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[extract  pbom  the  annual  report  of  the  secretary  of  war.] 

War  DEPART3IENT,  Novetnher  19, 1878. 

•  •  •  •  #  •  • 

KEPOBT  OP  THE  CHIEF  OF   ENGINEERS. 

The  report  of  tbe  Chief  of  Engineers  states  that  work  upon  our  sea- 
eoast  defenses,  o^wing  to  the  lack  of  appropriations,  has  been  limited  to 
the  care  and  preservation  of  the  works.    The  system  governing  the  con- 
struction of  our  ^^orks  of  defense  was  elaborated  and  adopted  in  1869, 
the  main  features  of  which  are  the  use  of  heavy  earthen  barbette  bat- 
teries, protected,  by  high  traverses,  and  arranged  for  guns  and  mortars 
of  large  caliber,  to  be  supplemented  in  the  future  by  guns  of  the  heaviest 
modem  caliber,  and  of  obstructions  in  the  channels  (mainly  electrical 
torpedoes)  to  prevent  vessels  from  running  past  the  batteries. 

The  Chief  of  Engineers  now  recommends,  in  addition  to  completing 
the  open  batteries  already  partially  constructed,  the  conversion  of  some 
of  our  easemated  forts  for  the  reception  of  guns  of  the  largest  caliber, 
behind  armor-plates  of  iron. 

The  trials  and  experiments  with  the  torpedo  defense  have  continued 
at  Willet's  Point  with  satisfactory  results. 

The  Battalion  of  Engineers,  under  tl^e  law  reducing  the  Army,  has 
been  fixed  at  two  hundred  enlisted  men.    This  number,  in  the  opinion 
of  the  Chief  of  Engineers,  is  too  small  for  the  efficient  performance  of 
the  duties  required  of  them.    If  a  war  should  occur  with  a  maritime 
power,  the  want  of  trained  soldiers  to  plant  and  operate  our  torpedo 
defeiii^es  would  be  seriously  felt ;  and  it  is  submitted  whether  the  needs 
of  this  branch  of  the  service  may  not  justify  a  minimum  organization 
for  the  battalion  of  not  less  than  five  hundred  and  twenty  enlisted  men. 
For  the  toriyedo  service  alone  that  number  is  requisite.    The  duty  re- 
quires an  intelligence  and  training  which  cannot  be  supplied  in  an  emer 
gencj.     In  the  event  of  the  increase  of  the  battalion  as  rec.oininendecl, 
conijiderable    detachments  therefrom  can  be  advantageously  employed 
in  time  of  peace  in  the  surveys  under  the  Engineer  Dei)artment,  and 
especially  in  the  surveys  by  the  engineer  officers  on  the  staffs  of  divis- 
ion and  department  commanders  west  of  the  Mississippi  River. 

The  works  of  river  and  harbor  improvement  provided  for  by  the  act 
of  August  14,  lS70j  were  earned  on  during  the  fiscal  year  with  satisfa<*- 
torv  nro/n-ess  under  the  balances  remaining  of  the  appropriations  con 
mined  iu  that  stnd  prior  acts.  Additional  appropriations  for  river  and 
\  ho  'mt>TOvement'&  were  made  by  Congress  in  the  act  approved  June 
nifTfi        d  as  f^^  ^^  practicable  the  works  provided  for  therein  are  in 
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process  of  execution.  Detailed  information  in  regard  to  each  specific 
river  and  harbor  improvement  may  be  found  in  the  report  of  the  Chief 
of  Engineers. 

The  survey  of  the  Mississippi  River,  recently  commenced  by  the  Engi- 
neer Department,  has  been  carried  from  Mound  City,  above  Memphis, 
to  Scanlon's  Landing,  Arkansas,  and  a  line  of  precise  levels  has  been 
completed  from  Memphis,  Tennessee,  to  Austin,  IVIississippi.  Detailed 
charts  Nos.  1,  2,  3,  4,  5,  6,  and  7,  of  the  river  have  been  completed. 

The  systematic  survey  of  the  territorj^  west  of  the  one-hundredth 
meridian,  which  has  been  for  several  years  prosecuted  under  the  direc- 
tion of  the  Cliief  of  Engineers,  by  the  officers  of  the  Corjis  of  Engineers 
and  other  officers  of  the  Army,  has  been  carried  on  during  the  last  fiscal 
year  in  CaUfomia,  Oregon,  Nevada,  Utah,  Colorado,  New  Mexico,  and 
Texas.  The  area  surveyed  and  mapped  since  its  commencement  has 
aggregated  more  than  300,000  square  miles. 

The  topographical  maps,  which  are  the  most  important  and  useful  re- 
sult of  this  survey,  are  regularly  published  and  become  at  once  availa- 
ble for  the  uses  of  the  War  Department  and  the  other  branches  of  the 
government  service,  for  the  settlers  of  our  public  lands,  and  for  incor- 
poration into  school  atlases  and  other  maps  for  popular  use  published 
by  private  enterprise.  Its  organization  is  complete  and  in  excellent 
condition  for  carrying  on  its  work  rapidly  and  economically,  and  it  is 
hoped  that  the  full  amount  of  appropriation  asked  for  by  the  Chief  of 
Engineers  for  tlie  next  fiscal  year  will  be  granted  by  Congress. 

There  is  on  the  staff  of  efieh  of  the  general  officers  in  command  of  the 
Military  Divisions  of  the  Pacific  and  Missouri,  the  Departments  of  the 
Platte,  the  Missouri,  the  Columbia,  Texas,  Dakota,  and  Arizona,  and 
the  District  of  Xew  Mexico,  an  engineer  officer  or  acting  engineer  officer 
(ordinarily  of  the  rank  of  captain  or  lietitenant),  but  these  officers  can 
be  of  but  little  utility  in  the  line  of  their  profession  unless  they  can 
each  be  supplied  with  a  small  amount  of  funds  to  be  used  in  the  pur- 
chase and  repair  of  instruments  and  for  assistance  in  their  field-work. 
No  little  embarrassment  has  been  caused  during  the  current  year  by  the 
failure  of  the  appropriation  for  surveys  by  these  officers.  They  collect 
geographical  and  other  information  in  their  own  reconnaissances  and 
those  of  line  officers  on  scouts  and  campaigns,  and  have  at  very  little 
expense  i)roduced  reports  and  maps  of  the  highest  utility,  not  only  to 
the  commanding  generals,  but  to  the  public  at  large.  This  work  is  now 
almost  entirely  stopped  by  the  failure  of  the  appropriation  and  the  con- 
sequent discharge  of  draughtsmen  and  other  persons  emi)loye(l.  Unless 
further  appropriation  is  made  a  large  mass  of  valuable  material  in  form 
of  notes  and  sketches,  now  ready  to  be  incori)orated  into  reports  and 
maps,  must  remain  in  its  present  useless  form.  It  is  earnestly  hoped 
that  the  estimate  for  this  work  will  receive  favorable  attention  from 
Congress. 

A  consideration  of  actual  methods  and  expenses  of  all  surveys  of  a 
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scientific  character  under  the  War  and  Interior  Departments  and  the 
sarveys  of  the  Land  Office,  was  referred  at  the  last  session  of  Congress 
(in  the  act  providing  for  the  sundry  civil  expenses  of  the  government, 
approved  June  20,  1878)  to  the  National  Academy  of  Sciences,  with  di- 
rections to  report  to  Congress  a  plan  for  surveying  and  mapping  the 
Territories  of  the  United  States  on  such  general  system  as  wiU  secui'e 
the  best  results  at  the  least  possible  cost.  Subsequently,  and  at  the  re- 
quest of  the  acting  president  of  the  National  Academy  of  Scieuces,  I 
furnished  to  the  academy  a  statement  of  the  plans  and  wishes  of  the 
War  Department  in  respect  to  these  surveys,  which  was  prepared  by  my 
direction  by  the  Chief  of  Engineers,  and  will  be  found  in  the  report  of 
that  officer.* 

The  Mississippi  River. 

It  is  greatly  to  be  hoped  that  the  attention  of  Congress  will  con- 
tinue to  be  given  to  the  problem  how  best  to  improve  the  navigation 
of  the  Mississippi  River.  The  importance  of  the  subject  can  scarcely 
be  overe^stimated,  and  the  large  ex])enditures  now  being  made  in  the 
improvement  of  the  mouth  of  the  river  gives  it  Jidded  promiueuce. 

Improvement  of  South  Pass  of  the  Mississippi  River. 

During  the  fiscal  year  the  work  of  comi)leting  the  jetties  and  auxihary 
structures  at  South  Pass  and  vicinity  has  been  actively  pursued  by  ]Mr. 
James  B.  Eiuls  and  associates,  under  the  sanction  of  the  a<*ts  of  Con- 
ga*ss  approved  March  3,  1875,  and  June  19,  1878. 

An  engineer  officer  has  been  on  duty  at  Tort  Eads  during  the  year, 
anil  his  reports,  called  the  seventh,  eighth,  and  ninth  "  Reports  upon  the 
Improvement  of  South  Pass,^  &c.,  have  been  forwarded  to  Congress  for 
\u  information,  and  a  limited  number  of  each  of  these  reports  have  been 
printed.  From  the  tenth  report,  which  is  also  an  annual  report  for  the 
year  ending  June  30,  1878,  the  following  data  are  ascertained: 

July  28,  1877,  there  was  an  available  depth  over  the  bar  (at  the  sea- 
eniis  of  the  jetties)  of  20.3  feet,  and  the  least  width  of  the  20  foot  chan- 
nel was  150  feet. 

Jfily  2  mul  15,  1878,  there  was  a  praetic'al  channel  of  21.9  feet  and  22.3 
(i'j^X^  respectively,  and  the  least  width  of  the  21.9-foot  channel  in  the  first 
iM^  and  tlie  22-foot  channel  in  the  second  case  was  150  feet. 

July  28,  1877,  the  distance  between  22  feet  in  depth  inside  tlieshoalest 
frr,>ss-.seetlon  aud  the  same  depth  outside  was  150  feet.  July  15,  1878, 
X\i^  ilistwncA'^  between  the  corresponding  24-fo()t  curves  was  150  feet, 
r/jese  depths  aud  widths  are  with  reference  to  the  axscertalned  ''average 

/lo>d  tide^-'' 

At  the  head  of  South  Pass,  near  the  beginning  of  the  past  fiscal  year, 
ihtre  ^'as  a  practicable  channel  23  feet  deep  in  its  shoalest  part.  Just 
aiVr  the  close  of  thejuime  year  a  snrvey  showed  the  existence  of  a  prac- 

*  Appendix  N  N  3. 
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ticable  channel  21.7  feet  deep,  and  the  fluctuations  in  depth  during  the 
year  have  been  between  depths  of  21  feet  and  23  feet.  The  widths  cor- 
responding to  these  depths  have  been  ample  for  the  present  needs  of 
commerce. 

The  "  average  flood  tide,"  which  is  the  plane  of  reference  for  depths 
at  the  head  of  the  passes,  is  that  of  a  low  stage  of  the  river.  At  high- 
water  stages  the  actual  depths  are  from  1  to  2  feet  greater  than  the  nom- 
inal ones  given  on  the  charts  and  in  reports. 

In  January,  1878,  a  commission,  appointed  by  the  Secretary  of  War, 
composed  of  Col.  J.  G.  Barnard  and  Lieut.  Col.  H.  G.  Wright,  Corps  of 
Engineers,  visited  Port  Eads,  for  the  purpose  of  ascertaining  how  faith- 
fully Mr.  Eads  had  conformed  with  the  strict  provisions  of  the  act  of 
Congress  approved  March  3, 1875,  relating  to  the  stability  and  general 
permanence  of  the  works  constructed  by  him  to  improve  the  navigation 
of  South  Pass.  The  inspecting  officer  had  certified  that  on  the  15th  of 
December,  1877,  "  a  channel  22  feet  throughout  a  width  of  more  than 
200  feet,  at  its  narrowest  point,  was  obtained,  from  deeper  water  in 
South  Pass,  near  the  Head  of  Passes,  through  the  jettied  prolongation 
of  South  Pass  to  deeper  water  in  the  Gulf  of  Mexico.^  It  remained  to 
be  assured  that  the  terms  of  the  law  had  b^en  faithfully  complied  with 
in  other  respects.  The  report  of  the  commission,  which  has  been  laid 
before  Congress,  showed  that  the  22-tbot  channel  was  200  feet  wide,  ac- 
cording to  a  survey  made  January  2, 1878,  and  that  the  law  had  been 
so  far  complied  with  as  to  authorize  the  payment  of  the  second  sum  of 
$500,000  due  from  the  United  States  to  Mr.  Eads  on  the  satisfactory 
I)roofs  that  a  channel  22  feet  deep  and  200  feet  wide  everywhere  had 
been  obtained  between  the  South  Pass  of  the  Mississippi  River  and  the 
Gulf  of  Mexico.  I  therefore  transferred  to  Mr.  Eads  my  warrant  on  the 
Secretary  of  the  Treasury  for  $500,000,  as  directed  by  the  act  of  Con- 
gress of  March  3, 1875. 

The  act  of  Congress  approved  June  19, 1878,  provided  as  follows: 

Sec.  2.  The  Secretary  of  War  is  hereby  authorized  and  directed  to  draw  his  warrant 
upon  the  Secretary  of  the  Treasury  of  the  United  States  in  favor  of  James  B.  Eads, 
his  assigns  or  legal  representatives,  for  the  sum  of  five  hundred  thousand  dollars,  so 
soon  aB  the  said  Eads,  his  lawful  assigns  or  legal  representatives,  shall  tile  with  the 
said  Secretary  of  Wdr  a  relinquishment  of  all  claim  to  the  payment  of  five  hundred 
thousand  dollars  provided  by  the  hereinbefore  recited  act  to  be  paid  when  a  channel 
twenty-four  feet  in  depth  and  not  less  than  two  hundred  and  fifty  feet  in  width  shall 
have  been  obtained.  And  the  Secretary  of  the  Treasury  is  hereby  authorized  and  di- 
rected to  pay  to  said  Eads,  his  lawful  assigns  or  legal  representatives,  the  sum  for 
which  said  warrant  is  drawn. 

Sec.  3.  The  Secretary  of  War  is  further  hereby  authorized  and  directed,  upon  his 
approval  of  the  engineer's  statement  in  this  section  mentioned,  to  draw  his  warrant 
upon  theSecretaryof  the  Treasurj' of  the  United  States  in  favor  of  said  James  B.  Eads, 
his  lawful  assigns  or  legal  representatives,  monthly,  for  such  sums,  not  exceeding  in 
the  aggregate  the  gross  sum  of  five  hundred  thousand  dollars,  as  he  or  they  may 
rtMjuire  in  the  prosecution  of  the  works  authorized  by  said  hereinbefore  recited  act,  to 
pay  for  materials  furnished,  labor  done,  and  exi^nditures  incurred,  from  and  after 
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the  passage  of  this  act,  in  the  constraction  of  said  works :  Providedf  That  said  Eads  or 
his  legal  representativeB  shall  lile  in  the  office  of  the  Secretary  of  War,  with  each 
requisition  mi^  by  him  or  them,  a  certified  statement,  which  shall  be  made  by  the 
engineer  officer  provlde<l  for  in  said  act,  that  the  requisition  is  for  the  amount  of  work 
properly  done,  materials  famished,  and  expenditures  incurred  in  the  prosecution  of 
the  work:  And  provided,  That  said  Eads,  his  lawfol  assigns  or  legal  rei)rescntatives, 
diaU  file  with  the  Secretary  of  War  a  relinquishment  of  all  claim  to  the  deferred 
payment  of  two  hundred  and  fifty  thousand  dollars  provided  by  the  hereinbefore  recited 
act  to  be  paid  when  a  channel  twenty-four  feet  in  depth  and  not  less  than  two  hundred 
and  fifty  feet  in  width  shall  have  been  maintained  for  twelve  months  consecutively  : 
A»d  provided  further,  That  said  Eads,  his  lawful  assigns  or  legal  representatives,  shall 
firom  time  to  time,  as  monthly  installments  of  the  remaining  two  hundred  and  fifty 
thoosand  doUars  are  paid,  file  with  the  Secretary  of  War  a  relinquishment  of  like 
amounts,  to  be  deducted  from  the  payment  of  ^Lve  hundred  thousand  dollars  provided 
by  the  hereinbefore  recited  act  to  be  paid  when  a  channel  twenty-six  feet  in  depth  and 
not  less  than  three  hundred  feet  in  width  shall  have  been  obtained.  And  the  Secre- 
tary of  the  Treasury  is  hereby  authorized  and  directed  to  pay  to  said  Eads,  his  lawful 
as^gns  or  legal  representatives,  the  snms  for  which  said  warrants  are  drawn.  All 
other  payments  to  said  James  B.  Eads,  his  lawful  assigns  or  legal  representatives,  are 
to  be  made  under  and  in  pursuance  of  the  provisions  of  the  hereinbefore  recited  act ; 
the  whole  of  said  act,  except  as  the  same  is  hereby  expressly  modified  or  amended,  to 
have  the  same  force  and  efiect  as  if  this  act  had  not  been  passed. 

In  accordance  with  section  two  of  the  act,  the  requi  red  relinquishment 
wBs  filejd  by  Mr.  Eads,  and  the  third  payment,  amounting  to  $500,000, 
was  made. 

Certain  technical  questions  arose  as  to  the  construction  of  section 
three,  above  quoted,  and  as  to  the  rights  of  parties  in  the  matter  of  relin- 
quishment.   These  questions  were  referred  to  the  Attorney-General  and 
were  adjusted  pursuant  to  advices  contained  in  his  opinions.    The 
engineer's  statements,  IVIr.  Eads's  requisitions,  and  the  required  relinquish- 
ment of  $250,000  having  been  received,  approved,  and  filed,  three  sev- 
eral pa^Tuents  have  been  made  under  said  section,  amounting  in  the 
aggregate  to  $85,386.24,  for  the  months  of  June,  July,  and  August,  1878. 
The  epidemic  of  yellow  fever  reached  Port  Eads  about  July  26,  and, 
although  its  ravages  did  not  begin  during  the  last  fiscal  year,  it  is  well 
to  state  that  the  fever  became  so  severe  about  August  6,  that  it  was 
thoaght  necessary  to  suspend  active  operations  at  the  jetties  until  the 
fever  had  disappeared.    The  earlier  portion  of  the  low-water  season^ 
daring  which  the  work  of  construction  is  most  easily  and  economically 
conducted   has  therefore  been  lost  by  IVIr.  Eads;  and  as  it  became  neces- 
saiT  to  allow  those  of  the  United  States  Engineer  party  under  the  in- 
speetinfi'  ofEiceT  who  were  not  thoroughly  acclimated  to  leave  the  vicinity, 
the  Tesrtdajrity  of  detailed  reports  has  been  necessarily  interrupted, 
r  «  •  ♦  •  •  # 
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Office  of  the  Chief  of  Engineers, 
Washington^  I).  C,  October  19,  1878. 
Sir  :  I  have  the  honor  to  present  for  your  information  the  following 
report  upon  the  duties  and  operations  of  the  Engineer  Department  for 
the  fiscal  year  ending  June  30, 1878 : 

OFFICERS  of  the  CORPS  OF  ENGINEERS. 

The  number  of  officers  holding  commissions  in  the  Cori)S  of  Engineers, 
United  States  Army,  at  the  end  of  the  fiscal  year  was  106  on  the  active 
list  and  5  on  the  retired  list,  the  latter,  however,  under  the  law  of  Jan- 
uary 21, 1870,  not  being  available  for  duty.  In  the  duties  devolving 
upon  the  corps  by  law  and  by  its  organization,  the  employment  of  a 
number  of  scientists  and  assistant  engineers  has  been  necessary. 

Since  last  annual  report  the  corps  has  lost  by  death  two  of  its  officers, 
Lieut.  Col.  John  D.  Kurtz,  who  died  at  Georgetown.  D.  C,  October  16, 
1877;  and  Capt.  A.  H.  Bumham,  who  died  at  Tjowell,  Mass.,  September 
12, 1877.  One  officer.  First  Lieut.  Edgar  W.  Bass,  resigned  May  2, 1878, 
to  accept  appointment  as  professor  of  mathematics  at  the  United  States 
Military  Academy. 

There  have  been  added  to  the  cori>8,  by  promotion  of  graduates  of  the 
Military  Academy,  two  second  lieutenants,  whose  commissions  date  from 
June  15,  1878,  but  who  did  not  become  available  for  duty  till  after  the 
close  of  the  year,  and  are,  therefore,  not  included  in  the  strength  of  the 
corps. 

On  the  30th  June,  1878,  the  officers  were  distributed  as  follows : 

On  dnty,  Office  Cbief  of  Engineers,  including  the  chief 4 

On  duty,  Office  Chief  of  Engineers,  Public  Buildings  and  Grounds,  District  of 

Columbia 1 

On  duty,  fortifications 3 

On  duty,  fortifications  and  light-house  duty 3 

On  duty,  fortifications  and  river  and  harbor  works 14 

On  duty,  fortifications,  river  and  harbor  works,  and  light-house  duty 4 

On  duty,  river  and  harbor  works 22 

On  duty,  river  and  harbor  works  and  light-house  duty 5 

^>n  fluty,  survey  Northern  and  Northwc'stcm  Lakes  and  Mississippi  Kiver 5 

<^>n  duty,  jptti<»8  at  mouth  of  Mississippi  River 1 

On  dnty,  explorations  of  country  west  of  one  hundredth  meridian 5 

On  duty  with  battalion  of  engineers 11 

On  duty  with  battalion  of  engineers  and  fortifications 1 

On  dntv  with  battalion  of  engineers  and  at  Military  Academy 2 

On  staffs  of  generals  commanding  divisions  and  departments  and  on  river  and 

harbor  works 2 

I^tjMrhed  on  dnty  with  the  General  of  the  Army,  generals  commanding  divisions 

and  departments,  light-house  establishment.  Military  Academy,  Department  of 

State,  and  the  Board  of  Commissioners  of  the  District  of  Columbia 19 

On  leave  of  absence 3 

Suspended 1 

Total 105 
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SEA-COAST  AND  LAKE-FRONTIER  DEFENSES. 

Doriug  the  past  fiscal  year  work  upon  oar  sea-coast  defenses  has  been 
limited  to  operations  for  the  care  and  i^reservation  of  the  works  only, 
no  appropriations  being  available  to  continue  to  completion  the  batteries 
already  begun. 

The  system  to  govern  the  future  construction  of  our  works  was  elabo- 
rated in  1869  and  will  be  found  stated  in  detail  in  Executive  Document 
No.  271,  House  of  Representatives,  Forty-first  Congress,  second  session, 
where  it  wUl  be  seen  the  system  received  the  approval  of  the  General  of 
the  Army  and  the  Secretary  of  War,  and  since  then  has  been  repeatedly 
indorsed  by  the  action  of  Congress. 

The  main  features  of  this  system  are  the  use  of  heavy  earthen  bar- 
bette batteries,  with  parados  and  traverses,  of  heavy  mortar  batteries, 
and  of  obstructions  in  the  channels  (mainly  electrical  torpedoes)  to  hold 
vessels  from  running  past  the  batteries  and  reaching  the  cities  or  depots 
beyond  them.  The  modification  of  the  casemates  of  our  masonry  forts 
was  at  that  time  deemed  premature,  it  being  then  tliought  preferable  to 
await  the  further  development  of  iron-clad  fleets  and  their  armaments 
and  to  take  advantage  of  the  experience  of  foreign  nations. 

From  1869  to  1875,  while  appropriations  for  coast  defense  were 
granted  by  Congress,  much  progress  was  made  in  earthen  barbette  bat- 
teries for  heavy  guns  and  mortars ;  and  further,  a  system  of  defense  by 
torpedoes — a  subject  of  continuous  study  up  to  this  time— has  been 
developed  which  only  requires  a  sufficiency  of  material  and  trained  men 
to  put  it  into  practice  when  needed.  But  torj^edo  defense,  however 
efficient  in  itself,  cannot  stand  alone ;  the  torpedoes  must  be  protected 
by  shore  batteries.  Unfinished  earthen  batteries,  however,  provided 
with  a  small  fraction  only  of  the  number  of  guns  for  which  they  were 
designed,  and  those  of  insufficient  caliber,  and  mortar  batteries  witliout 
mortars,  though  aided  by  torpedoes,  will  form  but  a  feeble  defense 
against  the  powerful  fleets  prepared  and  now  being  prepared  to  take 
the  high  seas. 

The  great  powers  of  Europe  do  not  place  their  reUance  on  barbette 
batteries.  They  believe  in,  and  are  constructing,  casemated  lbrt«,  some 
of  which  are  provided  with  wrought-iron  scarps  and  others  with  iron 
casemate-shields  to  protect  the  gun,  and  gunners  serving  it,  both  from 
direct  and  curved  fire.  This  department,  while  recommending  and 
urging  the  construction  of  barbette  batteries  as  an  initiatory  means  of 
obtaining  by  comparatively  small  expenditures  a  partial  defense  for  the 
numerous  exposed  harbors  of  our  coast,  has  always  insisted  that  the 
eflicient  service  of  the  large  guns  mounted  in  them  would  require  high 
parai)ets  and  dei)ressing  or  counterpoise  carriages.  It  has  also,  from 
the  beginning,  looked  forward  to  the  ultimate  conversion  of  some  of  our 
casemated  forts,  which  would  admit  the  change,  for  the  recei>tion  of 
guns  of  the  largest  caliber,  and  to  the  possible  construction  of  new 
works.  Within  the  past  two  years,  in  furtherance  of  these  \iews,  a 
large  casemated  fort  has  been  designed  to  take  the  place  of  old  Fort  La- 
fiiyette  at  the  Narrows  en  trance  to  Xew  York  Harbor.  Plans  also  have 
been  prepared  for  modifying  the  casemates  of  Fort  Schuyler  on  the  East 
Eiver,  and  for  comi)leting  Fort  Carroll  on  tlie  ai)proaches  to  Baltimore. 
The  modification  of  other  casemated  works  is  now  a  subject  of  study. 
It  will  require  much  time  and  large  expenditures  to  make  the  foregoing 
modifications,  and  to  complete  our  barbette  and  mortar  batteries  and 
furnish  them  with  suitable  armaments.  It  would  be  but  an  act  of  pru- 
dence to  make  tJie  beginning  without  delay.  The  disasters  of  the  first 
three  months  of  a  war  under  the  present  condition  of  our  defenses  might 
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cost  the  nation  tenfold  the  expenditure  that  would  be  needed  to  thor- 
oughly protect  our  coast  against  attack.  Our  great  cities,  New  York, 
Pliiladelphia,  Boston,  San  Francisco,  New  Orleans,  Baltimore,  and 
Washington,  should  they  fall  into  the  hands  of  an  enemy,  would  suffer 
ten  times  more  than  the  cost  of  all  the  foit«  necessary  to  secure  them 
against  such  disaster.  But  such  reverses  would  also  be  great  calamities 
to  the  nation,  crippling  its  war  power. 

^Vhen  the  great  change  in  ships  and  their  armaments  was  initiated, 
Great  Britain  did  not  hesitate  to  appropriate  $40,000,000  for  the  defense 
of  its  most  important  harbors,  and  in  addition  she  has  already  expended 
alx)ut  $60,000,000  upon  her  iron-clad  fleet.  We  may  well  profit  by  her 
exam])le.  There  is  nothing  so  costly  to  a  nation  as  a  lack  of  prepanition 
for  war.  In  fact,  to  be  prepared  for  war  will  often  i>revent  it;  and 
though  we  may  not  feel  the  daily  imminence  of  war  with  great  foreign 
jjowers,  as  England  did,  yet  with  incomplete  or  inadequately  armed 
defeiiiies  for  our  great  sea-port  cities,  even  the  attitude  of  belligerency, 
which  we  not  unfrequently  have  to  assume,  has  not  the  imx>osing  effect  it 
Hhould  have,  nor  is  it  accompanied  with  a  justly  founded  self  confidence 
on  our  own  part.  The  neglect  of  suitable  preijaration  cost  France  many 
millions  of  treasure,  a  jwrtion  of  her  territory- ,  and  a  great  humiliation* 
The  same  must  inevitably  happen  to  the  United  States  if  it  does  not 
piLsh  forward  its  coast  defenses  and  provide  them  with  guns  like  those 
I)o«<<«essed  not  only  by  the  great  powers,  but  even  by  smaller  nations. 

That  our  forts  should  be  efficient  we  must  have  guns  of  power  not 
inferior  to  those  that  will  be  brought  to  contend  with  them.  These  guns 
must  have  a  protection — whether  by  earthen  parapet  and  depressing 
carriage  or  by  iron  armor — ^no  less  efficient  than  that  which  protects  the 
hostile  gun. 

Our  system  of  torpedo  defense  must  rely  upon  forts  for  protection, 
otherwise  it  would  be  rendered  hannless.  It  would  be  si)eedily  destroyed 
by  an  enemy  if  one  of  its  iron-clad  fleets  were  suffered  to  approach 
it  unopposed.  It  is,  therefore,  by  the  combination  of  the  two  systems, 
riz,  the  torpedo  defense  and  shore  batteries,  that  our  harbors  can  be 
made  secure  against  the  powerful  iron-clads  of  the  present  day  in  the 
event  of  a  war  with  a  maritime  nation. 

It  concerns  the  honor  of  the  United  States,  when  involved  in  contro- 
versy with  other  powers,  to  be  able  to  appeal  to  the  sword,  but  that 
ap]>eal  should  be  accompanied  by  the  consciousness  that  the  weapon 
appealed  to  would  not  be  inferior  to  that  held  by  the  adversaiy.  This 
relation  of  inferiority  may  at  present  exist  though  the  adversary  be  a 
wmparatively  weaker  power. 

We  have  the  assurance  that  iron  plates  can  be  manufactured  in  this 
crmntry  equal  in  magnitude  and  not  inferior  in  quality  to  those  which 
fifteen  years  of  experience  have  enabled  the  English  rolling-mills  to  tium 
out. 

Congress  has  shown  its  interest  in  the  material  development  of  the 
resources  of  the  country,  and  especially  in  reviving  trade  and  relieving 
the  working  class,  by  liberal  appropriations  for  river  and  harbor  im- 
provements. Might  not  the  immediate  undertaking,  on  an  adequate 
scale,  of  the  construction  of  efficient  iron-clads,  the  manufacture  of  the 
so  much  needed  guns  of  large  caliber,  and  the  now  demanded  renewal  of 
revetment  in  iron  of  our  most  imi)ortant  sea-coast  works,  be  not  only  a 
*i«e  measure  of  national  defense,  but  an  incidental  means  of  reoi)ening 
oflr  workshops  and  reviving  one  of  oiur  most  important  industries — the 
lasnufactare  of  iron  f 
It  is  believed  that  the  present  time,  when  all  kinds  of  materials  and 


Digitized  by  VjOOQIC 


6  REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

workmanship  are  depressed  in  value,  when  so  many  of  our  working  pop- 
ulation are  unemployed,  is  particularly  favorable  to  the  work  of  perfect- 
ing our  defenses  and  supplying  them  with  guns  equal  in  power  with 
tliose  which  will  be  brought  against  them. 

For  detailed  report  upon  the  several  works  of  fortification,  I  beg  leave 
to  refer  to  the  synopsis  of  reports  of  the  several  officers  in  charge.  The 
estimates  for  the  works  have  been  carefully  re\dsed  by  me  and  are  ear- 
nestly recommended. 

Special  attention  is  invited  to  the  estimate  of  $100,000  for  torpedoes. 
The  charges  in  the  torpedoes  are  fired  by  the  electrical  current,  and 
many  parts  of  the  system  connot  be  obtained  in  an  emergency.  It  is 
to  procure  and  store  such  portions  of  the  apparatus  as  cannot  be  speed- 
ily obtained  in  the  event  of  sudden  hostilities  that  the  appropriation  is 
asked. 

Si)ecial  attention  is  also  asked  to  the  item  of  $150,000  for  preparing 
our  most  important  forts  for  operating  submarine  mines  by  providing 
proper  bomb-proof  cover,  galleries  of  approach,  &c. ;  all  these  being 
essential  to  the  successful  operation  of  the  torpedo  system  of  defense,  in 
connection  with  other  works. 

FORTIFICATIONS. 

Fort  WaynCy  Michigan^  in  charge  of  Lieut  Col.  C.  E.  Bluntj  Corps  of 
Engineers^  until  January  1,  1878;  since  that  date  in  charge  of  Major 
Walter  McFarlandj  Corps  of  Engineers. — ^This  work  commands  the  chan- 
nel of  Detroit  Eiver,  and,  with  its  exterior  barbette  batteries  already 
planned,  will  control  the  navigation  of  that  stream. 

Nothing  has  been  done  to  this  work  during  the  past  year,  and  its  con- 
dition is  the  same  as  at  the  close  of  the  last  annual  report.  No  money 
has  been  exi)ended  upon  it,  and  none  is  now  asked  for. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  api^ropriation  asked  for  next  fiscal  year. 

Fort  Porter y  Black  Rock,  near  Buffalo^  If.  Y.,  in  charge  of  Lieut  Col.  C. 
E.  Bluntj  Corps  of  Engineers,  until  January  1,  1878 ;  since  that  date  in 
charge  of  Maj.  Walter  McFarlandy  Corps  of  Engineers. — 'No  change  what- 
ever has  occurred  in  the  condition  of  this  work  since  the  close  of  the 
last  fiscal  year.  No  money  has  been  expended  upon  it,  and  no  appro- 
priation is  asked  for  it. 

"So  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Niagara^  mouth  of  Niagara  Rivera  New  Yorky  in  charge  of  Maj. 
Walter  McFarlandy  Corps  of  Engineers. — ^This  work  is  situated  at  the 
mouth  of  the  Niagara  Eiver,  commanding  its  debouch  into  Lake  Ontario. 

Tlie  condition  of  this  work  is  essentially  the  same  as  it  was  at  the 
close  of  the  last  fiscal  year,  the  only  work  done  being  the  taking  down 
of  the  damaged  masonry  of  the  salient  of  the  south  bastion  and  it-s 
l>artial  rebuilding. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  OntariOy  mouth  of  Oswego  Rivery  New  Torky  in  charge  of  Maj. 
Walter  McFarlandy  Corps  of  Engineers. — This  work  protects  the  city  of 
Oswego  from  a  sudden  attack  or  coup  de  mainy  or  the  levy  of  a  contri- 
bution by  a  small  force  of  an  enemy  on  shipboard. 

The  condition  of  this  work  is  the  same  as  it  was  at  the  close  of  the  last 
fiscal  year,  no  money  having  been  expended  upon  it  except  for  hire  of 
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watchman  and  minor  repairs  on  the  store-houses  and  workshops,  and  the 

temporary  covering  of  one  of  the  coal  and  wood  vaults  in  the  rampart 

in  rear  of  one  of  the  sets  of  officers'  quarters. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

No  appropriation  asked  for  next  fiscal  year. 

Fwrt  Montgomery^  outlet  to  Lake  Champlain^  New  YorJc^  in  charge  of 
Gapt  James  MercuVy  Corps  of  Engineers,  until  July  30,  1877 ;  since  thai 
date  in  charge  of  Col.  Henry  W.  Benham,  Corps  of  Engineers. — ^This 
work  occupies  an  important  strategic  point,  and  commands  the  entrance 
to  Lake  Champlain  from  the  Richelieu  or  Saint  John  River. 

The  right  or  north  face  of  Bastion  D  has  been  strengthened  by  large 
iron  tie-rods,  which  appear  to  be  required  also  on  Curtain  III ;  the  work 
is  otherwise  in  essentially  the  same  condition  as  at  the  date  of  last 
report. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Knox,  BucJesport,  Penobscot  River ,  Maine,  in  charge  of  Lieut.  CoL 
J.  C.  Duane,  Corps  of  Engineers. — ^This  work,  situated  at  the  narrows 
of  the  Penobscot  River,  furnishes  a  defense  for  the  city  of  Bangor, 
18  miles  above,  and  other  towns  bordering  the  river,  and  renders  it 
avsdlable  as  a  secure  harbor  of  refuge  for  the  shipping  of  the  extensive 
eastern  coast. 

The  condition  of  this  work  remains  unchanged,  no  operations  having 
been  carried  on  during  the  fiscal  year  except  for  the  necessary  care  and 
preservation  of  the  proi)erty. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Fopham,  Kennebec  Biver,  Maine,  in  charge  of  Lieut.  Col.  J.  C. 
Duane,  Corps  of  Engineers. — ^This  work  defends  the  entrance  through 
the  mouth  of  the  Kennebec  River  to  the  rich  valley  of  this  river,  the  cities 
of  Bath  and  Augusta,  and  the  United  States  arsenal  at  the  latter  place. 

The  condition  of  this  work  remains  unchanged,  no  operations  having 
been  carried  on  during  the  fiscal  year  except  for  the  necessary  care  and 
preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Gorges,  Portland  Harbor,  Maine,  in  charge  of  Lieut  Col.  J.  C. 
Duane,  Corps  of  Engineers. — ^This  work  is  one  of  the  series  of  forts 
designed  to  defend  the  harbor  and  channels  leading  into  the  harbor  of 
the  important  strategic  position  occupied  by  the  city  of  Portland. 

The  condition  of  this  work  remains  unchanged,  no  ox)erations  having 
been  carried  on  during  the  fiscal  year  except  for  the  necessary  care  and 
preservation  of  the  proi)erty. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Appropriation  asked  for  next  fiscal  year $10,000  00 

Fwi  PrMe,  Portland  Harbor,  Maine,  in  charge  of  Lieut.  Col.  J.  C. 
JOuane^  Corps  of  Engineers. — ^This  work  occupies  such  a  position  that 
three-fourths  of  its  guns  command  the  two  principal  channels  entering 
the  harbor  of  Portland. 

Ilie  condition  of  this  work  remains  unchanged,  no  oi)erations  having 
beoi  carried  on  during  the  fiscal  year  except  for  the  necessary  care  and 
preservation  of  the  property. 

>'o»DroUristiaii  was  made  for  the  fiscal  year  ending  Jnne  30,  1879. 

Appropriation  asked  for  next  fiscal  year $30,000  00 
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Fort  Scammelj  Portland  Harhor^  Maine,  in  charge  of  Limit  Col.  J,  C. 
Buanej  Corps  of  Engineers. — ^This  work  occupies  a  very  important  posi- 
tion in  the  harDor  and  commands  four  of  the  channels  leading  into  it 

The  condition  of  this  work  remains  iinchang^ed,  no  operations  having 
been  carried  on  during  the  fiscal  year  except  for  the  care  and  preserva- 
tion of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $50,000  00 

Battery  on  Portland  Head,  Portland  Harbor,  Maine,  in  charge  of  Lieut 
Col.  J.  C.  Buane,  Corps  of  Engineers. — ^This  work  covers  by  its  guns  all 
the  approaches  to  the  main  channel  leading  into  the  harbor,  and  will 
prevent  by  its  fire  an  enemy's  fleet  from  taking  up,  unopposed,  a  position 
behind  Bangs's  Island,  from  which  to  bombard  Portland  or  diell  the 
shipping  in  the  harbor. 

The  condition  of  this  work  remains  the  same  as  at  the  close  of  the  last 
fiscal  year,  no  operations  having  been  carried  on  except  for  the  necessary 
care  and  preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $50,000  00 

Fort  McClary,  Portsmouth  Harbor,  l^ew  Hampshire,  in  charge  of  Lieut 
Col.  J.  C.  Duane,  Corps  of  Engineers. — ^This  work^  together  with  Fort 
Constitution,  opposite,  forms  the  inner  line  of  defense  to  the  mouth  of 
tiie  Piscataqua  Kiver  and  to  the  navy-yard  at  Kittery,  Me. 

The  condition  of  this  work  remains  tiie  same  as  at  date  of  last  report, 
no  operations  having  been  carried  on  except  for  the  necessary  care  and 
preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  187d. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Constitution,  Portsmouth  Harbor,  New  Hampshire,  in  charge  of 
Lieut  Col.  J.  C.  I>uane,  Corps  of  Engineers. — ^The  condition  of  this  work 
remains  unchanged,  no  operations  ha\ing  been  carried  on  except  for  the 
necessary  care  and  preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Battery  on  OerrisKs  Island,  Portsmouth  Harbor,  N^ew  Hampshire,  in 
charge  of  Lieut.  Col.  J.  C.  Duane,  Corps  of  Engineers. — ^This  battery,  with 
the  one  opposite,  on  Jerry's  Point,  forms  the  outer  line  of  defense  to 
Portsmouth  Harbor  and  to  the  navy-yard  at  Kittery,  Me. 

This  work  remains  the  same  as  at  the  close  of  the  last  fiscal  year,  no 
operations  having  been  carried  on  except  for  the  necessary  care  and 
preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $36,000  00 

Battery  on  Jerry's  Point, Portsmouth  Harbor,New  Hampshire, in  charge 
of  Lieut  Col.  J.  C.  Duane,  Corps  of  Engineers. — ^o  operations  were  carried 
on  at  this  work  during  the  past  fiscal  year  except  for  the  necessary  care 
and  preservation  of  the  property. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $24,000  00 

Fort  Warren,  Boston  Harbor,  Massachusetts,  in  charge  of  Col.  Henry 
W.  Benham,  Corps  of  Engineers. — ^This  important  work  is  for  the  defense 
of  the  main  channel  of  entrance  to  Boston  Harbor,  and  commands  tlie 
anchorage  of  Nantasket  Roads. 

This  fort,  without  an  appropriation  for  active  operations  during  the 
year,  remains  essentially  as  by  last  report,  with  the  exception  of  sonie 
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not  as  yet  im|>ortaiit  injuries  to  the  slopes  and  to  the  surface  of  the  ex- 
posed, nncovered  i)ortions  of  the  masonry  of  the  bomb-proof  traverses 
and  magazineis  on  the  water-fironts  of  the  main  work.  An  ax)propriation 
voald  \^  very  important  for  the  completion  of  these  unfinished  works, 
so  exposed  to  dilapidation  as  tiiey  were  necessarily  left  by  the  failure 
of  the  funds  for  the  two  years  past. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $75, 000  00 

Battery  at  Long  Island  Headj  Boston  Harbor j  Massachusetts j  in  charge 
of  CoL  Henry  W.  Benhnmj  Corps  of  Engineers, — ^This  work  occupies  an 
unportant  position  in  the  outer  line  of  defense  to  Boston  Harbor,  and  its 
guns  bear  upon  all  the  channels  of  entrance  thereto. 

^o  work  was  done  here  for  want  of  funds  during  the  past  year.  The 
earth  s1o]>es  and  embankment,  where  much  above  the  natural  soil,  have 
settled  somewhat  in  parts,  though  not  to  any  serious  extent.  The  ma- 
sonry of  the  breast-heights  and  magazines  is  all  in  good  condition.  The 
iron- work  of  the  platforms  needs  repainting,  and  some  repairs  or  protec- 
tion to  the  wharf  and  shore-line  adjacent  is  required.  But  this  work 
may  be  delayed  if  there  should  be  an  early  resumption  of  operations  for 
the*  completion  of  this  battery. 

Xo  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year ^^^  000  00 

Fort  Winthropj  Boston  Harbor^  Ma^sachussettSy  in  charge  of  CoL  Henry 
W.  Benham,  Corps  of  Engineers. — This  is  one  of  the  works  fonning  the 
inner  line  of  derense  to  Boston  Harbor  and  the  navy-yard  at  Charles- 
town. 

This  work  is  essentially  in  the  same  condition  as  stated  in  last  annual 
report.  The  batteries,  drains,  and  slopes  of  the  work  are  mostly  ad- 
vanced to  near  completion,  and,  with  slight  injuries  occurring  dimng  the 
year,  are  mostly  in  fair  condition. 

But  the  necessities  for  the  sea-walls,  recommended  for  the  protection  of 
the  east  bluff  of  this  island  and  on  the  south  of  the  main  work,  are  more 
and  more  apparent  each  year. 

5o  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appnipriation  asked  for  next  fiscal  year ^,  000  00 

Fort  Independence.  Boston  Harbor^  Massachusetts^  in  charge  of  Col, 
Henry  W.  Benham^  Vorps  of  Engineers, — ^This  is  one  of  the  works  form- 
ing the  inner  line  of  defense  for  the  harbor  of  Boston. 

As  from  the  want  of  ftinds  no  active  operations  were  possible,  this 
work  remains  essentially  in  the  same  condition  as  at  the  date  of  previous 
report.  The  sloi>es  of  parapets  and  magazines  of  the  main  work  are  in 
good  condition,  and,  with  the  exception  of  some  leaks  in  the  casemate 
arches  and  some  injuries  to  the  unfinished  slopes  of  the  east  exterior 
battery,  the  work  as  far  as  modified  is  in  a  good  state  of  efficiency. 

For  continuing  work  on  the  exterior  heavy-gun  batteries,  an  appropri- 
ation is  asked. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year |30, 000  00 

Fort  at  Clark's  Point,  New  Bedford  Harbor ,  Massachusetts,  in  charge  of 
MtQ.  G.  K.  Warren,  Corps  of  Engineers. — ^The  guns  of  this  work  com- 
mand the  entrance  of  the  harbor  of  Kew  Bedford. 

Nothing  has  been  done  during  the  past  fiscal  year  except  taking  care 
of  the  property. 

Plans  for  the  heavy-gun  batteries  are  ready,  and  work  can  be  begun 
«  soon  as  money  is  appropriated, 

Ao  appropriation  wae  made  for  the  fiscal  year  ending  June  30,  1879. 

ippropriation  a»ked  for  next  fiscal  year |30,000  00 
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Fort  AdamSy  Newport  Harbor ^  Rhode  Island^  in  charge  of  Maj.  O,  K. 
Warreriy  Cotys  of  ETtgineers. — ^This  large  and  important  work  defends 
the  harbor  and  city  of  Newport,  and  commands  the  principal  passage 
to  Naj^^gansett  Bay,  one  of  the  best  roadsteads  on  the  coast. 

During  the  fiscal  year  the  fences  have  been  extended  so  as  to  separate 
the  new  hea\'y  water  battery  and  the  engineering  buildings  and  prop- 
erty from  the  parts  occupied  for  the  ordinary  purposes  of  the  garrison. 

The  preparatory  work  for  the  construction  of  the  new  battery  (such 
as  opening  roads,  draining  the  grounds,  &c.)  having  been  all  completed, 
rapid  progress  can  be  made  in  construction  when  the  necessary  fimds 
are  appropriated. 

Many  repairs  are  needed  to  the  main  work  and  to  the  permanent 
wharf. 

No  appropriation  wae  made  for  the  fiscal  year  ending  Jane  30,  1879. 

Appropriation  asked  for  next  fiscal  year $40,000  00 

Defenses  of  Dutch  Island^  western  entrance  to  Narragansett  Bay,  Rhode 
Island^  in  charge  of  Maj.  O.  K.  Warren^  Corps  of  Engineers. — ^lliese  de- 
fenses lie  in  and  command  the  western  passages  to  Narragansett  Bay. 

The  only  work  performed  during  the  fiscal  year  has  been  the  general 
care  of  the  property. 

No  other  work  is  contemplated  for  the  fiscal  year  ending  June  30, 
1879. 

The  appropriation  asked  for  is  for  continuing  the  construction  of  the 
work. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year |40,000  00 

Fort  Trumhvllj  New  London  Harbor^  Connecticut^  in  charge  of  Maj.  J. 
W.  BarU>Wj  Corps  of  Engineers. — ^This  work,  upon  the  west  bank  of  the 
Thames  Eiver,  with  Battery  Griswoldon  the  east  bank,  forms  the  defense 
of  the  harbor  of  I^ew  London. 

Operations  have  been  confined  to  the  care  and  preservation  of  the 
work.  The  casemate  arches  of  the  west  front  have  been  examined  to 
ascertain  the  cause  of  leakage;  repointing  the  parade- wall  has  been 
commenced. 

An  appropriation  for  building  the  south  exterior  batteiy  for  heavy 
guns  is  recommended. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 

Appropriation  asked  for  next  fiscal  year f40,000  00 

Fort  Oriswoldy  New  London  Harhor,  Connecticut,  in  charge  of  Maj.  J, 
W.  Barlow,  Corps  of  Engineers. — During  the  past  fiscal  year  the  inclos- 
ing walls  have  been  repaired,  and  except  the  narrow  strip  communicating 
with  the  highway  and  river,  the  property  is  now  fenced. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Hale,  New  Haven  Harbor,  Connecticut,  in  charge  of  Maj.  J.  W. 
Barlow,  Corps  of  Engineers. — ^This  works  commands  the  channel  entrance 
to  New  Haven  Harbor.  It  was  built  during  the  late  war  for  an  imme- 
diate emergency,  and  was  not  intended  to  l^  permanent. 

No  work  has  been  done  during  the  past  year. 

A  project  to  modify  the  sea  front  for  modem  ordnance,  and  to  make 
X>ermanent  the  bomb-proofs,  at  an  estimated  cost  of  $23,600,  has  been 
presented  by  the  engineer  officer  in  charge. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Schuyler,  East  River,  New  Torh,in  charge  of  Maj.  H.  i.  Abbotj 
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Corps  of  Ungineera. — This  is  an  important  work  for  the  defense  of  the 
entrance  to  the  harbor  of  New  York  City  through  the  East  River. 

Owing  to  the  want  of  funds,  nothing  more  than  the  ordinary  care  of 
the  |>roi)erty  ha«  been  x>ossible  during  the  past  year. 

The  main  work  is  in  a  state  which  urgently  requires  attention.  The 
remodeling  of  the  barbette  tier,  to  enable  it  to  receive  its  proposed  arm- 
ament of  modem  guns,  has  been  mainly  finished,  but  was  suddenly 
stopped  by  the  failure  of  the  appropriation,  and  the  new  part  now  dete- 
riorates under  the  action  of  the  weather.  This  fact,  and  the  vast  impor- 
tance of  the  work  to  the  defense  of  New  York  Harbor,  renders  an  appro- 
priation 8i>ecially  needed. 

A  plan,  which  has  been  prepared  for  the  modification  of  the  casemates 
of  three  of  the  fronts  to  adapt  them  to  the  reception  of  the  heaviest 
modem  rifled  ordnance  behind  iron  shields,  should  be  undertaken  with- 
out delay,  and  a  liberal  appropriation  for  the  same  is  urgently  recom- 
mended. 

Ko  appropriation  wa«  made  for  the  fiscal  year  endiBg  Jane  90,  1879. 

Appropriation  asked  for  next  fiscal  year $150,  000  00 

Fort  at  Willets  Pointy  eastern  entrance  to  New  York  Harbor ^  in  charge 
of  Maj.  H,  i.  Abboty  Corps  of  Engineers. — This  work  unites  with  Fort 
Schuyler  in  the  defense  of  the  entrance  to  the  harbor  of  New  York  City 
through  the  East  River. 

Want  of  fiinds  has  prevented  any  essential  progress  in  preparing  this 
important  jwsition  for  use  in  defending  New  York  City  in  case  of  war. 
In  combination  with  Fort  Schuyler  it  forms  the  sole  defensive  line  upon 
which  a  hostile  fleet,  attempting  to  enter  and  shell  the  city,  could  be 
«uccessfnlly  opposed.  To  neglect  the  defensive  works,  while  expending 
large  sums  ujwn  improving  the  channel,  as  has  been  done  for  several 
years  past,  is  to  invite  an  overwhelming  blow  in  tlie  next  war  with  a 
powerful  maritime  nation. 

The  following  is  a  summary  statement  of  work  done  for  the  preserva- 
tion of  the  property  during  the  past  year : 

In  the  middle  battery  about  2,702  cubic  yards  of  earth  have  been 
placed  in  parapet,  and  all  the  sodding  of  the  exterior  slopes  has  been 
a>mpleted  by  placing  482  superficial  yards  of  sod.  In  the  east  battery 
about  2,512  cubic  yj^s  of  earth  have  been  placed  in  parapet,  and  2,769 
superficial  yards  of  exterior  slopes  and  traverse  magazine  No.  13  have 
been  sodded.  Sea-wall  in  front  of  east  battery  has  been  extended  543 
Uneal  feet.  Storage  casemates  have  been  covered  with  1,107  cubic 
yards  of  earth,  and  with  183  superficial  yards  of  sodding  on  the  exterior 
dope,  and  are  completed.  Galvanized  iron  pipes  for  carrying  off*  the 
drainage  from  arches  have  been  placed.  The  ordinary  repairs  of  the 
different  batteries  and  the  care  of  the  engineer  property"  have  consumed 
the  rest  of  the  funds  available. 

Xo  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appro]iTiation  a^ked  for  next  fiscal  year $SO,000  00 

Fort  ColumbuSy  Qovemot^s  Island^  New  York  Harbor ^  in  cliarge  of  Capt, 
James  Mercur^  Corps  of  Engineers^  until  July  30,  1877 ;  since  that  date 
i«  charge  of  Col.  Henry  W.  Benham,  Corps  of  Engineers. — No  funds  beuig 
available  no  work  has  been  executed  here  during  the  past  year,  beyond 
some  shghtrepairs  and  the  general  care  of  the  slopes,  &c.,  and  the  engmeer 
pitjperty,  the  work  remaining  in  essentially  the  same  condition  as  at 
the  date  of  last  report 

Id  the  last  anBual  report  estimates  were  made  for  an  extension  of  the 
«a-wali  on  the  west  side  of  the  island  and  for  surface  drains  in  the 
flioat  of  Fort  Columbus.    The  recommendations  then  made  are  repeated. 
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The  shore-line  along  the  southeast  part  of  the  island,  back  of  the 
range  of  officers'  quarters,  between  the  south  battery  and  the  main 
wharves,  is  without  protection  and  is  irregularly  broken  down  by  the 
wash  of  the  waves  in  storms,  while  in  front,  or  outward  from  the  shore, 
a  shoal  extends,  bare  at  low  water,  to  the  distance  of  100  feet  to  200 
feet,  which,  from  its  position  in  the  eddy  between  the  Buttermilk  chan- 
nel and  the  Hudson  Eiver,  receives  the  drift  and  carrion  oifal  of  the 
river,  making  it  often  very  offensive  and  injurious  to  the  health  of  the 
residents  on  the  island. 

The  best  remedy  for  this,  and  a  necessity,  is  considered  to  be  a  sea- 
wall of  rounded  or  convex  line  of  short  faces,  running  out  upon  this 
shoal,  which,  \iithout  indentations,  would  give  a  regular  current  and  di- 
rection to  the  water,  thus  tending  to  carry  off  all  such  offensive  and 
deleterious  matter,  while  the  space  in  rear,  filled  up,  as  it  might  be 
without  great  cost,  in  part  perhaps  by  the  garrison,  would  add  some  acres 
to  the  area  of  the  island,  where  every  yard  of  land  is  so  valuable.  The 
constniction  of  this  wall  is  strongly  urged  by  General  W.  S.  Hancock, 
commanding  Military  DiAisionof  the  Atlantic,  and  the  medical  authori- 
ties on  the  island. 

The  length  of  wall  required  would  be  about  1,800  running  feet,  and,  if 
of  8  feet  height,  with  stone  facing  and  concrete  backing  and  foundation, 
would  cost,  as  near  a«  can  be  estimated,  about  $20  per  running  foot,  or 
$36,000.  Adding  for  the  wall  on  the  west  shore,  tiie  cost  will  be  about 
$40,000. 

The  appropriation  asked  for  is  for  the  foregoing  objects  and  for  con- 
tinuing the  construction  of  the  exterior  battery  for  heavy  ordnance. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year 075, 000  00 

Cattle  WilliamSj  Oovernor^s  Island^  New  Yorlc  Harbor,  in  charge  of 
Capt  James  Mercur,  Corps  of  Engineers,  until  July  30,  1877 ;  sinee  that 
date  in  charge  of  Col.  Henry  TT.  Benham,  Corps  of  Engineers. — Xo  work 
was  done  here  during  the  last  fiscal  year. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

South  Battery,  Governor's  Island,  Neic  York  Harbor,  in  charge  of  Capt 
James  Mercur,  Corps  of  Engineers,  until  July  30,  1877 ;  since  that  date  in 
charge  of  Col.  Henry  W.  Benham,  Corps  of  Engineers. — Xo  work  was 
done  here  during  the  past  fiscal  year  and  none  contemplated  during  the 
present. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Wood,  Bedlo^s  Island,  New  Yorlc  Harbor,  in  charge  of  Capt.  James 
Mercur,  Corps  of  Engineers,  until  July  30,  1877 ;  since  that  date  in  charge 
of  Col.  Henry  W.  Benham,  Corps  of  Engineers. — This  work,  together  with 
those  upon  Governor's  Island,  is  designed  to  close  the  entrance  to  the 
East  and  Hudson  Kivers,  and  to  cover  New  York,  part  of  Brooklyn,  and 
Jersey  City  from  bombardment. 

No  funds  were  available  and  no  operations  undertaken  during  the 
past  year.  The  defenses  of  the  island,  the  quarters,  and  the  buildings 
generally  appear  to  be  in  fair  condition,  as  at  the  date  of  the  last  an- 
nual report.  The  constniction  of  a  heavily  armed  water-battery  is  re- 
commended by  the  Board  of  Engineers  for  Fortifications. 
No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Hamilton  and  additional  batteries.  New  York  Harbor,  in  charge  of 

Digitized  by  VjOOQIC 


REPORT  OF  THE  CHIEF  OF  ENOINEEBS.  13 

Capt.  James  Mercur^  Corps  of  EngineerSjUntil  July  30, 1877 ;  since  that  date 
iji  charge  of  Col.  Henry  W.  Benham^  Corps  of  Engineers. — ^These  works 
are  sitoat^  at  the  Narrows  of  New  York  Harbor,  w^vl  the  Long  Island 
side. 

From  want  of  fdnds  no  operations  of  importance  have  taken  place  here 
daring  the  past  year,  and  the  work  is  essentially  in  the  same  condition 
as  at  the  date  of  previous  report.  To  meet,  however,  the  cost  of  some  re- 
pairs and  additions  to,  or  the  completion  of,  batteries  now  in  part  con- 
stracted,  an  appropriation  is  recommended  for  the  execution  of  this 
work  during  the  coming  fiscal  year. 

No  appTopriation  waa  made  for  the  fiscal  year  ending  Jane  30,  1879. 

Appropriafcion  aaked  for  next  fiscal  year $50, 000  00 

Mortar  battery  at  Fort  Hamilton,  New  YorJc  Harbor,  in  charge  of  Capt 
James  Mercur,  Corps  of  Engineers,  until  July  30,  1877 ;  since  that  date  in 
charge  ofCoL  Henry  W.  Benham,  Corps  of  Engineers. — l^o  operations  were 
carried  on  during  the  past  fiscal  year. 

Fort  Lafayette,  New  York,  harbor. — ^This  old  work,  situated  on  a  shoal 
at  the  Narrows  entrance,  occupies  the  best  of  all  the  positions  for  the 
defense  of  New  York  Harbor.  It  was  injured  by  fire  in  December,  1868, 
to  such  a  degree  as  to  make  it  practically  worthless  unless  repaired  at  a 
vety  considerable  outlay ;  and  as  it  was  adapted  to  guns  of  small  caliber 
only,  it  was  not  thought  worth  whUe  to  restore  it,  but  to  replace  it  by  a 
new  construction  which  should  meet  the  demands  of  modem  armaments. 

A  project  for  a  casemated  work  has  been,  therefore,  i)repared,  the 
estimated  cost  of  which  is  $784,212,  which  shall  admit  of  the  mounting 
of  80  to  100  ton  guns  behind  shields  of  iron.  About  one-half  of  the  old 
work  is  utilized  in  this  project  for  store-rooms,  bomb-proof  quarters,  &c, 
while  the  remainder  is  an  entirely  new  construction.  It  will  require 
several  years  in  building  and  should  be  luidertaken  without  delay.  An 
appropnation  for  its  commencement  is  asked  for  next  year. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $200,000  00 

Fart  Wadsicorth,  Staten  Island,  New  York  Harbar,  in  charge  of  Lieut 
CoL  Q.  A.  Gilhnore,  Carps  of  Engineers. — This  fort,  situated  on  the  Staten 
Island  side  of  the  Narrows  of  New  York  Harbor,  is  a  large  casemated 
work,  having  its  lower  tier  of  guns  only  a  few  feet  above  the  level  of 
ordinary  high  water. 

During  the  past  fiscal  year  the  iron  work  in  tlie  embrasures  and  the 
roofs  of  the  store-rooms  and  guard-house  have  been  painted. 

Tlie  ditch  requires  cleaning  out,  some  painting  and  pointing  are 
needled,  and  shot-beds  are  wanted  on  the  parade  of  the  work.  It  is  also 
very  desirable  that  the  reservoir  of  spring-water  in  the  ditch  of  the 
work  hhould  be  covered  over,  as  it  is  becoming  filled  with  a  vegetable 
growth — ^probably  a  species  of  bacteria — which  at  times  is  carried  into 
and  chokes  up  the  pipes,  and  may  ultimately  render  the  water  unfit  for 
domestic  use.  As  tiiis  plant  requires  light  for  its  generation  and  growth, 
it  would  doubtless  disapi)ear  if  the  reservoir  were  covered. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  anked  for  next  fiscal  year $9,  000  00 

Fort  on  site  of  Fort  Tompkins,  New  York  Harbor,  in  charge  of  Lieut 
Col  Q.  A.  OiUmore,  Corps  of  Engineers. — ^This  work  crowns  the  hill  in 
rear  of  Fort  Wadsworth  and  the  open  batteries  on  Staten  Island,  and  is 
designed  to  acconunodate  the  garrisons  and  act  as  a  keep  for  those 
voris.  T^Tien  completed,  it  will  be  able  to  throw  a  heavy  fire  from  a 
(»iniiianding  position  upon  vessels  attempting  to  pass  through  the  Nar- 


Digitized  by  VjOOQIC 


14  REPORT   OP   THE   CHIEF   OF  ENGINEERS. 

rows.  It  has  been  in  readiness  to  receive  its  armament  for  some  years. 
For  want  of  funds,  the  operations  during  the  past  fiscal  year  have  been 
restricted  to  repairs  of  the  earthwork  and  roads  damaged  by  storms,  to 
cutting  the  grass  on  the  slopes,  constructing  a  masonry  cesspool-trax^  at 
the  foot  of  the  interior  slope  of  the  cover-face  and  connecting  it  with 
the  sewer  leading  to  the  river,  keeping  a  supply  of  water  in  the  dis- 
tributing reservoir  located  on  the  glacis,  and  other  necessary  minor 
repairs. 

Ko  operations  can  be  carried  on  diiring  the  present  fiscal  year  for  want 
of  funds. 

Attention  has  been  called  in  former  reports  to  the  bad  condition  of 
the  large  slope  in  front  of  the  channel  face  of  this  work,  and  an  appro- 
priation for  completing  it  is  again  earnestly  recommended. 

Amount  (estimated)  requir^  for  completing  Fort  Tompkins,  the  glacis 
gun-battery,  and  the  Korth  and  South  Cliff  batteries,  $175,000. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1879. 

Appropriation  asked  for  next  fiscal  year * |75,000  00 

Olaoia  Oun  Battery  {north  of  fort  on  site  of  Fort  Tompkins)  j  Staten  Island^ 
Neio  Yorlc  Harbor^  in  charge  of  Lieut.  Col.  Q.A.  Gillmore^  Corps  of  Engi- 
neers,— This  battery  has  been  in  readiness  to  receive  its  armament  for 
the  last  four  years.  Some  little  work  yet  remains  to  be  done  to  the 
magazine-doors  and  lamp-closets.  Ko  work  was  done  during  the  last 
fiscal  year  except  to  cut  the  grass  from  the  slopes  and  repair  minor  dam- 
ages to  the  same. 

The  cost  of  substituting  stone  for  timber  platforms,  amounting  to 
about  $9,000,  is  included  in  the  estimate  for  Fort  Tompkins. 
No  separate  appropriation  asked  for  this  work. 

Glacis  Mortar  Battery  {south  of  fort  on  site  of  Fort  Tonipkins)^  Staten 
Island^  New  YorJc  Harbor j  in  charge  of  Lieut  Col.  Q.  A.  OilbnorCy  Corps 
of  Engineers. — This  battery  and  its  armament  are  ready  for  service.  A 
little  work  yet  remains  to  be  done  upon  the  lamp-closets,  and  the  prin- 
cipal magazine  requires  to  be  furred  off.  No  work  was  done  during  the 
last  fiscal  year  except  cutting  the  grass  from  the  slopes. 

An  appropriation  for  next  fiscal  year  is  asked  for  in  the  estimates  nnder  the  head  of 
sea-coast  mortar  batteries. 

Battery  Hudson^  Staten  Island^  Neio  York  Harbor  ,  in  churge  of  Lieut. 
Col.  Q.  A.  Oillmorey  Corps  of  Engineers. — ^This  work  and  the  ]S^orth  Cliff 
and  South  Cliff  batteries  occupy  the  slope  between  Fort  Tompkins  and 
the  water,  and  are  able  to  bring  a  powerftd  fire  ujion  the  chamiel  lead- 
ing up  to  and  through  the  Narrows. 

During  the  last  fiscal  year  the  earthen  slopes  have  been  kept  well 
dressed  and  in  a  tolerably  good  state  of  preservation.  A  wrought-iron 
clamp  6"  by  10"  has  been  fitted  around  the  granite  pintle-block  in  the 
platform  of  ling's  counteri)oise  carriage. 

The  estimate  for  the  completion  of  this  work  contemplates  substituting 
stone  for  the  existing  wooden  i)latforms  and  the  construction  of  bonnets 
upon  the  traverses. 

Amount  (estimated)  required  for  completing  the  work,  $36,199.00 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year  /. 124,  000  00 

South  Mortar  Battery  {in  rear  of  Battery  Hudson  extension),  Staten  Island^ 
New  York  Harbor,  in  charge  of  Lieut.  Col.  Q.  A.  Oillmore,  Corps  of  Engi- 
neers.— The  work  necessary  for  the  completion  of  this  battery  consists  in 
constructing  and  laying  eight  timber  mortar-platforms  ui>on  concrete 
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fonndatioiis,  now  in  place,  in  fitting  up  the  inner  magazine  doors  and 
two  lamp-closets.    No  platfonos  are  finished. 

No  appropnation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
An  appropriation  for  next  fiscal  year  is  asked  for  in  the  estimates  under  the  head  of 
eea-coaat  mortar  batteries. 

North  Cliff  Battery j  Staten  Island^  New  York  Harbor ^  in  charge  of  Lieut 
Col  Q.  A.  Gillmarej  Corps  of  Engineers. — ^A  dry  stone  drain  sixty  feet  in 
length  was  built  in  the  rear  slope  at  the  north  end  of  the  battery,  and  a 
portion  of  the  slope  was  regraded  and  sodded. 

The  cost  of  completing  the  battery,  by  substituting  six  stone  gun-plat- 
fonns  for  those  of  timber,  constructmg  six  stone  breast-height  walls,  two 
bonnets  on  the  traverses,  lining  the  two  principal  magazines  with  timber, 
thickening  the  parapet,  and  constructing  a  rough  sea-wall  at  the  foot  of 
the  exterior  slope,  amountuig  in  the  aggregate  to  $34,700,  is  included  in 
the  estimate  for  fort  on  site  of  Fort  Tompkins. 
No  separate  appropriation  asked  for  next  fiscal  year. 

South  Cliff  Battery^  Staten  Island^  New  YorJe  harbor y  in  charge  of  Lieut 
Col.  Q.  A,  Oillmore^  Corps  of  Engineers. — ^With  the  exception  of  slight 
repairs  to  the  slopes,  cutting  the  grass,  &c.,  no  work  was  done  in  this 
hattery  during  the  past  fiscal  year  for  want  of  funds.  There  has  been 
no  change  in  the  armament  during  the  year. 

The  cost  of  completing  the  battery  in  accordance  with  the  approved 
plan,  including  the  thickening  of  the  parapet,  a  rough  sea-wall  at  the 
foot  of  the  exterior  slope,  and  wooden  linings  in  the  principal  magazines, 
amoonting  in  the  whole  to  $37,100,  is  included  in  the  estimate  for  fort 
on  site  of  Fort  Tompkins. 
Ko  separate  appropriation  is  asked  for  next  fiscal  year. 

Fort  at  Sandy  Hookj  New  Jersey^  in  charge  of  Capt  James  Mercur^ 
Carps  of  Engineers^  until  July  30, 1877 ;  since  that  date  in  charge  of  Col. 
Henry  W.  Benham^  Corps  of  Engineers. — ^One  of  the  great  objects  of  this 
work  is  to  prevent  the  occupation  of  the  lower  bay  as  an  anchorage  by 
an  enemy's  fleets. 

No  funds  having  been  available  no  work  has  been  done  upon  this  fort 
daring  the  past  year.  This  work  remains  in  the  condition  in  which  it 
has  been  for  several  years  past,  that  is,  with  the  lower  tier  of  casemates 
essentially  completed  upon  the  north,  the  east,  and  the  west  fronts, 
providing  xKXsitions  for  about  100  guns.  Some  work  has  been  executea 
for  the  protection  of  the  site  against  the  dangers  of  the  ocean  storms 
upon  the  east  of  the  fort,  and  a  sand-box  bulk-head  has  been  con- 
stmcted  here  for  nearly  1.300  feet  along  the  line  of  shore  which  connects 
the  four  or  five  jetties  in  rront,  which  it  is  hoi)ed  will  give  the  necessary 
protection  against  further  encroachment  of  the  ocean  upon  this  posi- 
tion. 

An  appropriation  for  the  needful  protection  of  the  site  is  recommended. 

So  appropriation  wan  made  for  the  fiscal  year  ending  June  30,  1879. 

ippropnatjon  anked  for  next  fiscal  year $10, 000  00 

Fort  Mifflinj  Delaware  Biver,  Pennsylvaniaj  in  charge  of  Lieut  Col.  J. 
D.  KurtZy  Corps  of  Engineers^  until  his  deathy  October  16,  1877 ;  temporor 
nb/in  charge  of  Capt  William  Ludhw.  Corps  of  Engineers^  until  Decern- 
ierl  1S77'  since  that  date  in  charge  of  Col.  J.  N.  Macomb^  Corps  of  En- 
}in^s.-^Tbia  fort  constitutes  one  of  the  inner  line  of  works  for  the  de- 
fense of  Philadelphia  and  the  naval  establishment  at  League  Island. 

Except  making  requisite  repairs  to  the  dike  on  river  front,  stone  cop- 
ing at  main  sluice,  buildings,  one  small  bridge,  water-tanks,  and  cutting 
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the  grass,  the  condition  of  the  work  remains  the  same  as  at  the  close  of 
the  previous  fiscal  year. 

No  appropriation  having  been  made  for  the  present  fiscal  year,  the 
work  wUl  continue  under  the  immediate  care  of  a  fort-keeper. 

Diuing  the  next  fiscal  year  it  is  proposed  to  construct  the  torpedo 
casemate-gallery,  complete  the  exterior  battery,  construct  battery  on  north 
face  of  demilune  and  on  south  face  main  work,  commence  construction  of 
storage-magazine  at  exterior  battery,  and  make  necessary  repairs  to  dikes, 
roads,  &c. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year * |75,  000  00 

Mortar  battery  at  Fort  Mifflin^  Delaware  River ^  Pennsylvania,  in  charge 
of  Lieut.  Col,  J.  D.  Kurtz^  Corps  of  Engineers,  until  his  deathj  October  16, 
1877 ;  temporarily  in  charge  of  Copt  William  Imdlow^  Corps  of  E)igineers^ 
until  December  1, 1877 :  since  that  date  in  charge  oj  Col.  J.  N.  Maeombj 
Corps  of  Engineers. — Work  on  this  battery  remains  suspended  for  want 
of  fiinds,  for  which  reason  no  work  is  proposed  for  the  present  fiscal 
year. 

An  appropriation  of  $20,000  for  continuing  this  work  is  included  un- 
der the  head  of  sea-coast  mortar  batteries. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 

No  separate  appropriation  asked  for  next  fiscal  year. 

Site  for  the  defenses  at  Red  Bank^  N^ew  Jersey,  in  charge  of  Lieut  CoL 
J.  D.  KurtZj  Corps  of  Engineers,  until  his  death,  October  16, 1877 ;  tetnr 
porarily  in  charge  of  Capt.  William  LudUyuD,  Corps  of  Engineers,  until 
December  1, 1877 ;  since  that  date  in  charge  of  Col.  J.  N.  Ma^comb,  Corps  of 
Engineers. — ^This  site  is  upon  the  New  Jersey  side  of  the  Delaware 
Eiver,  nearly  opposite  Fort  Mifflin,  and  is  in  care  of  a  property-keeper. 

During  the  past  year  requisite  repairs  have  been  made  to  the  dike 
along  the  Delaware  River  front  and  to  the  buildings. 

It  is  proposed  during  the  present  year  to  strengthen  tlie  dike  on  the 
Delaware  River  fix)nt  and  make  necessaiy  repairs  to  the  buildings  and 
fences,  and  exercise  the  usual  care  over  tiie  site  and  other  public  prop- 
erty. 

No  appropriation  has  yet  been  made  for  a  battery  on  this  site. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Delaware,  Delaware  River,  Delaware,  in  charge  of  Lieut.  OoL  J. 
D.  Kurtz,  Corps  of  Engineers,  until  his  death,  October  16,  1877 ;  tempo- 
rarily  in  charge  of  Capt.  William  Ludlow,  Corps  of  Engineers,  until  De- 
cember 1, 1877 ;  since  that  date  in  charge  of  Col.  J.  N.  Ma4xpmb,  Corps  of 
Engineers. — ^This  work,  situated  on  the  Pea  Patch  Island,  forms  one  of 
the  chain  of  works  constituting  the  outer  line  of  defense  for  the  Delar 
ware  River. 

Operations  during  the  year  have  been  confined  to  the  care  and  pres- 
ervation of  public  property.  Slight  repairs  have  been  made  to  the  dike 
and  to  the  southern  wharf. 

The  condition  of  the  fort  remains  about  the  same  as  last  year,  and 
there  has  been  no  change  in  armament. 

An  a})propriation  for  next  year  is  asked  to  be  applied  to  the  construc- 
tion of  a  torpedo-casemate,  to  increasing  the  thickness  of  walls  of  maga- 
zine to  jirotect  them  against  the  fire  of  modem  hea\^^  ordnance,  to  com- 
pleting the  permanent  wharf  and  the  repair  of  the  temi)oraiy  ones,  and 
to  the  repair  of  buildings,  dikes,  &c. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
Api)ropriation  asked  for  next  fiscal  year $75,000  00 
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Battery  at  Finn^s  Painty  Ikilaware  Biverj  New  Jersey j  in  charge  of  Lieut. 
CoL  J.  I),  KurtZj  Corps  of  Engineers^  until  his  deathj  October  16, 1877 ; 
temporarily  in  charge  of  Capt  William  Ludlow^  Corps  of  Engineers^  until 
December  1,  1877 ;  since  that  date  in  charge  of  CoL  J.  ^T.  Maoomby  Corps 
of  Engineers. — ^This  is  a  powerM  earthen  barbette  battery,  and  forms 
the  left  of  the  outer  Ime  of  defenses  across  the  mouth  of  the  Delaware 
River. 

The  condition  of  the  battery  remains  the  same  as  at  the  date  of  last 
report.  A  part  of  the  breast-height  wall  has  been  repointed  and  the 
revetment  above  it  has  been  reformed  and  sodded.  The  dike  on  the 
river  firont  has  been  kept  in  serviceable  condition  by  occasional  repairs. 

For  continuing  the  work  an  appropriation  is  asked  for  next  year. 

Xo  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year •  |50,000  00 

Mortar  battery  at  Finn^s  Point,  Delaware  Rivery  New  Jersey ^  in  charge 
of  Lieut.  CoL  J.  D,  Kurtz,  Corps  of  Engineers,  until  his  death,  October  16, 
1877 ;  temporarily  in  charge  of  Capt  WilUam  Ludlow,  Corps  of  Engineers, 
until  December  1,  1877 ;  since  that  date  in  charge  of  CoL  J.  y.  Maeomb, 
Corps  of  Engineers. — 'So  operations  were  carried  on  at  this  work  during 
the  past  year  for  want  of  Ainds,  and  none  are  contemplated  for  the 
present  year. 

The  searwall  8upi)orting  the  exterior  slope  has  been  damaged  by 
storms,  and  the  unfinished  embankment  has  been  washed  away  to  some 
extent 

An  appropriation  of  $25,000  to  complete  this  work  is  asked  for  under 
the  head  of  sea-coast  mortar  batteries. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  separate  appropriation  asked  for  next  fiscal  year. 

Fort  apposite  Fort  Delaware,  Delaware  shore,  in  charge  of  Lieut.  CoL 
J.  D.  Kurtz,  Corps  of  Engineers,  until  his  death,  October  16, 1877 ;  tempo- 
rarily  in  charge  of  Capt.  William  Ludlow.  Corps  of  Engineers,  until  De- 
cember 1, 1877;  since  that  date  in  charge  oj  CoL  J.  N".  Macomb,  Corps  of 
Engineers. — ^A  strong  earthen  barbette  battery,  forming  the  right  of  the 
outer  line  of  defenses  for  the  Delaware  Eiver. 

Up  to  November,  1877,  the  dike  on  the  river  front  was  kept  in  serv- 
iceable condition  by  frequent  repairs,  but  by  a  severe  storm  on  the  24tk 
of  that  month  the  top  was  entirely  swept  away,  rendering  furtlier  re- 
I>airs  useless,  short  of  rebuilding  the  top  for  nearly  the  whole  length. 

The  condition  of  the  battery  is  the  same  as  last  year,  no  work  beyond 
that  necessary  for  the  care  and  preservation  of  public  property  having 
been  done. 

For  continuing  the  construction  of  this  unfinished  work,  an  appropri- 
ation for  next  year  is  recommended. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $75,000  00 

Mortar  battery  near  Delaware  City,  Delaware,  in  charge  of  Lieut  CoL 
J.  D.  Kurtz,  Corps  of  Engineers,  until  his  death,  October  16,  1877;  tempo- 
rarily in  charge  of  Capt  WilUam  Ludlow,  Corps  of  Engineers,  until  De- 
cember 1, 1877  ;  since  that  date  in  charge  of  Col.  J.  N.  Macomb,  Corps  of 
Engineers. — No  work  has  been  done  at  this  battery  during  the  year  for 
want  of  funds. 

The  work  necessary  for  completion  consists  in  the  construction  of  the 
large  magazine  on  the  right,  the  completion  of  the  parapet  and  trav- 
erses^ and  the  building  of  six  mortar-platforms.  For  these  objects  an  ap- 
2£ 
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propris^tion  of  118,000  for  next  year  is  included  in  the  estimates  under 
the  head  of  sea-coast  mortar  batteries. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1879. 
No  separate  appropriation  asked  for  next  fiscal  year. 

Fort  McHenrTfj  Baltimore  Harbor^  Maryland,  in  charge  ofMaj.  William 
P.  Craighillj  Carps  of  BngineerSy  until  March  26, 1878;  sinee  that  date  tem- 
porarily in  charge  of  Capt  Charles  R,  Phillips^  Corps  of  Engineers, — ^This 
fort  forms  part  of  the  inner  line  of  defense  for  Baltimore  and  its  depend- 
ent interests,  and  commands,  with  its  fire,  the  interior  waters  of  the 
harbor  and  the  channel  of  approach  thereto,  in  which  latter  a  dejjth  of  24 
feet  exists  at  mean  low  water. 

Although  the  old  fort  fproper)  has  become  almost  useless  as  a  defen- 
sive work,  the  site  is  still  an  important  one,  and  tiie  water  front  should 
be  occupied  by  a  battery  of  heavy  guns,  mounted  behind  a  sand  para- 
pet of  tile  most  approved  model,  and  provided  with  bomb-proof  cover 
for  ammunition  and  gunners.  Such  a  battery  is  in  course  of  construc- 
tion, although  all  work  upon  same  has,  for  want  of  funds,  been  sus- 
pended since  July  8, 1876.  The  condition  in  which  this  battery  stood 
at  the  above  date  is  given  in  the  last  annual  report. 

There  being  no  appropriation  for  the  fiscal  year  ending  June  30, 1878, 
operations  have  been  confined  to  the  general  care  and  preservation  of 
the  work.  In  July,  1877,  the  slopes  of  the  exterior  battery  and  other 
outworks  were  carefidly  mown.  In  September,  1877,  slight  repairs  were 
made  upon  the  slate  roof  of  the  large  exterior  magazine.  In  February, 
1878,  transportation  was  afforded  for  about  7,000  bushels  of  oyster 
shells,  which  were  used  as  a  top-dressing  for .  roads  and  walks^  under 
the  direction  of  the  post  commander. 

During  the  months  of  April  and  May  last,  the  slopes  of  the  demilune 
of  main  work  were  repaired,  as  well  as  the  exterior  slope  of  the  new 
water  battery.  Thirty  square  yards  of  resodding  were  done  at  the  lat- 
ter-mentioned point,  where  a  land-slip  had  occun^.  During  May  last 
three  double  wooden  doors  for  magazines  at  main  work  were  constructed 
and  put  in  place. 

All  the  portable  property  pertaining  to  the  work  has  remained  stored 
at  Fort  Carroll. 

The  sum  of  $50,000  is  asked  for  the  next  fiscal  year,  which  amount 
would  nearly  complete  the  parapet  and  terre-plein,  including  magazines, 
but  not  the  gun-platforms,  which,  as  stated  in  previous  reports,  it  is  not 
deemed  advisable  to  put  down  until  after  the  embankments  shall  have 
become  consolidated,  on  account  of  the  unstable  nature  of  the  subsoil. 

.  No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Appropriation  asked  for  next  fiscal  year $50, 000  00 

Fort  Carrollj  Baltimore  Harbor^  Maryland^  in  charge  of  Maj.  William 
P.  Craighillj  Corps  of  Engineers^  tmtil  March  26,  1878  5  since  that  date 
temporarily  in  charge  of  Capt  Charles  B.  Phillips^  Corps  of  Engineers. — 
TThis  fort  is  situated  upon  an  exterior  line  of  defense  for  the  harbor  of 
Baltimore. 

Nothing  has  been  done  in  the  past  year  in  carrying  out  the  project  for 
its  completion,  which  contemplated  the  provision  for  three  tiers  of  guns 
in  casemates  and  one  in  barbette* 

The  sit<e  is  a  very  important  one^  and  the  delay  in  the  construction  of 
the  work  is  due  to  the  lack  of  appropriations,  and  to  the  fact  that  the 
best  method  of  arranging  such  defenses,  with  a  due  regard  to  economy, 
has  not  till  recently  l^n  determined. 

Ol)erat3ons  during  the  past  year  have  been  confined  to  the  general 
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care  and  preservation  of  the  work  and  tiie  public  property  stored  at  this 
point. 

Quite  severe  storms  ooeorred  dnringthe  months  of  Jnly^  October,  and 
]!!iOYember,  1877,  and  considerable  damage  was  done  thereby  to  the  tem- 
porary wooden  roo&  over  unfinished  casemates.  These  damages  were 
promptly  repaired  at  no  great  expense^  as  most  of  the  old  material  was 
made  use  of. 

The  storm  of  October  last  broke  up  the  wooden  cover  in  front  of  the 
la''  gun  at  angle  5-6,  and  also  removed  the  oaken  fender-pieces  at  the 
stone  wharf  at  entrance  to  fort 

The  gun-cover  was  immediately  repaired  and  the  broken  fenders  re- 
placed. 

Since  November  last  no  repairs  have  been  necessitated,  and  the  entire 
work  and  prox>erty  in  store  has  remained  secure. 

A  plan  for  the  completion  of  this  work  has  been  prepared,  which  pro- 
vides for  the  reception  of  the  heaviest  modem  rifled  guns ;  those  in  case- 
mates to  be  arranged  in  a  single  tier  behind  iron  shields,  and  those  in 
barbette  to  be  plaoed  singly  between  traverses,  behind  earthen  parai>ets. 
An  appropriation  for  the  continuation  of  the  work  according  to  tliis  plan 
is  nrgently  recommended. 

The  portable  property  belonging  to  Fort  McHenry  is  stored  at  this 
point 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year ^100, 000  00 

Obstruetions  of  the  Potomac^  in  charge  of  Maj,  William  P.  CraighiU^ 
Corpi  of  Engineers^  until  March  26, 1878 ;  aince  that  date  tentporarily  in 
charge  of  Capt  Charles  B.  PhillipSj  Corps  of  Ungineers. — The  material 
pertaining  to  these  obstructions  has  continued  in  store  at  Fort  Foote,  in 
f  harge  of  a  watchman.  The  timber  portion  of  it  has  become  very  much 
decayed,  and  is  rapidly  becoming  worthless.  The  pile  foundation  of 
the  building  in  which  these  obstructions  are  stored  was  rei)aired  in  the 
Ml  of  1876.    The  building  has  since  remained  in  very  good  condition. 

Fort  FootCj  Potomae  River^  Maryland^  in  charge  of  Maj.  William  P. 
CraighiUj  Carps  of  Engineers^  until  March  26, 1878 ;  siTice  that  date  tempo- 
rariiy  in  charge  of  Capt  Charles  B.  PhillipSj  Corps  of  Engineers. — This 
work  is  on  the  inner  line  of  defense  of  the  channel  of  approach  by  water 
to  Alexandria,  Washington,  and  Georgetown.  The  site  is  high,  com- 
manding, and  unusually  favorable. 

During  the  past  fiscal  year,  for  want  of  ftmds,  no  work  was  done  be- 
yond what  was  necessary  for  the  preservation  of  the  work  and  the  pub- 
lic property  in  store. 

Attention  is  again  urgently  called  to  the  fact  that  the  fort  in  its  pres- 
ent nnfinished  condition  is  daily  becoming  deteriorated.  To  care  for  the 
work  already  done,  the  modification  of  the  main  fort  should  be  completed 
as  soon  ba  possible. 

An  appropriation  for  this  purpose  is  very  imi)ortant. 

^o  appropriation  was  made  for  the  fiscal  year  ending  June  SiO,  1879. 

Appnpriation  asked  for  next  fiscal  year... $50,000  00 

Fort  Washington^  Potomac  Biter ^  Maryland^  in  charge  of  Maj.  William 
P.  CraighilL  Corps  of  Engineers,  until  March  26,  1878;  since  that  date 
^porarily  m  charge  of  Capt.  Charles  B.  Phillips.  Corps  of  Engineers. — 
"^fort  oocnpies  a  very  important  position  on  the  outer  line  of  defense 
^tbe  dties  of  Alexandria,  Washington,  and  Georgetown,  and  their  de- 
prndcDt  mterestB'  The  importance  of  this  site  has  been  fully  set  forth 
k  previaas  annaal  reports;  but  the  line  requires  strengthening  by  the 
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introduction  of  guns  of  the  heaviest  caliber,  for  which  the  old  fort  is  not 
well  adapted. 

A  revised  project  of  defense  for  this  site  has  been  prepared  by  the 
Board  of  Engineers  tor  Fortifications. 

As  there  has  been  no  specific  appropriation  for  this  work,  operations 
during  the  past  fiscal  year  have  been  confined  to  the  general  care  and 
preserN'ation  of  the  public  property  in  store  and  to  such  repairs  as  were 
absolutely  necessary. 

In  December,  1877,  the  slate  roofs  of  the  two  principal  magazines  in 
the  main  work  were  put  in  thorough  repair,  as  was  also  the  shingle  roof 
of  the  a^utant's  office  at  the  main  entrance. 

A  severe  storm  during  the  early  part  of  October  last  caused  consider- 
able damage  to  the  northern  face  of  the  wharf.  This  face  was  badly 
broken  up  for  a  distance  of  200  feet  and  to  about  5  teet  below  the  top  of 
the  whaif,  and  the  earth  backing  was  removed  to  a  distance  of  from  10 
to  12  feet  from  the  face. 

Subsequent  stonns  increased  the  amount  of  damage  until  it  became 
absolutely  necessary  to  make  repairs  in  order  to  preserve  the  rest  of  the 
wharf.  These  repairs  were  made  during  the  month  of  June  last,  and 
although  not  as  complete  as  desired,  were  yet  sufficient  to  check  further 
deterioration.  Eleven  hundred  and  forty-five  linear  feet  of  white-oak 
timber  were  used,  and  140  cubic  yards  of  earth  filling  were  rei)laced. 

Attention  is  again  earnestly  invited  to  the  need  of  the  appropriation 
asked  for  this  fort.  The  unfinished  portion  of  the  work  is  constantly 
suffering  deterioration  on  account  of  its  incomplete  state. 

No  appropriation  waa  made  for  the  fiscal  year  ending  June  30,  1879. 

Api)ropriation  asked  for  next  fiscal  year f50, 000  00 

Fort  Monroe^  Old  Point  Comfort^  Virginia^  temporarily  in  charge  of 
Lieut.  Col.  Q.  A.  Oilhnore,  Corps  of  Engineers. — ^This  extensive  work  oc- 
cupies an  important  position,  covering  the  approach  to  Hampton  Roads, 
the  na\'y-yani  at  Portsmouth,  and  the  James  River. 

During  the  past  fiscal  year  the  planking  of  the  bridges  across  the  moat 
on  the  north  and  east  fronts  has  been  renewed  and  slight  repairs  were 
made  to  the  breakwater  opposite  fronts  2  and  3. 

A  timber  13-inch  sea-coast  mortar  platfonn  was  laid  in  rear  of  the 
15-inch  gun  battery  in  the  salient  of  the  covered  way,  fronts  4  and  5. 

For  continuing  the  modifications  of  the  channel-bearing  faces  of  this 
work  to  adapt  them  to  the  reception  of  modern  guns  of  heavy  caliber, 
an  appropriation  for  next  year  is  recommended. 

No  ajjpropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $75, 000  00 

Artesian  well  at  Fort  Monroe^  Virginia^  temporarily  in  charge  of  Lieut. 
Col  Q.  A.  Qillmore.  Corps  of  Engineers. — No  work  was  done  during  the 
last  fiscal  year,  ana  none  is  contemplated  during  the  present  fiscal  year 
for  want  of  funds.  The  inadequate  and  uncertain  supply  of  water  at 
Fort  Monroe  is  an  evil  which,  it  is  conceded  on  all  sides,  may  at  any 
time  arise  to  serious  magnitude.  The  present  depth  of  the  well  is  about 
900  feet.  It  is  recommended  that  provision  be  made  to  increase  this 
dei)th  to  1,200,  or  even  to  1,500  feet,  before  abandoning  the  project  of 
obtaining  a  water-supply  by  this  method. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 

Appropriation  asked  for  next  fiscal  year $10,000  00 

Fort  Wooly  Hampton  Roads^  Virginiay  temporarily  in  charge  of  Lieut. 
Col.  Q.  A.  Oillmore.  Corps  of  Engineers. — This  casemated  fortification 
unites  with  Fort  Monroe  in  closing  the  passage  to  Hampton  Beads, 
crossing  its  fire  with  the  guns  of  that  fort. 
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Until  approved  projects  for  its  completion  are  devised  no  ftirther  work 
is  contemplated  than  is  necessary  to  preserve  it  from  injury.  Fifty -two 
iron-throated  casemates  of  the  first  tier  are  ready  for  gmis.  and  in  an 
emergency  several  15-inch  guns  could  be  advantageously  and  promi>tly 
mounted  in  barbette. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Jtfocon,  Beaufort  Harbor ^  North  Carolina^  in  charge  of  Lieut  Col. 
Q.  A.  Oillmorey  Corps  of  Engineers. — This  work  is  situated  at  the  mouth 
of  the  harbor,  and  defends  the  principal  entrance  thereto. 

The  subject  of  the  modification  of  this  work  is  still  under  considera- 
tion. 

During  the  past  fiscal  year  monthly  measurements  have  been  made 
of  the  i)osition  of  the  shore-line  in  the  vicinity  of  the  wharf.  These 
show  that  the  high-water  line  has  moved  in  from  100  to  150  feet  at  a 
point  a  little  north  of  east  of  the  fort  since  June,  1877,  and  between  250 
and  300  feet  since  June,  1876.  Should  this  movement  continue,  the  con- 
struction of  one  or  more  jetties  north  of  those  at  present  existing  may 
become  necessary  to  protect  the  site  of  the  fort. 

No  material  changes  have  occurred  in  the  shore-line  south  of  the  fort. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30;  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Caswell^  mouth  of  Cape  Fear  River ^  North  Carolina^  in  churge  of 
Lieut.  Col.  Q,  A.  Gillmore^  Corps  of  Engineers. — The  subject  of  the  modi- 
fication of  this  work  is  still  under  consideration. 

Its  location  is  advantageous  for  the  protection  of  one  of  the  entrances 
to  Cai>e  Fear  Eiver,  and  therefore  one  of  the  approaches  to  the  city  of 
WDmington. 

There  is  neither  armament  nor  garrison,  nor  quarters  for  a  garrison, 
at  the  place. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Fort  Moultri^  Charleston  Harbor ^  South  Carolina^  in  charge  of  Lieut. 
Col.  Q.  A.  OUlmore,  Corps  of  Engineers. — ^This  work  is  situated  on  Sulli- 
van Island,  and  defends  the  principal  entrance  to  the  harbor  of  Charles- 
ton. 

No  work  was  done  during  the  last  fiscal  year,  except  for  the  general 
preservation  and  repair  of  the  work. 

Two  15-inch  guns  are  mounted  on  timber  platforms,  and  eight  plat- 
forms, one  permanent  and  seven  timber,  are  in  readiness  for,  but  not 
occupied  by,  heavy  guns.  Two  additional  timber  platforms  for  10-inch 
guns  have  become  unserviceable  from  decay.  The  replacing  of  these 
with  two  timber  15-inch-gun  platforms,  now  on  hand,  will  complete  the 
preparations  for  arming  this  work. 

Four  mortors  are  mounted  in  rear  of  the  fort. 

Estimated  cost  of  completing  the  work  (including  bonnets  on  the 
traverses,  a  soldiers'  latrine,  and  draining  the  parade),  $89,000. 
Xo  appfopriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Appiopriation  asked  for  next  fiscal  year $50)000  CO 

Fori  Sumter^  Charleston  Harbor^  South  Carolina^  in  charge  of  Lieut. 

CoL  Q.  A.  Gillfnore^  Corps  of  Engineers. — This  work  is  located  on  a  shoal 
near  the  month  of  the  harbor,  and  its  gims,  crossing  their  fire  with  those 
of  Fort  Moultrie,  command  the  principal  channel  of  entrance  thereto. 

During  the  past  fiscal  year  an  extension,  30  feet  long  and  12J  feet  wide, 
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was  built  to  the  north  end  of  the  wharf.    "So  other  operations  were  car- 
ried on  for  want  of  funds. 

The  slopes  to  the  terre-pleins  of  the  north  and  northeast  J&onts  have 
been  badly  washed  by  heavy  storms. 

Two  15-inch  guijs  and  two  200-pounder  Parrott  rifles  are  mounted  on 
15-inch  timber  platforms,  and  one  timber  and  three  permanent  platforms 
for  heavy  guns  are  ready,  but  not  occupied.  The  replacing  of  the  two 
platforms  9  and  10,  now  occupied  by  light  guns,  by  heavy  timber  plat- 
forms would  make  the  work  ready  for  its  armament.  The  11  casemates 
on  iioi-thwest  front  are  now  ready  for  their  guns,  except  traverse^ircles. 

The  estimated  cost  of  completing  the  work  is  $82,000. 
No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
Appropriation  asked  for  next  fiscal  year |50, 000  00 

Fort  Johnson^  Charleston  Harbor ^  South  Carolina^  in  charge  of  Lieut. 
Col.  Q.  A,  OiUmorej  Corps  of  JBngineers, — ^This  fort,  situat^  on  James 
Island,  is  one  of  the  works  in  tiie  system  of  deiense  of  Charleston 
Harbor. 

No  operations  were  carried  on  at  this  work  during  the  past  fiscal  year. 
The  approved  project  for  reconstructing  this  old  work  contemplates 
making  of  it  a  battery  for  eight  pieces  of  heavy  ordnance,  four  mortars, 
and  four  guns.  Its  commencement  and  completion,  during  the  next  fis- 
cal year,  is  recommended.  Four  13-inch  mortar-platforms  are  on  hand, 
ready  to  be  laid. 

No  apx)ropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year $10,  000  00 

Castle  Finckney,  Charleston  Harbor j  South  Carolina^  in  charge  of  Lieut. 
Col.  Q.  A.  Oillmorej  Corps  of  Engineers. — ^This  work,  situated  on  an  island 
near  the  city  of  Charleston,  is  one  of  the  interior  works  in  the  system 
of  defense  of  the  harbor. 

No  oi)eration8  were  carried  on  at  this  work  during  the  past  fiscal  year. 
An  appropriation  of  $9,500  will  be  required  to  adapt  it  to  the  reception 
of  10-inch  smooth-bore  guns  or  corresponding  rifles,  to  be  mounted  in 
barbette. 

N"o  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Jaclcson^  Savannah  Bvtfer^  Oeorgia^  in  charge  of  Lieut.  Col.  Q.  A. 
Oillmorey  Corps  of  Engineers. — This  work,  situated  about  four  miles  from 
the  city  of  Savannah,  forms  the  inner  line  of  defense  for  that  city. 

^o  operations  were  carried  on  during  the  past  fiscal  year.  Five  guns 
are  in  position,  but  they  are  not  of  the  calibers  contemplated  in  the  ap- 
proved project,  and  cannot  be  efficiently  served  without  a  completion  of 
the  work.  Estimated  cost  of  completing  the  work,  including  repairs  to 
wharf,  $10,000. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1879. 
Appropriation  asked  for  next  fiscal  year 910,000  00 

Fort  Fulasld^  mouth  of  Savannah  River ^  Georgia^  in  charge  of  Lieut.  Col. 
Q.  A.  Oillmorey  Corps  of  Engineers. — ^This  is  the  principal  work  for  the 
defense  of  Savannah  on  the  outer  line  of  the  system. 

"Xo  operations  were  carried  on  at  this  work  during  the  last  fiscal  year, 
except  the  cleaning  out  of  the  drains  in  the  vicinity  of  the  fort  and  cut- 
ting the  grass  from  the  slopes.  Five  timber  platforms  are  now  in  readi- 
ness for,  but  not  occupied  by,  heavy  guns  in  the  demilune. 

Estimated  cx)st  of  completing  the  work,  including  bonnets  on  the  trav- 
erses, permanent  platforms,  and  soldiers'  latrine,  $256,000. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year (75,000  00 
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Sew  Fort  <m  Tybee  Islandy  mouth  of  Swvannah  River ^  Georgia^  in  charge 
of  Lieut,  CoL  Q,  A.  Oillmorej  Corps  of  Engineers. — Plans  for  the  defensive 
works  to  be  constmcted  on  the  north  point  of  Tybee  Island  have  been 
ccMnpleted,  and  it  ib  proposed  to  oompience  their  constraction  whenever 
fdnds  are  available. 

Estimated  cost  of  the  works,  $294,918. 
No  appropriation  for  their  eonstmotion  has  yet  been  made. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Glinehj  Amelia  IsUmA^  Florida^  vn  charge  of  Lieut  Col.  Q.  A.  Oill- 
morcj  Corps  of  Engineers. — ^This  work  defends  the  entrance  into  Cumber- 
land Sound,  and  is  in  an  unfinished  condition. 

No  operations  have  been  carried  on  during  the  year,  the  project  for 
the  modification  of  the  work  being  stiU  under  consideration. 
No  appropTiation  was  made  for  the  fiscal  y^ar  ending  June  30, 1879. 
No  ^propriation  aaked  for  next  fiscal  year. 

Fort  Marion^  Saint  Augustiney  Fla.j  in  charge  of  Lieut.  CoL  Q.  A.  €Hll- 
morcj  Corps  of  Engineers. — ^This  work  defends  the  harbor  and  city  of 
Saint  Augustine. 

Fort  Marion  was  built  by  the  Spaniards,  and  was  called  by  them  Fort 
Saint  Mark.  It  was  essentially  completed  in  the  year  1750,  its  process 
of  eonstniiction  having  extended  through  a  period  of  more  than  one  hun- 
dred years.  It  is  bmlt  of  coquina — a  natural  shell-concrete  found  in 
the  viVinity.  No  money  has  been  expended  by  the  United  States  for  the 
maintenance  of  the  work,  or  in  arresting  the  progress  of  ordinary  dete- 
rioration and  decay,  for  the  reason,  doubtless,  that  the  water-battery, 
constructed  in  1842-'43,  will,  if  suitably  armed,  furnish  a  sufficient  de- 
fense for  this  locality. 

Should  it  be  desired  to  restore  old  Fort  Saint  Mark— both  main 
work  and  demilune— to  the  condition,  substantially,  in  which  it  was  left 
by  the  Spaniards^  it  can  be  done,  so  far  as  it  is  possible  to  attain  this 
object,  and  omittmg  all  preparations  for  an  armament,  for  fix)m  $10,000 
to  $12,000. 

Ko  appropriation  is  asked  for  this  work. 

Fort  Taylor  and  batterieSy  Key  West^  Florida^  in  charge  of  Capt  W.  H. 
Heuery  Corps  of  Engineers. — ^This  work  is  for  the  defense  of  the  impor- 
tant harbor  of  Key  West. 

During  the  past  fiscal  year,  operations  were  restricted  to  caring  for  the 
public  property  and  buildings. 

For  certain  necessary  repairs  to  the  main  work  and  buildings,  for 
repairing  bridge  connecting  the  fort  with  the  island  of  Key  West,  and 
for  continuing  the  construction  of  the  exterior  batteries  for  modern  guns 
of  large  caliber,  an  appropriation  is  recommended. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  aeked  for  next  fiscal  year 1^5, 000  00 

Fort  Jefferson^  Garden  Key^  TortugaSj  Floriday  in  charge  of  Capt.  W.  JET. 

ffetteTf  Carps  of  Engineers. — ^The  guns  of  this  work  perfectly  command 

tie  admirable  harbor  lying  in  the  heart  of  this  group  of  keys. 

Daring  the  year  the  quarters  and  barracks  within  the  fort  were 

repaired    kitchens  reroofed,  sewers   cleaned,  and  bridge  over  ditch 

rebuilt  '  The  embrasures  were  all  scraped  and  painted. 

For  needftd  repairs  to  the  work  an  appropriation  for  next  year  is  rec- 
omioeaded.  ,  *   « 

.,  .„x^rt„  ^vraB  made  for  fiscal  year  ending  June  30,  1879. 
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Fort  Pickens^  Pensiwola  ffarbor^  FUmdaAn  charge  of  Capt  A.  If.  Dam- 
rell^  Corps  of  Engineers. — ^This  work,  with  Fort  Barrancas,  and  the  pro- 
posed new  batteries  near  the  site  of  Fort  McBee,  constitute  the  defenses 
to  the  town  and  harbor  of  Pensacola,  and  to  the  navy-yard  at  War- 
rington. 

Operations  during  the  year  were  confined  to  necessary  repairs  of 
buildings  and  slight  repairs  to  wharf  damaged  by  a  storm  in  October, 
1877. 

The  condition  of  the  fort  is  the  same  as  at  the  date  of  last  annual 
report. 

Operations  during  the  present  fiscal  year  will  be  confined  to  ordinary 
repau's,  and  care  and  preservation  of  public  property. 

No  appropriation  wae  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year ^-...  $75,000  00 

Fort  Barranccis  and  redoubt^enso/oola  Harbor^  Florida,  in  charge  of 
Capt.  A.  N.  Damrellj  Corps  of  Fngineers. — 'No  changes  have  been  made 
in  this  work  during  the  last  fiscal  year,  with  the  exception  of  repairs  to 
bridge  and  stairs  in  the  fort. 

1^0  appropriation  was  made  for  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  McRee,  Pensacola  Harbor,  Florida,  in  charge  of  Capt.  A.  W.  JDam- 
rell,  Corps  of  Engineers. — ^The  greater  portion  of  this  fort  has  been  since 
the  war  a  ruin,  having  been  thrown  down  by  the  encroachment  of  the 
sea.  All  property  worth  moving  has  been  transferred  to  Port  Pickens, 
Florid^. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1879. 

Appropiiation  asked  for  next  fiscal  year |50, 000  00 

Fort  Morgan,  eastern  entrance  to  Mobile  Bay,  Alabama,  in  charge  of  Capt. 
A.  If.  Bamrell,  Corps  of  Engineers. — This  work,  with  Fort  Gaines  on  the 
western  side  of  tiie  entrance,  forms  the  outer  line  of  defense  to  the  harbor 
and  city  of  Mobile. 

The  extension  of  the  sea-wall,  referred  to  in  last  annual  report,  was 
completed  March  13, 1878.  It  is  750  feet  long.  In  its  construction  1,125 
cubic  yards  of  concrete  and  592  cubic  yards  of  brick  masonry  were  re- 
quired; 1,477  cubic  yards  of  sand  were  excavated  from  the  foundation, 
and  7,500  cubic  yards  of  sand  were  hauled  for  back-filling.  The  amount 
of  work,  and  consequentiy  the  cost,  were  considerably  increased  by  dam- 
age done  by  a  hurricane  on  the  1st  and  2d  of  October. 

The  quarters  required  for  use  were  repaired  and  painted.  The  boat- 
house,  destroyed  by  the  October  storm,  was  rebuilt.  Two  brick  cisterns 
with  capacity  of  7,300  gallons  each,  for  supplying  workmen  with  good 
water,  were  built,  one  at  each  end  of  the  mess-hall,  and  the  necessary 
conductors  put  upon  the  building. 

No  special  appropriation  having  been  made  for  this  fort  for  the  next 
fiscal  year,  operations  will  be  confined  to  ordinary  repairs  to  fort,  build- 
ings, and  wharf,  and  care  of  public  i)roperty. 

For  modification  of  the  work  to  admit  of  the  mounting  of  modem, 
heavy  ordnance  an  api>ropriation  is  asked  for  next  year. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year J75, 000  00 

Fort  Oaines,  Dauphin  Island,  Mobile  Bay,  Alabama^  in  charge  of  Capt. 
A.  y.  Damrell,  Corps  of  Engineers. — Operations  durmg  the  year  were 
confined  to  necessary  repairs  to  quarters.. 

The  condition  of  this  fort  is  the  same  as  at  the  date  of  last  annual 
report. 
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For  modifying  this  work  to  adapt  it  to  a  heavier  armament  than  can 
now  be  mounted,  an  appropriation  for  next  year  is  recommended. 

No  ap|iropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1879. 

Appropriation  a^ed  for  next  fiscal  year 150,000  00 

Fort  an  Ship  Island^  ooMt  of  MUsissippi,  in  charge  of  Capt  A.  iT.  Bam- 
reUj  Corps  of  Engineerg. — ^This  work  affords  shelter  to  light-draught  ves- 
sels moving  in  Mississippi  Sound. 

Operations  during  the  year  hate  been  confined  to  necessary  repairs  of 
buildings. 

The  condition  of  this  fort  is  the  same  as  at  the  date  of  last  annual 
report. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30,  1879. 
Ko  appropriation  asked  for  next  fiscal  year. 

Fort  Pikej  Bigolets  Pass^  Lomsiana^  in  charge  of  Capt  G.  W.  Howell^ 
Corps  of  Engineers, — ^This  work  commands  the  passage  by  vessels  draw- 
ing 7  feet  or  less  tlirough  the  Bigolets  into  Lake  Pontchartrain,  and  to 
the  wharves  on  the  lake  front  of  New  Orleans. 

Duriug  the  past  fiscal  year  oi)erations  were  confined  to  care  and  pre- 
servation of  the  work. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Macomb.  Chef  Menteur  Fassy  Louisiana,  in  charge  of  Capt.  0.  W. 
Hbtcellj  Corpse/ Engineers. — ^This  work  commands  the  passage  by  vessds 
drawing  4^  feet  or  less  through  the  Bayou  Chef  Menteur  into  Lake  Pont* 
chartrain,  and  the  road  along  Gentilly  Bidge,  to  the  city  of  New  Orleans. 

No  work  was  done  during  the  past  fiscal  year. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 
No  appropriation  asked  for  next  fiscal  year. 

Tower  ]>upr(j  Lake  Borgne,  Louisiana,  in  charge  of  Capt.  C.  W.  How- 
ellj  Corps  of  Engineers. — ^This  old  work  is  situated  at  the  entrance  ot 
Bayou  Dupr^  into  Lake  Borgne. 

No  work  was  done  during  the  past  fiscal  year. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Battery  Bienvenne,  Lake  Borgne,  Louisiana,  in  charge  of  Capt.  C.  W. 
Howell,  Corps  of  Engineers. — ^TMs  battery  is  situated  at  the  junction  of 
two  branches  of  the  Bayou  Bienvenue,  about  tiiree  miles  fix)m  its  mouth. 

No  work  was  done  during  the  year. 

Ko  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Tower  at  Proctorsville,  Lake  Borgne,  Louisiana,  in  charge  of  Capt.  C. 
W.  Howell,  Corps  of  Engineers. — ^No  work  was  done  duriug  the  past  fis- 
cal year. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  Jaiikson,  Mississippi  River,  Louisiana,  in  charge  of  Capt.  C.  W. 
Howell,  Corps  of  Engineers. — This  work  aud  Fort  Saint  Philip,  nearly 
opposite^  are  situated  on  the  Mississippi  Eiver,  about  65  miles  below  New 
Orleans,  and  are  the  most  important  of  those  guarding  the  approaches 
to  New  Orleans. 

During  tiie  past  fiscal  year  operations  were  confined  to  the  care  and 
preservation  of  the  work. 

For  needful  repairs  to  the  work,  and  for  continuing  preparations  for 
mounting  an  armament  of  heavier  caliber,  an  appropriation  is  asked. 
Xo  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1879. 
Appropriation,  asked  for  next  fiscal  year ^,000  00 
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Fort  Saint  Philip^  Mississippi  Biver^  LouisianOj  in  charge  of  Capt.  C. 
W.  Howell^  Corps  of  Engineers. — ^o  work  was  done  during  the  past 
fiscal  year  beyond  that  necessary  for  the  care  and  preservation  of  the 
work 

For  needful  repairs  to  the  main  work  and  the  exterior  batteries  of 
heavy  guns  an  appropriation  is  recommended. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 

'Appropriation  asked  for  next  fiscal  year |25, 000  00 

Fort  Livingston^  Barataria  Bay^  Louisiana^  in  charge  of  Capt  C,  W. 
SoweU,  Corps  of  Fngineers, — ^This  barbette  work  is  situated  on  tlie  west- 
em  end  of  Grand  Terre  Island,  at  the  entrance  to  Barataria  Bay.  It 
guards  the  only  approach  to  New  Orleans  by  vessels  drawing  7  feet  or 
less,  available  on  the  west  side  of  the  Mississippi  Eiver.  It  also  secures 
a  safe  anchorage  and  harbor  of  refuge  for  oqr  light-draught  coasters  in 
time  of  war. 

Operations  during  the  past  fiscal  year  were  con&ned  to  a  few  slight 
repairs  necessary  for  preservation  of  the  buildings. 

-No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1879. 
No  appropriation  asked  for  next  fiscal  year. 

Fort  at  Fort  PointjCntrance  to  San  Francisco  HarboTjCdlifomiaj  in 
charge  of  Lieut  Col,  C.  S.  Stewart^  Corps  of  Engineers. — ^This  important 
work,  with  its  exterior  barbette  batteries  for  heavy  guns,  forms  the  de- 
fense of  the  south  side  of  the  Golden  Oate,  the  entrance  to  San  Frau- 
oisco  Harbor. 

.  The  work  has  been  in  charge  of  watchmen*  Only  such  labor  has  been 
expended  as  was  necessary  for  repairs. 

To  put  the  exterior  batteries  for  heavy  guns  in  condition  to  receive 
their  armament  and  to  make  needful  repairs,  an  appropriation  is  recom- 
mended. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30,  1879. 

Appropriation  asked  for  next  fiscal  year |100,000  00 

Fort  at  Lime  Pointy  S^n  Francisco  Harbor^jOalifomia^  in  charge  of  Maj. 
George  H.  MendeU^  Corps  of  Engineers. — ^This  fort,  and  its  detached 
earthen  barbette  works  at  Point  Cavallo,  Lime  Point  Kidge,  and  Gravelly 
Beach,  constitute  the  defenses  of  the  entrance  to  the  harbor  of  San  Fran- 
cisco on  the  northern  shore  of  the  Golden  Gate. 

'  Tlie  works  and  public  property  have  been  under  the  charge  of  keepers 
throughout  the  year.  !No  construction  was  in  progress,  aU  operations 
being  suspended  for  want  of  funds.  No  changes  have  taken  place  either 
in  number  of  platforms  or  in  armament. 

The  batteries,  including  parapets,  magazines,  and  platforms,  remain  in 
good  condition  and  have  been  well  cared  for. 

In  order  to  complete  the  works  as  projected,  and  to  include  the  rebuild- 
ing of  the  wharf  and  wooden  reservoir-tank,  and  repairs  of  steamer,  the 
sum  of  $100,000  will  be  required,  $80,000  of  which  can  be  profitably  ex- 
pended in  the  year  ending  June  30, 1880. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 

Appropriation  asked  for  next  fiscal  year |80, 000  00 

Fort  on  Alcatraz  Island,  San  Francisco  Harbor,  California,  in  cJiarge  of 
Maj.  Oeorge  S.  Mendell,  Corps  of  Engineers. — This  work  occupies  a  valu- 
able position  for  the  defense  of  the  entrance  to,  and  the  inner  waters  of, 
the  harbor  of  San  Francisco,  covering  the  whole  of  a  rocky  island,  the 
shores  of  which  rise  abruptly  from  the  water  to  a  height  sufficient  to  se« 
cure  it  from  surprise.  The  fortifications  have,  from  their  inception,  con* 
«isted  chiefly  of  open  "barbette  batteries  for  the  heaviest  guns. 
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A  keeper  was  in  charge  of  the  works  and  public  property  throughout 
the  year.  No  construction  or  other  operations  were  carried  on  during 
the  year  except  such  repairs  as  were  essential  for  the  preservation  of  the 
works.  These  repairs  were  applied  mainly  to  the  wharf  and  in  painting 
embrasure-irons,  boat,  and  othor  articles  which  required  it.  The  condi- 
tion of  the  works  remains  good.  No  changes  took  place  during  the  year 
eitiier  in  the  number  of  platforms  or  in  the  armament.  The  severe  storms 
of  the  winter  did  a  little  damage  to  the  wharf,  and  some  to  the  slopes  in 
seAeral  places. 

The  operations  of  the  coming  year  will  be  confined  to  such  repairs  as 
the  keeper  can  make. 

For  continuing  the  construction  of  the  batteries  in  accordance  with 
the  existing  project  an  appropriation  is  reconunended. 

No  appropriation  was  made  for  the  fiscal  year  ending  June  30, 1879. 

Appropriation  asked  for  next  fiscal  year (50^000  00 

Batteries  nt  Point  San  JosSj  San  FraateUco  Sarbov\  Calif omiaj  in  charge 
of  Lieut.  Gelf-G^  8%  StewaH^  Corps  of  Engineers. — ^Miese  temporary  bat- 
teries are  unserviceable.  The  timber  platforms  and  the  wood-work  of 
the  magazines  are  decayed  and  falling  to  pieces.  !No  work  has  been 
done  during  the  past  fiscal  year,  and  none  is  contemplated  during  the 
present  year  unless  repairs  necessary  for  piractice  firing. 

I^ects  for  new  batteries  f<»r  the  occupation  of  this  important  point 
in  tiie  second  line  of  defense  for  the  bay  and  harbor  of  San  Francisco 
have  been  prepared. 

Batteries  on  Angel  Islafidy  San  Francisco  Barbory  California^  in  charge  of 
Lieut.  Col.  C.  8.  Stewart^  Corps  of  Engineers. — ^These  three  temporary  earth- 
works, constructed  during  the  late  war.  are  essentially  unserviceable. 
The  platforms  are  decayed,  and  most  oi  the  carriages  have  been  con- 
demned. !No  expenditures  have  been  made  and  none  are  at  present  con- 
templated. 

Projects  for  open  batteries  for  heavy  guns  and  mortars  to  occupy  points 
bearing  upon  the  channels  leading  to  the  upper  portion  of  the  bay  and 
the  navy-yard  at  Mare  Island  have  been  made  by  the  Board  of  Engineers 
for  Fortifications. 

Fort  at  San  IHegOy  California^  in  charge  of  Lieut  Col.  0.  S*  Stewart^ 
Corps  of  Engineers. — ^This  work  is  situated  on  Ballast  Poiut,  near  the 
mouth  of  the  bay  and  harbor  of  San  Diego,  and  commands  the  channel 
of  entrance  thereto.  It  has  been  in  charge  of  a  watchman.  The  public 
buildings  and  prox)erty  are  in  good  condition. 

To  continue  the  construction  of  the  barbette  battery,  no  part  of  which 
is  in  condition  to  receive  an  armament,  an  appropriation  is  recommended. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jane  30,  1879. 

Appropriation  asked  for  next  fiscal  year (70,000  00 

Defenses  at  the  mouth  of  the  Columbia  River y  Oregon^  in  charge  ofMaj. 
John  M.  Wilsonj.Corps  ofEngineers. — The  defenses  consist  of  Fort  Stevens, 
Point  Adams,  Oregon,  on  the  south  side^  and  Fort  Canby,  Cai)e  Hancock, 
Washington  Territory,  on  the  north  side  of  the  entrance  to  the  river. 
These  works  are  earthen  barbette  batteries,  and  constitute  the  only  de- 
fenses of  the  month  of  the  Columbia  Eiver. 

Fort  Canby. — ^The  three  batteries  require  extensive  repairs;  two  of 
the  service  magazines  are  entirely  in  ruins,  and  the  third  is  not  in  good 
order;  the  wooden  revetments  and  platforms  are  rapidly  decaying;  the 
roads  leading  to  the  batteries  are  in  bad  condition.  No  work,  except 
that  of  painting  the  main  magazine,  has  been  done  during  the  past  year 
for  wantof  ftods. 
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Fort  Stevens, — ^All  the  platforms,  except  that  of  the  16-inch  gim,  are 
badly  decayed,  and  should  be  renewed ;  the  drainage  of  the  ditch  re- 
qmres  attention,  and  the  revetment  of  the  sally-x)ort  is  in  bad  condition. 
JDuring  the  past  year  minor  repairs  have  been  made  to  the  platforms  and 
to  the  bridge  across  the  moat  at  the  sally-port. 

A  new  revetment  of  brash  and  stone  and  several  small  wing-dams 
have  been  constructed  along  the  shore  of  Point  Adams  to  i>reserve  the 
site  of  Fort  Stevens,  upon  which  the  sea  has  been  rapidly  encroaching. 
This  work  has  saved  the  fort  from  being  undermined,  but  the  forces 
brought  to  bear  at  this  locality  are  so  great  that  it  impossible  to  tell  what 
may  occur  during  the  next  winter. 

Surveys  have  been  made  of  Point  Adams,  Clatsop  Spit,  and  the  Swash 
Channel,  and  charts  prepared. 

To  put  these  works  in  good  condition  for  defense,  an  appropriation  is 
asked  fornext  year. 

No  appropriation  was  made  for  the  fiscal  year  ending  Jnne  30, 1879. 

Appropriation  asked  for  next  fiscal  year |30,000  00 

BOARDS  OFENGINEERS. 

The  Board  ^  I/ngin0er8  for  FortifieationSy  stationed  in  New  York  City, 
consisting  of  Col.  J.  G.  Barnard,  Col  Z.  B.  Tower,  and  Lieut.  Col.  H.  G. 
Wright,  and,  for  the  time  being,  the  officer  in  charge  of  the  defenses  un- 
der consideration,  has,  during  the  past  fiscal  year,  been  chiefly  engaged 
upon  question  of  constructing  permanent  shot-beds  in  Fort  Pickens  at  the 
present  time ;  upon  inquiry  of  the  Secretary  of  the  Interior  as  to  what  part 
of  Dry  Tortugas  and  other  islands  of  the  Florida  Eeef,  reserved  by  order 
of  the  President  on  the  17th  of  September,  1841,  are  no  longer  required 
for  military  purposes  f  upon  the  necessity  of  retaining  sites  for  defensive 
works,  &c.,  and  light-houses  in  Mobile  Bay ;  Mississippi  Sound ;  Amelia 
Island  ^  Tampa  Bay ;  Batton  Island ;  Saint  John's  Elver ;  Charlotte  Har- 
bor; Sea  Horse,  North  and  Snake  keys;  Crooked  Island,  Saint  Andrew's 
Bay ;  Flag,  Dog,  and  Saint  George's  islands.  Saint  George's  Sound ;  Saint 
Joseph's  Bay;  entrance  to  Santa  Eosa  Sound;  and  other  reservations 
on  the  coasts  of  Louisiana,  Mississippi,  Alabama,  and  Florida :  ui>on  sub- 
ject of  preservation  of  site  of  Fort  Hale,  New  Haven  Harbor,  Connecti- 
cut ;  upon  present  condition  of  the  fort  and  recommendations  concerning 
maintenance  of  present  work  until  a  permanent  structure  for  the  de- 
fense of  that  harbor  is  provided ;  upon  present  value  of  the  site  of  Tower 
Dupr6,  Louisiana,  as  a  military  position  for  the  defense  of  New  Or- 
leans and  vicinity ;  upon  inspection  of  Fort  McHeniy  reservation  and. 
the  subject  of  relinquishing  to  certain  citizens  of  Balttmore,  Md.,  a  por- 
tion of  that  tract  for  the  purposes  of  a  dry-dock ;  upon  invention  of 
Mr.  W.  H.  Hubbell  of  a  "self  acting-torpedo,  or  navy  destroyer";  sub- 
mitting detailed  drawings  showing  modifications  proposed  by  Board  to 
convert  the  casemates  of  three  of  the  fronts  of  Fort  Schuyler,  New  York 
Harbor,  to  admit  guns  of  the  power  of  modem  80  or  100  ton  rifles,  be- 
hind shields  of  iron,  with  estimate  of  cost  of  same ;  submitting  project 
Sot  expenditure  of  appropriation  for  torpedo  purposes  for  ensuing  flscal 
year;  submitting  detailed  drawings  exhibiting  defenses  designed  tor 
Galveston  Harbor,  Texas,  with  estimates  of  cost;  submitting  drawings 
exhibiting  details  of  modiflcations  proposed  at  Fort  Carroll,  Maryland,  to 
adapt  its  casemates  to  receive  guns  of  the  power  of  the  modern  80  or 
100  ton  rifle-gun,  and  providing  for  iron  shields  in  front  to  enable  them 
to  resist  an  enemy's  projectiles  flred  from  guns  of  like  character,  and  to 
arrange  the  barbette  tier  to  receive  the  15-inch  smooth-bore  or  12- 
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inch  rifle  gun,  ^th  estimates  of  cost  of  same;  presenting  plans  of 
gun  and  mortar  batteries  on  Cow  Island  and  Great  Hog  Island,  to  con- 
trol the  entrance  by  way  of  Hussey's  Sound  into  Casco  Bay  and  Port- 
land Harbor,  Maine,  with  estimates  of  cost  of  same ;  upon  Mr.  John 
Ridel's  ^^  gondola  life-boat  and  raft,''  which  he  proposes  to  adapt  to 
military  purposes  in  mo\dng  troops  across  rivers.  &c.;  submitting  plans 
showing  proposed  modification  of  the  South  Bluft  Battery  at  Fort  Wash- 
ington, Potomac  Biver,  Maryland,  and  for  constniction,  as  far  as  de- 
termined upon  at  this  time,  of  new  batteries;  in  reply  to  inquiry  of 
the  Chief  of  Ordnance  as  to  the  dimensions  of  the  embrasures  of  our 
permament  works,  with  a  view  to  the  determination  of  casemate  carriages 
therefor. 

During  the  year  the  board  has  also  continued  the  consideration  of  the 
subject  of  redoubts  or  keeps  for  the  defense  of  the  numerous  isolated 
batteries  already  designed,  when  too  distant  from  the  main  works  to 
receive  adequate  support  from  the  latter. 

Plans  for  the  modification  of  Fort  Clinch,  Fla.,  are  completed,  but 
.withheld  for  revision  and  consideration  of  the  subject  of  exterior  bat- 
teries. 

The  study  of  the  defense  of  San  Francisco  Harbor  by  means  of  torpe- 
does has  been  continued  during  the  year. 

The  questions  involved  in  the  gradual  deterioration  of  the  Delaware 
breakwater  harbor  have  receiv^  the  attention  of  the  board,  its  final 
action  being  deferred  to  enable  further  necessary  surveys  and  current 
observations  to  be  made  by  the  local  engineer. 

The  location  of  the  10-gun  battery  at  Fort  Washington  is  yet  unde- 
termined and  will  require  a  personal  examination  of  the  ground. 

The  question  of  the  occupation  of  ^^The  Dumplings,"  on  Conanicut 
Island,  opposite  Fort  Adams,  B.  I.,  and  the  plans  for  the  modification 
of  Fort  Knox  and  its  exterior  batteries,  are  as  yet  imdetermined. 

The  foregoing  account  of  the  recent  labors  of  the  board,  considered  in 
connection  with  the  review  embodied  in  its  last  annual  report  of  its  work 
for  the  ten  ye^rs  previous  and  of  the  present  status  of  the  system  of  coast 
and  harbor  defense,  shows  that  a  very  important  class  of  questions  are 
yet  demanding  study. 

The  plans  prepared  for  Forts  Lafayette,  Schuyler,  and  Carroll  are  but 
the  initiation  of  like  study  in  the  category  of  important  works  requir- 
ioi^  analogous  modifications.  Former  reports  of  the  board  have  shown 
that  the  exigencies  of  the  case  when,  after  the  war,  regular  work  on  our 
coast  defenses  was  resumed,  required  the  Engineer  Department  to  con- 
fine its  operations  mainly  to  the  development  of  new  earthen  battx'ries 
and  the  improvement  of  the  barbette  batteries  of  existing  masoiuy 
works,  rather 'than  to  altering  the  works  themselves. 

What  sncb  alterations  shall  consist  in  must  now  be  considered,  and  in 

case  of  the  three  works  just  mentioned,  has  been  in  a  tentative  way  solved. 

Of  the  first-class  works  yet  to  be  considered  may  be  mentioned  the  fort 

at  Sandy  Hook ;  Fort  Wadsworth,  Staten  Island  ("Narrows"  approach 

to  Sew  York) ;  fort  at  Willets  Point,  opposite  Fort  Schuyler  (Bast  Biver 

Bppwaeh  to  New  York) ;  Fort  Delaware,  Delaware  Bay  (approach  to 

Phifadelphia);  Fort  Wool,  Hampton  Beads  (approach  to  ^Norfolk  and 

James  Biver);  Fort  Taylor,  harbor  of  Key  West,  Fla. ;  Fort  Jefferson, 

iarbor  of  the  Dry  Tortugas;  the  fort  at  Fort  Point,  Golden  Gate,  Cali- 

tmm,  entrsmee  to  San  Francisco  Bay. 

For  the  propoeed  fort  on  Lune  Point,  the  substitution  of  open  earthen 
latteries  at  neigbboring  localities  has  oeen  resorted  to.    The  question 
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stOl  remains  oi>en  as  to  its  constraction  and  design,  the  plans  originally 
made  for  it  being  no  longer  applicable. 

Fort  Morgan,  entrance  to  Mobile  Bay,  and  Forts  Jackson  and  Saint 
Philip,  on  the  Mississippi,  below  Kew  Orleans,  also  require  attention. 

The  same  may  be  said  in  relation  to  a  class  of  minor  works,  such  as 
Fort  Washington,  Potomac  River,  Maryland  j  Fort  Caswell,  N.  C,  mouth 
of  the  Cape  Fear  River,  and  others. 

TORPEDO   DEFENSE. 

The  work  of  the  board  in  this  connection,  for  which  special  duty  Maj. 
H.  L.  Abbot,  in  charge  of  the  torpedo  school  at  WiUets  Point,  is  a  mem- 
ber, is  exhibited  as  follows : 

TORPEDO  TRIALS. 

The  trials  inaugurated  in  1869  to  develop  the  best  system  of  torpedo 
defense  for  our  harbors  and  navigable  channels,  have  been  steadily  prose- 
cuted as  heretofore,  the  labor  l^ing  supplied  by  the  engineer  troops  at 
WiUets  Point.  The  following  is  a  brief  summary  of  the  results  attained 
during  the  past  year : 

Submerged  ring, — ^Fifty  shots  have  been  fired  to  obtain  data  upon  the 
following  points : 

1st.  The  possible  detonation  of  gunpowder. 

2d.  The  practical  value  of  certain  picrate  com^iounds. 

3d.  The  effect  upon  the  intensity  of  the  diock  produced  by  motion 
communicated  to  the  object  receiving  the  blow. 

4th.  The  completion  of  the  data  designed  for  a  general  mathematical 
discussion  of  the  laws  governing  the  transmission  of  the  shock  through 
the  fluid.    The  conclusions  reached  are  the  following : 

Within  the  limits  of  actual  service  no  advantage  can  be  derived  from 
attempts  to  cause  the  detonation  of  gunpowder  in  torpedo-cases. 

The  picrate  compounds  are  far  inferior  to  dynamite  as  an  explosive 
for  use  in  submarine  mining. 

Lack  of  stability  in  the  object  receiving  the  shock  enormously  reduces 
the  normal  effect  produced  by  the  explosion ;  not  exceeding  15  per  cent, 
being  utilized  under  certain  conditions. 

A  final  mathematical  analysis  of  the  mass  of  data  bearing  upon  the 
laws  governing  the  transmission  of  the  shock  through  the  fluid  has  been 
made  by  Mi\jor  Abbot,  and  he  has  submitted  formulse  based  upon  about 
160  explosions,  giving  over  1,400  independent  measurements  upon  dy- 
namite acting  upon  rigidly-held  gauges.  Within  the  limits  of  measure- 
ments, which  range  from  one-fourth  of  a  pound  to  200  pounds,  and  from 
1  foot  to  80  feet,  the  accordance  between  the  formulsB  and  the  data  is 
surprising,  considering  the  difiSeulty  of  the  investigation. 

Torpedo  target. — ^The  series  of  experiments  with  tiiis  target  which  was 
designed  to  represent  a  section  from  the  bottom  of  a  first-class  ship-of- 
war  of  the  present  dsbjj  have  been  brought  to  a  successfrQ  conclusion. 
Ten  shots  in  all  have  been  fired,  the  results  furnishing,  to  a  degree,  the 
information  for  which  it  was  constructed. 

Torpedo  cowes.^-A  marked  improvement  has  been  made  in  the  pattern 
adopted  for  tiiie  ground  torpedo.  The  new  form  is  a  segment  of  a  sphere, 
of  which  the  height  is  two-thirds  of  the  radius.  It  is  made  of  oast  iron 
0.7  of  an  inch  thick,  with  strong  internal  flanges.  Experiment  has  shown 
that  it  vrill  resist  tne  explosion  of  a  neighbor  at  a  horizontal  distance  of 
60  feet. 

The  adopted  form  of  the  buoyant  torpedo  is  spherical^  32  inches  in 
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diameter.  In  strong  corrents  and  deep  water  this  lacks  the  needful 
buoyancy.  As  larger  sizes  are  rarely  required,  and  as  the  cost  rapidly 
increases  with  the  radius,  trials  have  been  made  with  a  new  type  in  which 
the  desired  buoyancy  is  given  by  uniting  spherical  ends  by  a  cylindrical 
middle.  Sizes  corresponding  in  buoyancy  to  a  43-inch  and  a  46-inch 
spherical  case  have  been  adopted,  after  having  resisted  the  explosion  of 
a  neighbor  at  a  horizontal  distance  of  40  feet.  Torpedoes  of  this  pat- 
tern are  now  constructing  for  use  at  the  Narrows  of  New  York  Harbor. 

To  test  the  endurance  of  torpexioes  under  exi)osure  to  salt  water,  waves, 
&c.,  one  was  planted  in  the  channel  off  Willets  Point  in  August,  1874. 
It  is  now  entirely  serviceable  after  a  lapse  of  nearly  four  years.  The 
wire  mooring-rope  is  the  only  part  which  has  needed  renewal  during  this 
period. 

Circuit  closers. — ^Major  Abbot  has  devised  an  inexi)en8ive  addition  to 
the  adopted  pattern  which  has  obviated  its  only  fault,  the  necessity  for 
the  use  of  electricity  of  high  potential  for  firing  at  will.  The  new  im- 
provement leaves  nothing  to  be  desired  in  this  apparatus. 

The  telephcne. — Experiments  have  been  made  to  determine  the  value 
of  this  new  invention  for  the  torpedo  service,  and  a  form  has  been  pro- 
visionally adopted  which  supplies  a  useful  purpose  in  the  system  pre- 
ferred for  tracking  the  course  of  a  hostile  vessel  attempting  to  pass  the 
forts  guarding  a  channel. 

BEOOMMENDATIONS. 

The  new  laboratory  at  Willets  Point  has  been  completed  and  is  now 
occupied.  The  proof-edition  of  the  Torpedo  Manual  prepared  by  Major 
Abbot,  is  finished  and  is  in  use  in  the  instruction  oi  the  troops.  These 
facts  give  increased  weight  to  the  recommendations  of  the  board  hereto- 
fore made,  that  the  number  of  engineer  soldiers  kept  under  instruction 
in  the  practical  duties  of  applying  the  torpedo  system  to  the  defense  of 
our  harbors  should  be  increased  to  a  minimum  of  520  men.  At  pres- 
ent less  than  150  instructed  men  are  available  for  defending  the  whole 
of  our  extended  coast. 

The  board  also  renews  its  recommendation  of  last  year,  that  a  sx>ecial 
appropriation  be  asked  for  preparing  our  more  lmx)ortant  forts  for  oper- 
ating submarine  mines.  An  appropriation  of  $100,000  would  do  much 
to  remove  this  serious  defect  in  the  existing  works,  which  would  be  fatal 
to  their  efficiency  in  case  of  a  sudden  war  with  a  maritime  power. 

The  board  also  recommends  that  an  appropriation  of  $100,000  be  asked 
for  continuing  the  purchase  of  torpedo  materials,  not  easily  to  be  obtained 
in  haste^  for  instructing  the  engineer  troops  in  the  use  of  the  same,  and 
for  contmuing  the  series  of  trials  now  in  progress. 

The  Board  of  Engineers  for  the  Pacifie  Coast  during  the  past  fiscal 
year  has  consisted  of  Lietit.  Col.  B.  8.  Alexander,  Lieut.  Col.  C.  8.  8tew- 
art,  Lieut.  Col.  R.  8.  Williamson,  and  Maj.  George  H.  Mendell,  with  First 
Lieut.  A.  H.  Payson  recorder.  Maj.  John  M.  Wilson,  Corps  of  Engi- 
neers, was  associated  with  the  board  during  a  part  of  the  time. 

During  the  past  fiscal  year  the  board  has  acted  and  reported  upon  the 
survey,  plans,  and  estimates  for  a  canal  around  the  Cascades  of  the 
Colnmoia  Biver,  and  the  improvements  to  the  navigation  of  the  Colum- 
bia River  above  the  Cascades.  Oregon;  considered  the  encroachments  of 
the  sea  and  of  the  Columbia  River  on  the  shore  of  Point  Adams,  Oregon, 
endangering  the  site  of  Fort  8tevens :  and  studied  the  question  of  sur- 
tayce  and  subsurface  currents  in  the  Bay  of  8an  Francisco,  with  a  view 
of  establishing  a  system  of  torpedo  or  submarine  defense. 
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BATTALION  OF  ENGINEERS  AND  ENGINEER  DEPOT, 

Battalion  ofUngineers,  commanded  by  Maj.  H.  i.  Abhot^  Corps  of  Engineers^ 
lieadquarters  Willets  Pointy  eastern  entrance  to  New  YorTc  Harbor. 

The  strength  of  the  Battalion  of  Engineers  on  June  30, 1878,  was  13 
commissioned  officers  and  195  enlisted  men. 

It  was  under  the  command  of  Maj.  Henry  L.  Abbot,  and  was  sta* 
tioned  as  follows :  At  Willets  Point,  Kew  York  Harbor,  the  headquarters. 
Company  A,  Capt.  T.  H.  Handbury ;  Company  B,  Capt.  A.  M.  Miller ; 
Company  C,  Capt.  J.  F,  Gregory.  At  West  Point,  Company  E,  Capt.  O. 
H.  Ernst. 

Detachments  were  stationed  as  follows,  under  command  of  the  officers 
of  engineers  serving  on  the  staff  of  commanding  generals :  Department 
of  the  Missouri,  1  sergeant  and  1  private  j  Department  of  Dakota,  1 
sergeant  and  3  privates. 

Until  December  12, 1877,  no  recruiting  was  i)ermitted  beyond  the  re- 
enlistmeht  of  discharged  soldiers  in  their  former  companies.  After  that 
date  vacancies  were  fiUed  as  they  occurred  by  enlistments  at  the  posts 
where  the  companies  were  stationed.  Upon  this  system  24  soldiers  were 
enlisted  during  the  year,  13  were  re-enlisted,  4  deserted,  and  2  desert- 
ers were  apprehended. 

At  Willete  Point,  as  heretofore,  the  troops  have  performed  the  ordi- 
nary military  duties  of  the  post;  cared  for,  received,  and  issued  the 
instruments  and  property  pertaining  to  the  engineer  depot ;  remodeled 
a  portion  of  the  bridge  equipage,  and  performed  necessary  labor  upon 
the  post  and  public  buildings. 

At  West  Point,  Company  E,  in  addition  to  ordinary  post  duties,  has 
aided  in  the  instruction  of  the  cadets  in  pontoniering,  signaling,  teleg- 
raphy, and  field  fortification. 

During  the  railroad  riots  which  occurred  in  the  summer  of  1877,  the 
headquai'ters  and  the  three  companies  from  Willets  Point  served  at 
Baltimore,  Md.,  Philadelphia,  and  Easton,  Pa.,  performing  their  deli- 
cate duties  in  a  manner  to  receive  the  marked  commendation  in  orders 
of  Major-General  Hancock,  commanding  the  division. 

The  following  is  the  general  system  of  instruction  for  the  Engineer 
Battalion : 

Tlie  company  at  West  Point  has  received  careful  drilling  in  the  vari- 
ous duties  i)ertaining  to  its  arm  of  service,  except  in  submarine  mining, 
for  which  there  are  no  facilities. 

Willets  Point  constitutes  the  regular  school  of  application  for  the 
engineer  service.  The  usual  tour  of  service  for  the  captains  and  battal- 
ion staff  officers  is  four  years.  The  subalterns  for  company  duty  consist 
of  the  most  recent  additions  to  the  corps,  who,  ui>on  graduating  at  the 
Military  Academy  at  West  Point,  are  attached  to  the  companies  at  Wil- 
lets Point  for  two  or  three  years  to  become  familiar  with  the  routine  of 
service  with  troops,  and  to  learn  the  practical  duties  of  their  profession, 
such  as  the  use  of  astronomical,  meteorological,  surveying,  and  recon- 
noitering  instruments ;  photography,  especially  as  used  in  the  field  for 
the  duplication  of  campaign  maps  j  the  construction  of  military  bridges ; 
military  mining;  and  field  fortifications,  and  the  use  of  torpedoes  for 
harbor  defense. 

The  enlisted  men  receive  during  the  summer  practical  instruction^  and 
during  the  winter  theoretical  instruction,  in  their  duties  as  engineer 
soldiers. 

The  schools  are  conducted  in  each  company  by  their  commanding 
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officers.  A  system  of  marks  similar  to  tliat  at  West  Point  is  adopted, 
and  the  standing  of  each  non-commissioned  officer  is  published  annually 
in  battalion  orders. 

Mnch  attention  is  devoted  to  the  study  and  develoi)ment  of  submarine 
raining  for  the  defense  of  our  coasts  against  hostile  fleets,  a  duty  which 
has  b^n  added  to  the  engineer  service  since  the  civil  war. 

A  fine  laboratory  has  been  constructed,  and  oflicers  and  men  are 
thoroughly  trained  in  the  application  of  electricity  to  ignitions,  the 
manipulation  of  defensive  tori)edoes,  and  the  use  of  modern  explosive 
compounds.  The  immense  importance  of  this  new  branch  of  national 
defense  is  not  properly  ai)preciated,  and  the  number  of  enlisted  men  now 
under  instruction  is  entirely  inadequate  to  the  needs  of  the  service.  In 
this  wnnection  I  desire  to  re8i)ectfully  urge  uiwn  the  Secretary'  of  War 
the  following  recommendation  contained  in  my  last  annual  report, 
remarking  that  the  engineer  troops,  while  ordinarily  employed  in  theii* 
separate  and  special  duties,  have  proved  themselves  to  be  available  in 
emergencies  for  excellent  service  as  infantry  of  the  line.  Indeed,  in  dis- 
cipline, markmanship,  and  drill  they  are  second  to  none  in  the  senice. 

In  onr  service,  as  in  that  of  Great  Britain  and  other  nationH,  the  duty  of  devisiu^ 
and  perfecting  a  system  of  torpedo  defense  to  be  used  in  combination  with  the  forts, 
and  of  practically  applying  it  in  case  of  war,  has  been  a88igne<l  to  the  engineer  troops. 
The  leg;al  or^ranization  of  tlie  battalion  (752  enlisted  men)  is  suflicient  to  warrant  a 
reamiDable  ex})ectatiou  that,  Avith  the  needful  material  iii  store,  this  highly  important 
ihity  will  be  satisfactorily  performed.  Under  existing  orders,  issued  at  the  receni 
rednrtion  of  the  Army,  the  force  authorized  to  be  kept  m  service  is  fixed  at  20()  men,  a 
namher  quite  insufficient  t.o  afibnl  any  proper  pounds  for  believing  that  even  our 
m«ire  important  sea-ports  could  be  projierly  protected  by  torpedoes  in  time  to  prevent 
ibeir  destructi<»n.  Every  effort  is  now  making  to  thoroughly  prepare  the  men  for 
tht-ne  duties,  which  involve  long  training  and  higher  intelligence  than  it  is  common  t<» 
find  in  the  ranks.  Individual  records  are  kept,  showing  the  qualifications  of  each 
man.  as  determined  by  his  instructors  from  his  regular  drills  and  exercises.  But  still 
the  fiirt  remains  that  the  force  is  too  small  to  perform  the  responsililc  duties  assigned 
to  it,  and  I  therefore  feel  it  my  duty  to  ur^e  that  the  organization  may  be  recruited  to 
ii2f)  men,  the  number  judgwl  to  be  the  minimum  consistent  with  a  reaiwnable  state  of 
preparation  for  unexpected  hostilities.  This  number  is  but  little  more  than  two- thirds 
•'Y  the  maximum  fixed  by  law,  and  no  increase  in  the  legal  organization  is  therefore 
ne«J«l. 

Engineer  post  and  depot  at  Willetft  Pointy  New  York  Harbor^  commanded 
by  Maj.  H.  L.  Abbot,  Corps  of  Engineers, — ^At  Willets  Point  is  situated 
the  engineer  depot  of  the  Ai^my,  where  the  bridge  equipage  and  tools  for 
fiel<l-.service,  the  torpedo  material  collected  for  the  defense  of  our  princi- 
pal harbors,  and  the  astronomical  and  surveying  instniments  used  by 
the  Corps  of  Engineers  upon  the  various  military  and  civil  works  of  the 
eonntry,  are  collected,  stored,  and  issued  as  required.  The  duty  of  guard- 
ing and  handling  this  property  is  performed  exclusively  by  soldiers  of 
en^eers. 

The  post  has  developed  into  a  useful  school  of  application  for  the 
en^eer  senice,  where  officers  and  men  are  exercised  in  their  various 
iJiflitary  duti^^  comprising  submarine  mining  for  the  defense  of  our  har- 
l)ors,  mjlitaiy  mining  in  land  operations,  military  bridge  making,  field 
fortilicatioas,  military  reconnaissance  and  map  making  with  armies  in 
the  field,  military  photography  and  map  printing,  &c.  The  officers  are 
also  iiiniisheil  with  the  needfiil  facilities  for  becoming  familiar  with  the 
ioKdtiments  and  methods  in  use  upon  the  vari(ms  ci^il  works  of  the  corps, 
«iei  BH  practical  astronomy,  sui-veys,  explorations,  hydraulic  operations 
Hi«ia/  in  river  and  harbor  improvements,  &c.  It  has  become  customary, 
before  assigning  them  as  assistants  upon  the  various  works  conducted 
ffVtbe  corps  to  require  engineer  officers,  on  graduating  from  the  Militars 
Acudemv  at* West  Point,  to  spend  about  two  years  at  Willets  Point,  per- 
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forming  ordinary  company  duty  with  the  troops,  and  devoting  their 
leisure  time  to  acquiring  practical  experience  in  the  duties  named  above. 
The  only  appropriations  requested  for  the  coming  year,  are  the  usual 
amounts  of  $1,000  for  the  purchase  of  engineer  materials  to  be  used  for 
the  instruction  of  the  troops,  and  $4,000  for  the  contingent  expenses 
named  below. 

Estimate  of  funds  required  for  th^^  Battalion  of  Engineers  and  Engineer  Depot  at  Willels 
Point,  ifeto  York  Harbor,  for  th^  fiscal  year  ending  June  30,  1880, 

For  the  piirchaBe  of  engineer  materials  to  coutinne  the  present  coarse  of 
instmction  of  the  battaUou  in  field-engineering $1, 000  00 

For  the  incidental  expenses  of  the  depot,  such  as  remodeling  ponton-trains, 
repairing  instruments,  purchasing  fuel,  forage, stationery,  chemicals,  extra- 
duty  pay  for  soldiers  engaged  in  special  skified  labor,  such  as  wheelwright 
work,  printing,  binding,  photographing,  and  lithographing  engineer  docu- 
ments, &c 4,000  00 

Total 5,000  00 

CURRENT  OBSERVATIONS  IN  REFERENCE  TO  TORPEDO 

DEFENSE. 

Some  questions  having  arisen  regarding  the  practicability  of  appljring 
torpedoes  in  the  defense  of  the  bay  and  harbor  of  San  Francisco,  OaL, 
on  account  of  the  supposed  velocities  of  the  surface  and  subsurface  cur- 
rents, a  series  of  observations  were  made  in  this  connection  dming  the 
past  year.  The  report  of  Lieut.  A.  H.  Payson,  Corps  of  Engineers,  who 
conducted  the  observations,  is  of  interest,  and  will  be  found  in  Ap- 
pendix 113  of  this  rei)ort. 

RIVER   AND    HARBOR   IMPROVEMENTS. 

On  the  1st  day  of  July,  1877,  there  was  available  for  the  continua- 
tion of  work  upon  the  improvement  of  rivers  and  harbors  the  sum  of 
$4,274,662.20,  being  the  balance  of  the  appropriation  of  August  14, 1876, 
and  of  previous  dates. 

During  the  fiscal  year  ending  June  30, 1878,  Congress  made  the  fol- 
lowing appropriations,  and  as  the  amounts  were  made  at  once  available, 
the  whole  sum  applicable  to  carrying  on  works  of  improvement  during 
the  fiscal  year  was  $4,403,162.20,  viz : 

For  the  removal  of  snags  and  other  obstructions  from  the  Mississippi, 
Missouri,  and  Arkansas  Rivers,  &c.,  $40,000. 

For  the  purpose  of  opening  the  navigation  of  Red  River,  above  Shreve- 
I)ort,  ih  the  State  of  Louisiana,  and  keeping  said  navigation  open  and 
free  from  rafts,  &c.,  $6,000. 

To  pay  the  current  expenses  of  operating  the  Des  Moines  Rapids  Canal, 
on  the  Upper  Mississippi  River,  until  July  1,  1878,  $7,500. 

For  the  purpose  of  continuing  the  improvements  of  Galveston  Har- 
bor, in  the  State  of  Texas,  $75,000. 

Of  the  above  available  sum,  $4,403,162.20,  there  has  been  expended 
during  the  fiscal  year  $2,794,483.72,  leaving  balance  applicable  to  the 
continuation  of  work  July  1, 1878,  of  $1,608,678.48. 

The  "Act  making  appropriations  for  the  construction,  repair,  preserva- 
tion and  completion  of  certain  public  works  on  rivers  and  harbors  and 
for  other  purposes,"  approved  June  18, 1878,  made  provision  for  215  works 
and  for  surveys  or  examinations  at  116  localities.  The  total  amount  ap- 
propriated is  $8,201,700,  and  it  is  distributed  among  the  several  works 
in  sums  varying  from  $1,000  to  $350,000. 
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As  60on  as  practicable  after  it  was  known  tJiat  the  amounts  therein 
appropriated  were  made  subject  to  requisition,  the  officers  in  ehar^ye  of 
tie  various  districts  were  called  upon  for  projects  for  the  application  of 
the  amounts  made  available  to  the  works  of  improvement.  On  the  ap- 
proval of  the  projects  submitted,  steps  have  been  taken  for  putting  the 
work  at  once  into  execution,  and  they  are  now  being  conducted  under 
the  contract  system,  and  by  means  of  hired  labor  and  purchase  of  ma- 
terial in  open  market,  as  appeared  to  be  most  advantageous  to  the  gov- 
ernment. 

The  examinations  or  surveys  "  and  estimates  of  cost  of  improvements 
proper  to  be  made  "  at  the  several  points  and  localities  named  in  the  sec- 
ond section  of  the  act,  are  now  in  hand,  and  it  is  expected  that  rei)orts 
will  be  received  in  time  to  be  submitted  during  the  approaching  session 
of  Congress. 

A  brief  summary  is  given  below,  setting  forth  for  each  improvement 
its  condition  and  the  amount  of  work  done  during  the  fiscal  year,  and 
aecoDipauied  by  a  money  statement  giving  the  amount  expended  during 
the  year,  the  probable  amount  required  for  the  completion  of  the  adopted 
project,  and  an  estimate  of  the  amount  that  can  profitably  be  expended 
during  the  fiscal  year  ending  Jime  30, 1880.  These  estimates  were  sub- 
mitted in  tabular  form  by  letter  of  September  18,  1878,  and  will,  it  is 
expected,  be  printed  in  the  Book  of  Estimates,  prepared  and  submitted 
to  Congress  by  the  honorable  the  Secretary  of  the  Treasury.  For  ftill 
and  detailed  information  respecting  any  particular  improvement  or  sur- 
vey, attention  is  respectfully  invited  to  the  report  of  the  officer  in  charge, 
which  will  be  found  in  the  apx)endix. 

The  report  of  the  commission  appointed  by  authority  of  the  joint  reso- 
lution of  March  3, 1877,  "to  examine  into  the  matter  of  contracts  made 
by  and  between  the  United  States  and  the  Moline  Water-Power  Com- 
pany, as  to  the  water-power  at  Moline,  Elinois,"  was  submitted  to  Con- 
gress during  its  first  session  by  the  Secretary  of  War,  and  may  be  found 
printed  in  Ex.  Doc.  No.  21,  House  of  Representatives,  Forty-fifth  Con- 
gress, first  session.  A  copy  of  the  report  is  herewith,  forming  Appen- 
dix R. 

The  Board  of  Engineer  Officers  constituted  in  July  of  the  present 
year  by  your  direction,  to  take  into  consideration  the  improvement  of 
the  low- water  navigation  of  the  Mississippi  and  Missouri  rivers,  and  to 
submit  a  plan  therefor,  together  with  recommendations  for  the  most 
practicable  measures  to  be  adopted  from  time  to  time,  in  order  to  secure 
its  earliest  and  most  economical  completion,  has  entered  upon  the  duties 
assigned  to  it. 

The  board  is  instructed  to  consider  how  far  the  information  already 

at  hand,  fix>m  surveys  and  investigations  heretofore  made,  can  be  made 

available  to   devise  a  genei*al  system  of  works  for  the  permanent 

improvement  of  the  low- water  navigation  of  those  rivers;  what  addi- 

tioDai  data  will  be  required;  in  what  manner  and  by  what  system  ot 

mrvev  it  may  be  best  obtained,  and  what  localities  should  be  first  sur- 

vercd'  having"  in  view  the  most  pressing  needs  of  navigation;  and 

sboald  it  deem  the  information  already  at  hand  sufficient  to  enable  it  to 

prepare  a  systematic  plan  of  improvement,  in  whole  or  in  part,  it  is 

m^eted  to  do  so,  and,  if  practicable,  in  time  to  admit  of  the  subject 

hdnff  submitted  to  Congress  at  its  next  session. 

retain  surveys  have  been  indicated  by  the  board  as  essential  to  the 

iTAtion  of  its  duties  as  above  prescribed,  and  they  have  been  or- 
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ATLANTIC    COAST. 

IMPROVEMENT   OF  RIVERS  AND  HARBORS  IN  THE   STATES  OF   MAINE, 
NEW  HAMPSHIRE,   AND  MASSACHUSETTS. 

OfScer  in  charge,  Lieut.  Col.  George  Thorn,  Corps  of  Engineers. 

1.  Improvement  of  Saint  Croix:  River^  above  Die  ^^Ledge^^  Maine, — This 
river  throughout  its  whole  extent  forms  a  part  of  the  international 
boundary  between  Maine  and  New  Brunswick.  A  survey  of  it  was  made 
in  1873,  under  the  <lirection  of  Lieut.  Col.  Thoni,  from  the  "Ledge"  up 
to  the  toll-bridge  between  Calais  and  Saint  Stephens,  the  head  of  naAi- 
gation,  a  distance  of  about  5  miles,  with  a  \aew  to  the  imi)rovement  of 
this  i>ortion  of  the  river.  Tlie  channel  of  the  river  was  found  to  be  much 
obstructed  by  shoals,  caused  by  the  deposit  of  slabs,  edgings,  and  saw- 
dust thrown  into  tlie  river  from  the  saw-mills  above,  then  estimated  at 
not  less  than  1,000,000  cubic  yards.  To  open  a  channel  of  practiea^ble 
width  and  depth  through  these  shoals  (say  200  feet  in  width  and  9  feet 
in  dei)th  at  mean  low- water,  and  29  feet  at  mean  high-water)  it  is  esti- 
mated would  require  the  excavation  of  235,000  cubic  yards  of  "miU- 
waste,''  at  a  probable  cost  of  $150,000. 

The  following  approi)riations  have  been  made  by  Congress  for  the  im- 
provement of  this  river,  to  wit: 

By  act  approved  March  2,  1867 |15,  000  00 

By  act  approvea  March  3,  1873 10,000  (K) 

By  act  approvedJime  23,  1874 10,000  00 

Total '. 35,  000  00 

Tlie  act  of  March  2, 1867,  contained  the  proviso  that — 

The  province  of  New  Brunswick  contribute  and  pay  to  the  proper  disbursing  officer 
a  like  sum  for  said  purpose,  said  payment  being  made  on  condition  that  in  no  event 
shall  the  province  of  New  Brunswick  be  called  upon  for  more  than  half  the  sum 
actually  exijcuded  for  said  purpose. 

In  1873,  the  Dominion  of  Canada  appropriated  the  sum  of  $25,000  for 
the  imjirovement  of  this  river;  but  in  considei^ation  of  the  fact  tiiat  the 
obstnictions  to  its  navigation  have  been  caused  by  the  deposit  of  the 
"waste"  from  the  saw-mills  above,  and  that  no  law  is  in  force  for  i>re- 
venting  the  contmuance  of  this  practice,  the  department  of  pubhc  works 
of  the  Dominion  of  Canada  declined  to  authorize  the  expenditure  of  the 
appropriation  until  satisfied  that  this  practice  is  permanently  discon- 
tinued. 

July  1,  1877,  amount  available $34,  000  00 

July  1,  1878,  amount  available 34,000  00 

(See  Ai)pendix  A  1.) 

2.  Improvement  of  Penobscot  River^  Maine. — ^The  work  origmally  pro- 
jected for  the  improvement  of  this  river  consisted — 

In  the  enlargement  and  straightening  of  its  channel  through  the  sev- 
eral bars  and  shoals  at  and  near  Bangor,  so  as  to  have  a  width  of  not 
less  than  200  feet,  and  a  depth  not  less  than  11  feet  at  low  tide  (or  24  feet 
at  high  tide)  in  the  lowest  stages  of  the  river,  gi\'ing  about  14  feet  at 
low  tide  in  its  ordinary  stages. 

In  breaking  up  and  removing  all  the  sunken  ledges  and  bowlders  iu 
the  harbor  of  Bangor  outside  the  main  channel,  down  to  tlie  level  of  the 
general  bed  of  the  river,  includmg  Independence  Kock,  Gulliver's  Eock 
the  ledge  near  Steamboat  Wharf,  and  those  near  Dole's  Wharf,  Green's 
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Pier  and  Green's  Pier  Ledge,  and  a  ledge  outside  of  it ;  also  the  bowlders 
and  ledges  in  front  of  the  wharves  at  High  Head. 

At  the  beginning  of  the  fiscal  year  (July  1,  1877)  the  improvement  of 
all  tiie  bars  and  shoals  then  projected  had  been  completed,  with  the  ex- 
ception of  the  channel  through  the  Middle  Ground  at  Bangor ;  and  all 
the  sunken  rocks  had  been  broken  up  and  removed  to  the  extent  pro- 
jected, with  the  exception  of  several  outcroppings  of  ledge  discovered 
in  1875-'76  in  and  near  the  Middle  Ground  Channel,  for  the  partial  re- 
moval of  which  a  contract  had  been  made ;  a  contract  had  also  been 
made  for  completing  all  the  dredging  on  the  Middle  Ground,  under 
which  considerable  progress  had  then  been  made. 

Duiing  the  past  year  the  removal  of  the  ledge  in  the  Middle  Ground 
Channel  has  been  carried  on  under  contract,  and  has  been  about  half 
completed  by  the  breaking  up  and  removal  of  about  70  cubic  yards  of 
the  ledge,  the  remainder  of  which  will  probably  be  completed  before  the 
close  of  the  present  season,  leaving  80  cubic  yards  of  ledge  outside  the 
ehamiel  to  be  removed  under  the  appro^mation  of  Jime  18,  1878.  The 
excavation  of  the  Middle  Ground  Channel  by  dredgimj  was  comi)leted  in 
September,  1877. 

The  river  and  harbor  act  of  March  3, 1875,  appropriating  $25,000  for 
Penobscot  Riv'er,  provided  that  $10,000  of  it  should  be  expended  for  the 
improvement  of  the  river  at  and  near  Bucksport  Narrows  (18  miles  below 
Bangor),  which  amount  was  applied  to  the  partial  removal,  by  dredging, 
of  the  Middle  Ground  in  firont  of  the  wharves  at  Bucksport  to  a  depth 
of  VI  feet  at  mean  low^  water  or  22.3  feet  at  ordinary  high  water. 

The  river  and  harbor  act  of  August  14,  1876,  appropriating  $10,000 
for  Penobscot  Kiver,  provided  that  $4,000  of  it  should  also  be  expended 
at  and  near  Bucksport  Narrows.  This  amount  was  expended  in  Sep- 
tember, October,  and  November  last  in  continuing  the  work  at  the  Mid- 
dle Ground. 

For  deex)ening  the  channel  in  front  of  High  Head  wharves,  at  Bangor, 
by  dredging,  and  the  removal  of  sunken  rocks,  as  projected,  the  addi- 
tional sum  of  $6,000  will  be  required. 

The  officer  in  charge  of  this  work  states  that  the  throwing  of  sawdust 
into  thLs  river  is  still  continued  to  a  very  great  extent,  and  to  the  serious 
detriment  of  its  na\igation.  In  view  of  this,  and  of  the  fact  that  sev- 
eral other  navigable  rivers  in  his  district,  now  being  improved  by  the 
United  States  Government,  are  also  being  injiu'cd  by  the  tlirowing  in  of 
slabs,  edgings,  and  sawdust,  by  building  of  piers  and  bridge-draws  in 
impro^ier  places,  and  otherwise,  he  suggests  the  passage  of  some  geneial 
law  for  the  protection  and  preservation  of  all  navigable  waters  under 
the  control  of  the  United  States  Government,  for  the  improvement  of 
which  Congress  has  already  made  or  may  hereafter  make  appropriations. 
Hiis  suggestion  is  concurred  in  by  this  office. 

Jalyl,  li^,  amount  available I|22,284  30 

Amoant  appropriated  by  act  approved  June  18,  1878 12, 000  00 

J|34,284  30 

•^qIt  1,  1878,  amoniit  expended  during  fiscal  year 18, 786  57 

Jalyl,  1878,  outHtanding  liabilities 477  00 

19, 263  57 

^^7l,  W8,  amonnt  available 15,020  73 

\monnt  (estimated)  req  iiired  for  completion  of  existing  project 6, 000  00 

Am/Htnt  that  can  he  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      6,  (KX)  00 

(See  Appendix  A  2.) 

?  r         ement  of  ^Bel/<^^  Harbor^  Maine, — A  survey  of  this  harbor  was 
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made  in  July  and  August,  1875,  in  compliance  with  the  river  and  harbor 
a-ct  of  March  3, 1875,  by  which  it  was  ascertained  that  to  so  improve  it 
as  to  aiibrd  a  safe  anchorage  for  shipping  in  all  storms  and  have  a  suit- 
able depth  for  the  several  steamers  And  other  vessels  that  touch  and  lie 
there,  in  all  stages  of  the  tide,  would  require  a  breakwater,  at  a  cost  a« 
estimated  by  the  engineer  in  charge  of  same,  of  $310,000,  and  dredging 
and  rock  excavation  at  an  estimate  cost  of  $35,000. 

By  the  river  and  harbor  act  of  August  14, 1876,  the  sum  of  $5,000  was 
appropriated  for  the  improvement  of  this  harbor,  which  was  applied  to 
the  partial  removal  of  the  rocky  shoal  abreast  of  Lane's  wharf,  for  which 
a  contract  was  made.  This  work  wa«  completed  in  November  last.  For 
continuing  the  removal  of  this  shoal  and  the  shoals  below  to  the  pro- 
jected depth  an  additional  appropriation  of  $12,000  has  been  made  by 
act  of  June  18,  1878. 

July  1,  1877,  amount  available $4,991  00 

Amount  appropriated  by  act  approved  June  18,  1878 12, 000  00 

— $16,99100 

July  1,  1878,  amount  expended  during  fiscal  year 4, 959  04 

July  1,  1878,  amount  available $12,031  96 

Amount  (estimated)  reqiiiretl  for  completion  of  existing  project 18, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 ...     18, 000  00 

(See  Appendix  A  3.) 

4.  Improvement  of  Kennebec  River ^  Maine. — Under  a  contract  made  May 
6, 1875,  for  the  removal  of  Dry  Eock  to  a  depth  of  12  feet  at  mean  low- 
water,  operations  have  been  carried  on  during  the  past  fiscal  year,  result- 
ing in  the  removal  of  54o  cubic  yards  of  the  rock,  making  a  total  oi' 
1,775  cubic  yards  removed  under  that  contract.  This  work  wiis  complete<l 
in  September  last,  so  that  aU  the  work  projected  for  the  improvement  of 
this  river  has  been  completed,  whereby  the  channel  up  to  Gardiner  has 
been  made  safe  and  navigable  for  a  width  of  not  less  than  100  feet  and 
for  a  depth  of  10  feet  at  low  tide  (or  15J  feet  at  high  tide)  in  its  lowest 
summer  stages ;  and  from  Gardiner  to  Augusta,  a  distance  of  7  miles 
more,  it  has  also  been  improved  for  a  width  of  not  less  than  100  feet,  so 
as  to  have  not  less  than  OJ  feet  at  low  tide  (or  llj  feet  at  high  tide)  in 
the  lowest  summer  stages  of  the  river. 

July  1, 1877,  amount  available f9,  489  56 

July  1,  1878,  amount  expended  during  fiscal  year 9,  489  56 

(See  Appendix  A  4.) 

5.  Improvement  at  the  gut  opposite  Bath,  Me. — The  following  work  has 
been  done  for  the  improvement  of  this  locality  under  the  appropriations 
made  by  the  river  and  harbor  acts  of  Jidy  11, 1870,  and  March  3,  1871, 
aggregating  $16,500,  viz : 

1.  The  removal  of  Boiler  Rock  to  a  depth  of  10  feet  at  mean  low  water 
or  10 J  feet  at  mean  high  water. 

2.  The  removal  to  a  depth  of  9  feet  at  mean  low  water  of  the  le<lgo 
extending  from  Boiler  llock  northward  toward  the  shore. 

3.  The  removal  of  two  wrecks  of  vessels  lying  in  ndd-channel  above 
and  near  Upper  Hell  Gate. 

4.  Dredging  a  channel  through  the  bar  next  al>ove  Upper  Hell  Gate 
to  a  width  of  100  feet  and  a  depth  of  10  feet  at  mean  low  water  or  IG^ 
feet  at  mean  high  water. 

5.  The  breaking  up  and  removal  of  points  of  ledge  which  projected 
into  the  river  from  its  southern  shore  at  the  Upper  Hell  Gate  (amount- 
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ing  altogether  to  about  1,000  cubic  yards),  whereby  the  water-way  was 
increased  from  a  width  of  about  100  to  about  150  feet. 

This  work  was  completed  in  1872. 

Under  the  appropriation  of  $17,000  made  by  the  river  and  harbor  act 
of  June  18,  1878,  the  following  work  has  been  projected,  viz : 

1.  Straightening,  widening,  and  deepening  the  channel  through  the 
shoal  above  Upi)er  Hell  Gate. 

2.  Widening  the  passage  through  Upper  Hell  Gate. 

3.  Kemoving  the  sunken  ledges  from  the  river  below  Upi)er  Hell  Gate, 
so  as  to  make  a  safe  and  direct  chaimel  to  the  north  of  Marsh  Island. 

The  amount  now  available  for  this  work  is  believed  to  be  sulficient  for 
its  completion. 

Amount  appropriated  by  act  approved  June  18,  1878 $17,  000  00 

July  1,  1878,  amount  available 17,000  00 

(See  Appendix  A  5.) 

6.  Improvement  of  Portland  Harbor,  Maine. — All  the  work  projected  for 
the  inii)rovement  of  this  harbor  has  been  comi)leted,  ydth  the  exception 
of  the  <lre<lging  in  front  of  the  harbor  commissioner's  line  above  MeiTill's 
wharf;  but  this  work  will  be  done  only  on  condition  that  the  several 
vharves  above  Merrill's  wharf  will  be  removed,  so  far  as  they  extend 
beyond  the  harbor  line.  The  funds  now  available  are  sufficient  for  this 
piirjiose. 

Jnlyl,  1877,  amount  available |42,930  10 

July  1,  1878,  amount  expended  during  fiscal  year 1,  021  72 

Jnlyl,  1878,  amount  available .-...       41,908  38 

(See  Appendix  A  6.) 

7.  Improreineyit  at  RichmoniVs  Tslajid,  Maine. — The  improvement  pro- 
jected ibr  this  place  consists  in  makinj^:  a  harbor  of  refuge  by  means  of 
a  rabble-stone  breakwater,  to  connect  the  island  with  nmiuland.  The 
len^h  of  the  proi)osed  breakwater  is  about  2,(KK)  feet,  with  an  average 
thickness  of  25  to  30  feet,  and  a  height  of  4  feet  above  ordinary  high- 
water.  During  the  past  fiscal  year  work  has  been  suspended  for  want 
offiinds. 

Under  the  appropriation  of  $6,000  made  by  act  approved  June  18, 1878, 
it  is  probable  that  4,000  tons  more  of  stone  wiU  be  furnished  and  placed 
upon  the  work.  To  complete  it  in  accordance  with  the  original  estimate 
6,(K)0  tons  more  wiU  be  needed,  for  which  an  appropriation  of  $9,000  will 
be  required. 

Amount  appropriated  by  act  approved  June  18,  1878 $6,000  00 

Jnlyl,  1878,  amount  available 6,  000  00 

Amount  (estimated)  reqnirecl  for  completion  of  existing  project 9,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     9, 000  00 

(See  Api)endix  A  7.) 

8.  Tmprorement  of  Keniiehunk  River,  Maine. — ^The  work  i)rojected  for 
the  imi>rovement  of  this  river  under  the  appropriation  of  $10,000  made 
by  the  river  and  harbor  acts  of  July,  1870,  and  March,  1871,  consisted 
m  the  extension  and  repair  of  the  two  stone  piers  at  its  mouth,  and  the 
repair  of  the  United  States  Government  wharf,  a  short  distance  above. 
This  work  was  completed  in  1872.  Under  the  appropriation  of  $5,000 
made  by  the  river  and  harbor  act  of  August  14,  1876,  the  channel  of  the 
river  has  been  straightened,  widened,  and  deepened,  by  dredging  at  the 
Wading  Place  and  Mitchell's  Point,  so  as  to  have  a  depth  of  4  feet  at 
mean  low-water,  or  about  13  feet  at  mean  high-water.  This  work  was 
commenced  in  July  and  completed  in  September  last,  with  6,450  cubic 
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yards  of  dredging.  Extensive  repairs  have  also  been  made  where  most 
necessary  on  the  stone  piers  at  the  month  of  the  river,  as  well  as  on  the 
go^'emment  wharf  above.  In  order  to  complete  all  the  work  now  pro- 
jected for  the  improvement  of  this  river,  there  will  be  required,  as  esti- 
mated and  recommended  by  the  engineer  officer  in  charge,  a  further 
appropriation  of  $6,000. 

July  1,  1877,  amount  available $4,  992  00 

July  1,  1878,  amount  expended  during  fiscal  year 4,992  00 

Amount  (estimated)  required  for  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     6,  000  00 

(See  Appendix  A  8.) 

9.  Improvement  of  Cocheco  River j  N^ew  Hampshire, — ^The  original  project 
for  the  improvement  of  this  river,  based  on  an  examination  made  in 
1870,  consisted  of  making  a  channel  not  less  than  40  feet  in  width  and 
4  feet  in  depth  at  mean  low- water,  from  the  foot  of  the  Lower  Narrows 
up  to  Collins  wharf  (at  the  head  of  the  Upper  Narrows),  the  estimated 
cost  of  which  was  $45,000,  as  shown  m  the  annual  report  of  1871.  More 
accurate  and  extended  surs^eys,  since  made,  have  shown  the  i)racticability 
and  importance  of  extending  this  improvement  up  to  the  packet  landing, 
the  total  estimate  for  which,  as  now  amended,  is  $8o,000. 

Under  the  several  appropriations  made  from  1871  to  1876,  inclusive, 
for  this  river  the  foUowuig  work  has  been  done,  viz : 

1.  A  channel  has  been  oi)ened  through  the  ledge  at  the  Upper  Nar- 
rows for  a  length  of  430  feet,  and  to  a  width  of  40  feet  and  a  depth  of  4 
feet  at  mean  low-water,  or  about  11  feet  at  ordinary  high-water. 

2.  A  channel  has  been  opened  through  the  ledge  next  above  the  Upper 
Narrows  for  a  length  of  200  feet,  and  to  a  width  of  40  feet  and  a  depth 
of  4  feet  at  mean  low- water. 

3.  The  channel  at  and  near  the  Lower  Narrows  has  been  nearly  com- 
pleted by  the  removal  of  sunken  ledges  and  bowlders ;  and  numerous 
scattered  bowlders  which  were  dangeix)U8  obstructions  to  navigation  at 
Trickey's  Shoal,  Clement's  Point  Shoal,  and  elsewhere,  have  been  broken 
up  and  removed, 

4.  The  chaimel  and  basin  have  been  opened  by  dredging  through  the 
several  shoals  that  existed  between  the  Lower  Niutows  and  l^acket 
Landing,  except  at  Gulf  Shoal. 

This  completes  all  the  work  to  be  done  for  the  improvement  of  this 
river,  excei)t  the  opening  of  a  channel  through  Gulf  Shoal  next  below 
the  IJpper  Narrows. 

Under  the  appropriation  of  $14,000  made  by  act  of  August  14,  1876, 
the  following  work  was  done  during  the  past  fiscal  year,  to  wit: 

Twelve  tliousand  three  hundred  and  seventy-one  cubic  yards  of  dredg- 
ing finished  by  contract  in  November  last,  in  completum  of  the  basin  at 
Packet  Landing  and  of  the  channel  between  that  i>oint  and  the  Lower 
Narrows,  with  the  exception  of  the  excavation  of  a  channel  through  Gulf 
Shoal,  next  below  the  Upper  NaiTows.  Sunken  ledges  and  bowlders 
have  also  been  broken  up  and  removed  at  and  near  Clement's  Point 
Shoal,  Trickey's  Shoal,  the  Upper  and  Lower  Narrows,  and  at  Dover 
Point,  altogether  about  300  cubic  yards,  which  was  completed  in  August, 
1877. 

Under  the  api)ropriation  of  $6,000  made  by  the  river  and  harbor  act 
of  June  18, 1878,  it  is  proposed  to  remove  the  obstructions  at  Gulf  Shoal, 
which  will  complete  all  the  work  that  Inis  been  projected  for  the  improve- 
ment of  this  river;  and  it  is  believed  that  the  ftinds  now  available  will  be 
suflicient  for  that  purpose. 
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Jalyl,  1877,  amount  available $11,228  08 

Amount  appropriated  bv  act  approved  June  18,  1878 6, 000  00 

$17, 228  08 

July  1,  1878)  amonnt  expended  daring  fiscal  year 10,  'XU  25 

Joly  1,  1878,  amount  available 6,805  83 

(See  Appendix  A  9.) 

10.  Improvement  of  Merrimac  River,  including  the  harbor  ofyewbury- 
port,  Massachnsett^. — All  work  projected  for  impro\ing  the  falls  of  this 
rirer  above  Haverhill,  Mass.,  has  been  completed  to  the  extent  now 
deemed  necessary.  Newbiuyport  Harbor,  at  the  mouth  of  the  river,  has 
also  been  improved  by  the  removal  of  South  Gangeway  Hock  and  of  a 
wrecked  schooner,  and  some  progress  has  been  made  in  the  removal  ot 
North  Gangeway  Rock. 

Between  Newburyport  and  Haverhill  the  river  has  been  improved  by 
deepening  the  shoals  and  the  removal  of  numerous  bowlders  which 
obstructcMl  the  channel  above  and  below  Rock's  Bridge,  inehiding  I^etty 
Rock  below  and  Little  Currier  Rock  above  the  bridge. 

The  work  done  during  the  past  fiscal  year  has  consisted  of  the  removal 
of  numerous  sunken  bowlders  from  the  channel  near  Silby's  Island. 

The  sum  of  $10,000,  which  was  appropriated  for  this  river  by  a(^t  of 
June  18,  1878,  is  to  be  applied  to  the  removal  of  sunken  ledges  at  the 
month  pf  the  river  in  Newburyport  Harbor. 

For  completing  aU  the  work  now  projected  for  the  improvement  ot 
Newburyport  Harbor,  the  additional  sum  of  $15,000  will  be  required. 

July  1, 1877,  amonnt  available $1, 251  10 

Amount  appropriated  by  act  approved  June  18,  1878 lo,  000  00 

— $11,25110 

Julyl,  1878,  amonnt  ex])ended  during  fiscal  year 1,071  00 

Jnlyl,  1878,  amonnt  available 10, 180  10 

Amount  (estimated)  required  for  completion  of  existinj;  project 15,  (K)0  00 

Amount  that  can  be  pntfitably  expended  in  fiscal  year  ending  June  80, 1880.     15, 000  00 

(See  Appendix  A  10.) 

11.  Improvement  of  Boston  Harbor^  Mmmehuftett^. — ^The  following  is  a 
statement  of  the  present  condition  of  the  several  works  completed,  pro- 
jet'twl,  and  in  progress  for  the  improvement  of  this  harbor,  and  the  prog- 
ress made  upon  them  during  the  past  fiscal  year,  viz : 

Seawall  on  Point  Allerton, — This  wall  was  completed  in  May,  1874, 
together  with  a  riprap  apron-work  for  the  protection  of  its  foundation. 
It»  total  length  is  1,202  feet.  It  is  now  in  excellent  condition  in  everj- 
re^l)eet,  and  fully  answers  the  puri)ose  intended. 

Seairall  on  Great  Brewster  Island. — This  wall  is  2,800  feet  in  length, 
and  was  built  for  the  protection  of  the  north  and  south  heads  of  that 
ktland,  and  was  completed  in  1870.  It  is  in  good  condition  and  requires 
but  few  repairs. 

tkaicalh  on  LovelVfi  Island, — The  two  sea-walls  on  this  island  were 

built  by  the  Umted  States  Goveniment,  one  in  1843  for  the  protection 

of  its  north  heady  SO^  feet  in  length,  and  the  other  in  18()8-'69  for  the 

proteeffon  of  southeast  bluff,  for  a  length  of  about  8(K)  feet.    For  the 

proffcd'ou  of  the  shore  line  next  south  of  the  north-head  wall,  and  next 

•wfA  of  the  south  eastern  wall,  apron- work  and  jetties  of  rubble-stone 

^m added  in  ISl'S.     The  wall  on  the  southeast  bluff  has  been  much 

\      ikmufred  bv  recent  storms,  and  its  height  is  to  be  increased  4  feet  by 

i      mZ  /^Hvi  innre  courses,  and  is  to  be  otherwise  repaired,  at  a  probable 

7f  t  f$15  000.     Contracts  have  been  made  for  all  the  stone  required 
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for  this  work,  and  preparations  have  been  nearly  completed  for  bnild- 
ing  the  wall.  The  other  wall  and  apron- work  are  now  in  good  condition, 
requiring  no  repairs,  and  fully  answer  the  puri)08es  intended. 

JSea-tcall  on  Gallop^s  Island. — This  wall  was  commenced  in  1868  and 
com])leted  in  September,  1871.  It  is  1,785^  feet  in  length,  and  has  its 
foundation  protected  for  nearly  its  whole  extent  by  a  riprap  apron-work 
and  stone  jetties,  which  were  added  in  1873-'74.  This  work  is  in  good 
condition,  and  ftilly  answers,  in  every  respect,  the  purpose  for  which  it 
was  intended. 

Seawall  an  the  north  head  of  Lang  Island, — This  wall  was  commenced 
in  1870  and  completed  in  the  latter  part  of  July,  1874,  for  a  total  length 
of  2,081|  feet.  For  the  protection  of  its  concrete  foimdatiou,  a  riprap 
apron  and  jetties  were  built  in  1874  on  those  parts  where  most  exposed 
to  injury'  by  storms  and  currents,  having  been  completed  eaily  in  August, 
1874.  This  work  is  in  good  condition,  requiring  no  repairs,  and  fiilly 
answers  the  purpose  intended. 

Sea-walls  an  Deer  Island. — ^The  three  sea-walls  on  this  island  were  built 
about  thirty-five  years  ago  for  the  protection  and  preservation  of  the 
noii^^h,  middle,  and  south  heads,  and  were,  respectively,  1,740,  840,  and 
420  feet  in  length.  The  injury  which  these  walls  had  sustained  fix)m  the 
AiokMKM3  of  the  storms  was  such  as  to  necessitate  the  rebiulding  of  them 
to  a  great  extent.    This  was  commenced  in  18(54  and  completed  in  1809. 

Straightening^  widening^  and  deepening  the  main  ship-channel  at  the  west 
end  of  Great  Brewster  spit — ^This  work  consisted  in  the  removal,  by 
dre<lging,  of  the  southern  portion  of  this  spit,  so  as  to  give  to  the  chan- 
nel a  \vidth  of  600  feet  for  a  depth  of  23  feet  at  mean  low- water.  Under 
a  contrsM^t  made  in  September,  1874,  the  dredging,  which  was  commenced 
in  October,  1874,  was  completed  in  August,  1875.  During  these  opera- 
tions a  ledge  wa«  laid  bare,  of  whi<*li  05J  cubic  yards  have  since  been 
broken  up  and  removed  to  the  requii*ed  depth  of  23  feet  at  mean  low- 
water. 

Straightening^  wide^iing^  and  deepening  the  main  ship-channel  at  the 
southeast  a^d  southwest  paints  of  LoveWs  Island, — This  improvement  con- 
sists in  widening  the  channel  so  as  to  have  a  width  of  600  feet  for  a 
depth  of  23  feet  at  mean  low- water. 

Under  the  appropriation  of  June  23,  1874,  a  contract  was  made  in 
Sei)tember,  1874,  for  the  dredging  at  the  southeast  point  of  this  island. 
Work  under  this  contract  was  commenced  in  October,  1874,  and  was 
completed  in  September,  1875. 

For  completing  the  improvement  at  and  near  the  southwest  point  of 
this  island,  which  was  susi)ended  in  1869,  a  contract  was  made  in  June, 
1877,  and  was  completed  in  September  following. 

Straightening^  widening,  and  deepening  the  main  ship-ch<innel  at  the  upper 
middle  bar, — The  improvement  projected  for  this  bar  consists  in  exca- 
vating a  channel  for  about  4,400  feet  in  length  to  a  width  of  600  feet  and 
for  a  depth  of  23  feet  at  mean  low-water,  the  mean  rise  and  faU  of  the 
tide  being  10  feet.  Dredging  operations  were  conmienced  on  the  bar  in 
1870,  and  were  continued,  with  intervals  of  susx>ension  for  want  of  fiindK, 
up  to  the  16th  of  November,  1876,  when  they  were  finally  completed  by 
a  total  of  268,278  cubic  yards  of  dredging.  In  these  dredging  operations 
a  sunken  ledge  was  nncovei*ed,  containing  about  80  cubic  yards  above 
grade. 

Under  a  conti^act  made  for  its  removal  50  cubic  yards  have  been  broken 
ni)  and  removed  during  the  i)ast  year ;  the  remainder  of  it  will  probably 
be  removed  by  the  end  of  July,  1*878. 

Bemoval  of  Nash's  Bock  {Shoal). — ^This  shoal  lies  in  the  entrance  to 
Boston  Harbor,  about  one-third  of  the  way  over  from  Brewster's  Spit  to 
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Point  Allerton.  By  a  survey  made  in  1873,  under  the  direction  of  the 
engineer  officer  now  in  charge,  it  was  ascertained  that  this  shoal  (pre- 
viously known  as  Nash's  Rock)  is  covered  with  bowlders,  shingle,  gravel, 
&c.,  and  has  an  area  of  about  640  superficial  yards  with  less  than  21 
feet  of  water  over  it  at  mean  low- water,  and  an  area  of  about  9  acres 
with  less  than  23  feet  of  water  over  it.  The  imi>rovement  here  projected 
consists  in  its  removal  to  a  depth  of  21  feet  at  mean  low- water,  which, 
under  a  contract  made  May  19, 1875,  was  about  half  completed  in  Sep- 
tember, 1876. 

About  320  tons  of  ledge  and  bowlders  have  been  removed  from  this 
shoal  during  the  past  year,  leaving  about  40  tons  yet  to  be  removed. 

Removal  of  Kelly*8  Rock. — ^This  rock  lies  in  the  main  ship-channel, 
distant  about  700  yards,  in  a  direction  southeast  by  south  from  Bug 
light  (at  *'the  Narrows''),  and  in  the  line  of  enti'ance  buoy  No.  1  and 
Bug  light,  and  has  always  been  a  very  dangerous  obstruction  to  navi- 
gation. 

In  1869  work  was  commenced  upon  the  removal  of  this  ledge  to  the 
depth  of  23  feet  at  mean  low- water,  and  was  continued  up  to  the  end  of 
1870,  leaving,  as  shown  by  surveys  since  made,  a  large  area  not  having 
the  required  depth. 

Under  the  appropriation  of  March  3,  1875,  a  contract  was  made  May 
14, 1875,  for  completing  the  removal  of  this  rock.  Work  was  commenced 
under  this  contract  in  the  latter  part  of  May,  and  was  satisfactorily 
completed  in  September,  1875.  During  these  openitions  of  1875,  '70,  and 
'77  new  ledges  were  discovered  in  the  vicinity  of  Kelly's  Rock,  above  and 
below  it,  having  on  the  shoalest  pail;  a  depth  of  17^  feet  at  mean  low- water. 
To  reduce  them  to  the  projected  depth  of  23  feet  at  mean  low- water 
required  350  cubic  yards  of  excavation. 

Under  a  contract  made  in  June,  1877,  for  the  removal  of  200  cubic 
yards  of  this  ledge  at  $50  per  cubic  yard,  76^  cubic  yards  have  been 
broken  up  and  removed  to  grade  during  the  past  year.  Under  the  ap- 
propriation made  by  the  river  and  harbor  act  of  June  18,  1878,  proposals 
will  be  invited  to  complete  the  removal  of  all  these  ledges  by  contract. 

Removal  of  Tower  Rock, — ^This  rock  was  situated  in  the  main  ship- 
channel  at  "the  Narrows,"  about  100  yards  to  the  southwest  of  Great 
Brewster  Spit  light.  It  was  blasted  out  and  removed  in  1867  to  the 
projected  depth  of  23  feet  at  mean  low- water. 

Removal  of  Conein  Rock. — ^This  rock  was  situated  in  the  main  ship- 
ehannel  at  "the  Narrows,"  about  200  yards  to  the  southwest  of  Great 
Brewster  Spit  light.  It  was  blasted  out  and  removed  in  the  years  1868 
and  1869  to  the  projected  depth  of  23  feet  at  mean  low-water. 

Removal  of  sunken  ledge  between  Georges  Island  and  Great  Brewster 
Spit. — ^This  ledge  was  discovered  in  September,  1872,  in  a  resurvey  of 
"the  Narrows,"  made  under  the  direction  of  the  engineer  officer  now  in 
charge.  It  was  situated  near  the  middle  of  the  main  ship-channel,  dis- 
tant abont  317  yards,  in  a  direction  west  by  south  from  Bug  light.  It 
had  but  18.9  feet  of  water  over  it  at  mean  low- water,  and  was  conse- 
quently a  dangerous  obstruction  to  navigation  for  the  European  steam- 
ers and  other  large  vessels. 

Under  a  contract  made  August  31, 1874,  the  removal  of  this  ledge 
was  completed  in  September,  1874,  to  the  projected  depth  of  23  feet  at 
mean  low-water. 

Removal  of  Barrel  Rock  in  Broad  Sound. — This  was  a  bowlder,  lying 
about  one  mile  north  of  west  from  Green  Island  and  near  the  sailing 
line  of  the  Portland  and  other  Maine  steamers.  It  had  only  4  feet  of 
water  over  it  at  low  tide,  and  in  thick  weather  was  a  dangerous  obstacle 
to  navigation.    It  was  removed  in  1869. 
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Removal  of  State  and  Palmyra  RoeJcs* — By  a  survey  made  in  1873, 
under  the  durection  of  the  engineer  officer  now  in  chai'ge,  it  was  ascer- 
tained that  these  dangerous  rocks,  the  position  and  character  of  which 
had  previously  been  but  little  known,  consisted  of  bowlders  and  ledges, 
lying  on  the  southern  spurs  of  the  "  Lower  Middle,''  which  ocean-steam- 
ers and  other  large  vessels  had  occasionally  struck. 

Under  a  contract  made  August  31, 1874,  for  the  removal  of  these 
sunken  rocks,  work  was  commenced  upon  them  in  September,  1874,  and 
on  the  15th  of  June,  1875,  their  removal  was  completed. 

Removal  of  wreck  of  schooner  JDelos. — ^This  vessel  was  sunk  in  1872  in 
Nantasket  Roads,  about  100  yards  from  Fort  Wan^en  wharf,  in  about-- 
22  feet  of  water  at  mean  low-water,  and  was  broken  up  and  removed  in 
May  and  June,  1873. 

Improvement  of  Hingham  Harbor^  Ma^naohusetts. — In  the  appropri- 
ation for  Boston  Harbor,  made  by  act  of  March  3,  1875,  provision  was 
made  for  the  improvement  of  Hingham  Harbor,  Massachusetts,  to  an 
extent  not  exceeding  in  cost  $10,000. 

The  project  for  its  improvement  consisted  in  widening  and  deepening 
the  main  channel  so  as  to  have  a  width  of  not  less  than  100  feet  and  a 
depth  of  8  feet  at  mean  low- water  (or  about  6  feet  at  low- water  in  spring 
tides)  up  to  the  wharves  of  Hingham,  requiring  25,160  cubic  yards  of 
dredging  and  80  cubic  yards  of  ledge  excavation.  This  work  has  been 
completed. 

From  the  report  of  the  engineer  officer  in  charge,  it  is  seen  that  nearly 
all  the  works  hitherto  projected  for  the  improvement  of  Boston  Harbor 
have  been  completed,  and  the  following  remain  to  be  completed,  viz: 

1.  The  removal  of  about  275  cubic  yards  of  sunken  ledges,  discovered 
in  1875,  '76,  and  '77,  in  the  vicinity  of  Kelly's  Kocky^nd  about  30  cubic 
yards  of  ledge  at  the  Upper  Middle. 

2.  Completing  the  removal  of  ]S^ash's  Eock  (Shoal),  arrangements 
ha\iQg  been  m^e  for  doing  it  the  present  season. 

3.  The  removal  of  Man-of-War  Shoal,  in  the  upper  harbor,  requiring 
about  65,000  cubic  yards  of  dredging,  for  which  funds  are  available 
under  the  appropriation  made  therefor  by  the  river  and  harbor  act  of 
June  18,  1878. 

4.  Raising  and  repairing  the  southeastern  sea-wall  on  Lovell's  Island, 
for  which  funds  are  now  available  under  the  river  and  harbor  act  of 
June  18, 1878. 

5.  Widening  and  deepening  the  channel  through  Anchorage  Shoal  a8 
now  projected,  which,  it  is  estimated,  will  require  135,000  cubic  yards  of 
dredging. 

6.  Widening  the  diannel  at  the  Lower  Middle  as  now  prqjectecl, 
which,  it  is  estimated,  will  require  5,000  cubic  yards  of  dredging. 

7.  One  hundred  and  twenty-five  thousand  cubic  yards  of  dredging  for 
imi>roving  the  upper  harbor,  near  the  mouth  of  Mystic  River. 

For  the  work  described  in  the  last  three  items  (5,  6,  and  7)  no  appro- 
priations have  as  yet  been  made  by  Congress,  but  for  which  the  sum  of 
$165,000  will  be  required. 

July  1,  1877,  amount  available |41,  291  61 

Amount  appropriated  by  act  approved  June  18,  1878 55,  000  00 

196, 291  61 

July  1,  1878,  amount  expended  during  fiscal  year 21,  090  17 

July  1,  1878,  outHtanding  liabilities 4,  5(K)  20 

25,590  37 

July  1,  1878,  amount  available 70,701  24 

Amount  (estimated)  required  for  completion  of  e&istiug  project 165,  OUO  00 

(See  Appendix  A  11.) 
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12.  Improvement  of  Plymouth  Harbor j  Massachusetts. — ^The  several  ap- 
propriations heretofore  made  for  thi«  harbor  have  been  applied  to  the 
(!i>iLstraction  of  bulkheads,  jetties,  and  ^ins  for  the  preservation  and 
strengthening  of  Long  Beaeh,  upon  which  the  harlK)r  depends  for  its 
existence ;  also  to  the  partial  opening  of  a  channel  leading  from  the 
Middle  Ground  up  to  the  wharves  of  Pl>Tnouth.  This  channel  is  jm)- 
jeoted  to  have  a  width  of  100  to  125  feet' for  a  depth  of  (>  to  S  fi^et  at 
mean  low- water,  or  16  to  18  feet  at  mean  high- water.  In  1870  it  was 
openwl  to  a  width  of  al)ont  50  feet  up  to  Ijong  wharf,  and  to  a  deptli  of 
i\  feet  at  mean  low- water.  For  completing  this  channel  as  now  estimated 
l)y  the  engineer  officer  in  charge,  and  for  the  annual  reijairs  of  the  works 
built  for  t!ie  prieaen^ation  and  protection  of  Long  Beach,  an  additional 
appn)priation  of  $25,000  will  be  required. 

Jaly  I,  1877,  aiuonnt  available $93  92 

Amount  approimated  by  act  approved  June  18,  1878 5,  000  00 

$5,  093  92 

Jnly  1,  IH78,  amount  expended  daring  fiscal  year r>  85 

July  1, 1878,  amount  available 5,  08K  07 

Anionnt  (estimated)  requir«»d  for  completion  of  existing  j»roject 25,  (MM >  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18^0.  25,  (M)0  00 

(See  Apx>endix  A  12.) 

13.  Improvement  of  Prorincetotcn  Harbor,  Massachusetts. — The  several 
appropriations  heretofore  m^e  for  the  preservation  and  improvement  of 
this  harbor  have  been  applied  to  the  construction  of  the  following  works, 
viz : 

Bulkheads  and  jetties  of  various  descriptions  have  been  built  from 
time  to  time  along  Beach  Point,  for  its  preservation  and  protection,  both 
by  the  United  Staters  Government  and  by  the  local  authorities. 

A  dike  was  built  in  18(>8  and  1869  by  the  State  of  Massachusetts 
across  the  outlet  of  East  Harbor  Creek. 

A  dike  was  built  in  1868  and  1869  by  the  United  States  (Tovernment 
across  East  Harbor  Creek,  at  the  Wading  Place,  near  High  Head,  about 
2  miles  above  the  outlet  of  the  creek. 

Wooden  bidkheads  and  jetties  have  lieeii  built  at  different  times  for  the 
protection  and  preservation  of  the  beach  on  Long  Point  and  Beach  Point. 

A  stone  bulkhead,  al>out  1,000  feet  in  length,  has  been  complete<l  for 
the  protection  and  preservation  of  the  outer  end  of  Long  Point,  the 
lighthouse,  and  three-gun  battery. 

A  dike  (272  feet  in  length)  was  built  in  1871-'72  across  the  head  of 
Lancey's  Harbor,  near  Abel  HUl. 

^  Beach-grass  planted  on  Beach  Point,  Long  Point,  Abel  Hill,  Cove 
Section,  and  Oblique  Section,  and  at  the  last  two  places  brush  has  also 
been  laid  for  their  farther  protection. 

^  Tlie  projected  extension  of  the  several  jetties  on  Beach  Point  and 
State  Dike  has  been  completed. 

A  bulkhead  and  6  jetties  built  for  the  presentation  and  protection  of 
the  beach  at  Cove  Section,  near  High  Head,  were  encroached  ui)on  by 
the  extraordinary  gales  of  November,  1873,  and  January,  1874.  This 
Imlkhead  is  607  feet  in  length,  and  the  jetties  have  an  aggregate  length 
of  126  feet.  Tliey  consist  of  a  fi*ame-work  filled  with  brush  and  bal- 
lasted witli  stone,  and  were  comideted  in  December,  1874. 

Acf5iirate  resiirveys  were  made  in  1871,  '72,  '73,  '74,  and  '75  of  Cove 

Section,  Oblique  Section,  Beach  Point,  and  Long  Point,  together  with 

elaljorate  sonndings  and  current  observations  in  the  inner  harbor. 

All  the  works  pfojeeted  for  the  preservation  and  improvement  of  this 

iBTbor  sure  now  completed. 

The  amount  expended  during  the  fiscal  year  ending  June  30, 1878,  has 
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been  applied  to  extending  the  stone  bulkhead  on  Long  Point;  to  repair- 
ing the  bulkheads  and  jetties  at  Beach  Point  and  Cove  Section,  and  the 
dikes  at  High  Head  and  Abel  Hill;  and  to  planting  beach-grass  at  Cove 
Section  and  High  Head  Dike. 

The  sum  of  $1,000  appropriated  by  act  of  June  18, 1878,  is  to  be  ap- 
plied to  the  repairs  of  the  works  where  necessary,  including  some  addi- 
tional work  for  strengthening  the  stone  bulkhead  on  Long  Point. 

These  works  and  all  the  others  built  for  the  preservation  and  protec- 
tion of  this  harbor  will  require  continuous  watching  and  repairs,  for 
which  the  additional  sum  of  $1,000  is  asked  for  the  next  fiscal  year. 

July  1,  1877,  amount  available $3, 170  (>7 

Amount  appropriated  by  act  approved  June  18, 1878 1, 000  00 

$4, 170  67 

July  1,  1878,  amount  expended  during  fiscal  year 3,061^  38 

July  1,  1878,  amount  available 1,107  29 

Amount  (estimated)  required  for  completion  of  existing  project 1, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     1, 000  00 

(See  Appendix  A  13.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPEOVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Lieutenant-Colonel  Thom  has  been  charged  with  and  is  now  en- 
gaged upon  surveys  and  examinations  at  the  following  localities,  the 
results  of  which  will  be  duly  submitted  when  received : 

1.  Portsitiouth  Harbor.  New  Hampshire. 

2.  Scituate  Harbor ^  Massachusetts^  with  a  view  to  its  adaptability  as  a 
harbor  of  refuge, 

3.  Charles  River ^  MassachusettSy  to  the  head  of  tide-water. 

4.  Lincolnville  Harbor^  Maine, 

5.  Lubec  Channelj  Maine. 

IMPROVEMENT  OF  HARBORS  AND  RIVERS  ON  THE  .  SOUTHERN  COAST 
OF  MASSACHUSETTS  AND  IN  RHODE  ISLAND — ^IMPROVEMENT  OP  CON- 
NECTICUT RIVER. 

Officer  in  charge,  Maj.  G.  K.  Warren,  Corps  of  Engineers,  with  Gapt. 
D.  P.  Heap,  Corps  of  Engineers,  under  his  immediate  orders. 

1.  Improvement  of  Hyannis  Harbor^  Massachusetts. — Nothing  has  been 
done  at  this  place  during  the  past  fiscal  year. 

The  money  available  will  be  expeiuh'd  in  strengthening  the  break- 
water at  its  base  with  riprap  granite.  To  complete  the  projected  im- 
provement an  additional  appropriation  of  $7,000  will  be  required,  which 
it  is  desirable  should  be  made  available  as  soon  as  practicable,  in  order 
that  the  work  may  be  preserved  from  iiyury. 

July  1,  1877,  amount  available |42  94 

Amount  appropriated  by  act  approved  June  18,  1878 3,  000  00 

|3,  042  94 

July  1,  1878,  amount  expended  during  fiscal  year 42  94 

July  1,  1878,  amount  available 3,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 7, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  iSSO.    7, 000  00 

(See  Appendix  B 1.) 

2.  Improvement  of  Warehum  Harbor^  Massachusetts. — ^The  improvement 
of  this  harbor,  which  consisted  in  making  a  channel  9  feet  deep  at  meau 
low-water,  was  completed  in  1876.  The  mean  rise  of  tide  is  4  feet,  so 
that  vessels  drawing  13  feet  are  enabled  to  reach  the  wharves. 
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The  low  price  at  which  the  work  was  done  left  about  $2,000  after  the 
completion  of  the  improvement,  with  which  sum  a  "sand-catcher"  is 
beiug  built  on  Long  Beach  to  arrest  the  sand  carried  over  it  into  the 
harbor. 

Xo  farther  appropriation  is  required  unless  a  greater  depth  of  channel 
is  desired. 

Jnly  1, 18T7,  amoont  available |2^057  74 

July  1,  li}78,  amoant  expended  during  fiscal  year 1, 153  38 

Jnlvl,  1878,  amonnt.  available 904  36 

(See  Appendix  B  2.) 

3.  ImprovemerU  of  New  Bedford  Harbor^  Massachusetts. — ^The  improve- 
ment of  this  harbor  wa«  completed  during  the  fiscal  year.  The  original 
project  contemplated  a  channel  of  200  feet  in  width,  and  15  feet  deep  at 
mean  low- water,  from  the  deep  water  at  Fair  Ilaven  to  the  whar^'e8  at 
New  Be<lfortl,  at  an  estimated  cost  of  $24,000.  Owing,  however,  to  the 
prevailing  low  prices  of  labor^  &c.,  a  channel  300  feet  wide,  and  extend- 
ing further  along  the  harbor  Unes  than  was  originally  designed,  has  been 
completed  at  a  cost  of  $20,000. 

No  further  appropriation  is  required. 

July  1, 1877,  amount  available $9,654  60 

July  1, 1878,  amount  expended  daring  fiscal  year 8,  8:2  78 

Jnly  I,  1878,  amoant  available 801  82 

(See  Apx>endix  B  3.) 

4.  Improrement  of  Fall  River  Harbor^  Massachusetts. — Tlie  removal 
dnring  the  fiscal  year  of  12,857  cubic  yards  of  material,  including  bowl- 
ders of  various  sizes,  completed  the  projected  improvement  at  this  har- 
bor. The  channel  is  now  160  feet  wide  and  12  feet  deep  at  mean  low- 
water,  with  an  additional  width  of  100  feet  for  a  depth  of  11  feet  at  the 
same  stage  of  tide. 

The  estimated  cost  of  this  improvement  was  $45,000 ;  but  owing  to 
the  low  price  at  which  labor,  &c.,  was  obtained,  it  was  completed  for  the 
mm  of  $30,000. 

•Inly  1,  1877,  amoant  available |10,  256  47 

Jnly  1,  1878,  amount  ex])ended  daring  fiscal  year 10,  256  47 

(See  Appendix  B  4.) 

5.  Improvemejit  of  Taunton  River ^  Massachusetts. — There  being  no  funds 
available  for  the  improvement  of  this  river  nothing  was  done  during  the 
fiscal  year. 

A  channel  of  60  feet  in  width  and  9  feet  in  depth  at  mean  high-water 
practically  exists  as  far  as  Weir,  through  the  portion  of  the  river  for 
which  improvement  was  projected. 

It  is  proi)osed  to  expend  the  appropriation  of  $2,000  made  by  the  act 
of  Jime  18, 1878,  in  removing  bowlders  from  the  sides  and  bottom  of 
this  channel.  To  complete  the  imi)rovement  previously  estimated  for 
▼ill  require  an  additional  appropriation  of  $3,000. 

July  1, 1877,  amount  available |100  93 

Amoimt  appropriated  by  act  approved  Jane  18,  1878 2,  000  00 

|2,  100  93 

Jnly  1, 1878,  amoant  expended  daring  fiscal  year 100  93 

July  1,1878,  amoant  available 2,000  00 

^onnt  (estimated)  reqaired  for  completion  of  existing  project 3,  000  00 

Amoant  that  can  Ue  profitably  expended  in  fiscal  year  endiiig  June  30, 
1890 3,000  00 

(See  Appendix  B  5.) 
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6.  Improve^nent  of  Pawtueket  or  Seekonk  River j  Rhode  Island. — ^o  work 
lias  been  done  during  the  fiscal  year,  and  none  will  be  done  this  season 
unless  the  shoals  become  troublesome  or  the  channel  is  accidentally 
obstructed. 

July  1,  1877,  amoniit  available $1,511  28 

July  1,  1878,  ainoiiut  expended  during  fifical  year 127  75 

July  1,  1878,  amount  available 1,38:}  53 

(See  Appendix  B  6.) 

7.  Improvement  of  Providence  River  and  Xarragansett  Bay,  Rhode 
Island. — The  project  for  this  improvement  consists  in  making  a  wide 
channel,  ^\ith  a  central  depth  of  23  feet  at  mean  low-water,  from  Provi- 
dence to  the  sea,  at  an  estimated  cost  of  about  $500,000.  (See  special 
report  in  Appendix  B  7.) 

The  i)resent  ruling  depth  is  about  14  feet,  the  mean  rise  of  the  tide 
being  about  4.7  feet. 

It  is  proposed  to  expend  the  appropriation  of  $50,000  made  by  the  act 
of  Jiuie  18,  1878,  in  dredging  a  channel  23  feet  deep  at  mean  low-water 
to  such  width  as  the  means  at  hand  Avill  allow — ^not  exceeding,  however, 
200  feet. 

Tlie  appropriation  of  $5,000  contained  in  the  same  act  for  the  removal 
of  Bidkliead  Rock  in  this  river  is  insufficient  for  its  removal  to  the 
required  depth  (23  feet),  and  it  is  proi)osed  to  reserve  it  until  a  further 
appropriation  is  made  for  continuing  the  improvement  of  the  river, 
when  its  removal  may  be  undertaken. 

The  amount  required  for  continuing  the  improvement  during  the  next 
fiscal  year  is  $100,000. 

Improving  Providence  River  and  Karragansett  Bay : 
Amount  appropriated  by  act  approved  June  18,  1878 $50, 000  00 

July  1,  1878,  amount  available 50,000  00 

Aiuonut  (estimated)  required  for  completion  of  existing  project 450, 000  00 

Amount  that  can  be  proiitablv  expended  in  fiscal  year  ending  June  30, 

18^ .'..... 100,000  00 

Improving  Providence  River ^  Rhode  Island.    Removing  Bulkhead  Rock: 

July  1,  1877,  amount  available $74  98 

Amount  appropriat^fd  by  act  approved  June  18,  1878 5, 000  00 

t5,074  98 

July  1,  1878,  amount  exi)ended  during  fiscal  year 74  9h 

July  1,  1878,  amount  available 5,000  00 

(See  Appendix  B  7.) 

8.  Improvement  of  Newport  Harbor,  Rhode  Island. — Nothing  has  be^n 
done  here  during  the  past  fiscal  year  and  no  work  is  contemplated  dur- 
ing the  next. 

July  1,  1877,  amount  available |30  14 

July  1,  1878,  Amount  expended  during  fiscal  year 30  14 

(See  Appendix  B  8.) 

0.  Improvement  of  Block  Island  Harbor.  Rhode  Island. — ^During  the 
fiscal  year  there  have  been  25,227  tons  of  riprap  granite  put  into  the 
breakwater  and  517  tons  of  bowlders  removed  from  the  anchorage  shel- 
tered by  it. 

The  bi-eakwater  now  extends  out  1,425  feet  from  the  shore.  A  de- 
tached piece  300  feet  in  length  ha«  been  built  from  a  point  200  feet  from 
the  head  or  outer  end  of  the  main  work. 
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A  contract  has  been  made  for  completing  the  work  with  the  above  di- 
mensions with  the  available  funds.  When  this  is  done  the  harlior,  for 
local  purposes,  will  be  completed.  No  further  appropriation  is  asked  for 
this  work. 

July  1,  1«77,  amount  available $46,978  96 

July  1,  1878,  amount  expended  during  fiscal  year 41, 424  24 

July  1,  1878,  amount  available 5,554  72 

(See  Appendix  B9.) 

10.  Improvement  of  Pawcatuck  River ^  Rhode  Island  and  Connecticut — No 
work  has  been  done  here  during  the  past  fiscal  year  and  none  is  con- 
templated during  the  next. 

July  1,  1877,  amount  available |101  97 

July  1,  1878,  amount  expended  during  fiscal  year 101  97 

(See  Api)endix  B 10.) 

11.  Improvement  of  Little  Narragansett  Bay,  Rhode  Island  and  Connecti- 
cut.— The  impi-ovement  in  this  bay  was  begun  during  the  fiscal  year,  and 
4,015  cubic  yards  of  material,  including  bowlders  of  a  size  less  than  one 
cubic  yard,  were  removed  by  contract  at  a  cost  of  30  cents  per  cubic 
yard,  and  69  cubic  yards  of  bowlders  exceeding  one  cubic  yard  in  size 
at  a  cost  of  $5  per  cubic  yard. 

There  were  also  removed  by  hired  labor  131  cubic  yards  of  dangerous 
rocks. 

The  estimate  cost  of  the  projected  improvement  is  $51,000,  of  which 
$1.5,000  has  been  appropriated,  leaving  $36,000  still  to  be  appropriated 
to  complete  this  work. 

This  improvement  is  designed  to  make  a  safe  channel  through  tfie 
shoals,  where  the  ruling  depth  is  now  4J  feet  at  mean  low- water,  of  not 
less  than  7^  feet  at  mean  low- water  and  200  feet  width.  The  mean  range 
of  the  tide  is  about  2^  feet. 

July  1,  1877,  amount  available $5,000  00 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

tl5,  000  00 

July  1,  1878,  amount  expended  during  fiscal  year 4,320  62 

July  1,  1878,  amount  available 10,679  38 

Amount  (estimated)  remiired  for  completion  of  existing  project 36, 000  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .      36,  000  00 

(See  Appendix  B 11.) 

12.  Improvement  of  Connecticut  River j  below  Hartford^  Connecticut-^ 
This  improvement  consists  in  removing  shoals  between  Hartford  and 
Middletown,  and  in  deepening  the  water  on  the  bar  at  the  mouth  of  the 
river  (Say brook  Bar)  by  means  of  stone  jetties^he  littoral  current  of  the 
sound  preventing  any  extension  of  the  bar.  During  the  fiscal  year  the 
bars  between  Hartford  and  Middletown  were  dredged  so  as  to  give  a 
channel  with  9  feet  depth  at  mean  low-water,  the  work  being  done  by  a 
dredge  hired  for  the  piupose.  The  wreck  of  the  schooner  E.  F.  Meany 
was  removed  from  Saybrook  Bar. 

The  funds  remaining  were  insufficient  for  continuing  work  upon  the 
jetties. 

With  the  $30,000  appropriated  by  act  of  Congress  approved  June  18, 
1878,  it  is  intended  to  dredge  the  shoals  between  Hartford  and  Middle- 
town  at  such  places  as  at  low-water  may  be  found  to  be  necessary,  to 
dredge  the  bar  at  the  mouth  of  Salmon  Eiver,  and  to  extend  the  east 
jetty  at  Saybrook  Bar  to  outer  edge  of  the  bar. 
4e 
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All  additional  appropriation  is  asked  for  continuing  the  work  on  Say- 
brook  Bar  and  for  dredging  the  shoals  between  Hartford  and  Middle- 
town. 

July  1,  1877,  amount  available |10, 713  75 

Amount  appropriated  by  act  approved  June  18,  1878 30,  000  00 

$40, 713  75 

July  1,  1878,  amount  expended  during  fiscal  year 8,  569  07 

July  1,  1878,  amount  available 32,144  68 

Amount  (estimated)  required  for  completion  of  existing  project 30,  Oik)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       30,  000  00 

(See  Appendix  B 12.) 

13.  Improvement  of  Connecticut  River  above  Hartford^  Connecticut^  and 
below  HolyokCy  Mamacliusett^. — Thorough  8iir\^eys  have  been  made  of  this 
portion  of  the  river,  upon  which  projects  for  improvement  with  estimates 
of  cost  have  been  based. 

The  reports  upon  the  surveys  were  consolidated  and  printed  by  order 
of  the  House  of  Kepresentatives  at  the  last  scvssicm  of  Congress  as  p]x- 
ecutive  Document  ^N^o.  101,  House  of  Kepresentatives,  and  forms  Appeu- 
endix  B 14  of  this  report. 

The  object  of  the  improvement  heretofore  attempted  was  Xo  produce 
at  Barber's  Landing  Bar,  by  dredging  (through  phiees  where  the  natural 
depth  wa«  from  1 J  to  2  feet),  and  at  Sciintic  Bar  and  Strong's  Island  Bur, 
by  means  of  wing-dams,  a  depth  of  3  feet  at  low-water. 

'  The  wing-dams  effected  the  desired  result,  and  the  depth  has  been 
peruianently  mainkuned.  The  dredged  portions,  however,  have  been 
rt^filled,  and  there  exists  in  them  at  the  present  time  at  low-water  a  de[>th 
of  18  in(!hes.  This  it  is  proposed  to  remedy  by  the  constniction  of  \\iii<j:- 
dams,  which  will  be  completed  during  the  next  fiscal  year. 

Such  improvement  is  desired,  however,  as  will  give  an  available  chan- 
nel at  low-water  for  vessels  drawing  G  feet,  and  of  dimensions  larger  than 
those  that  now  pass  through  the  existing  canal  at  Enfield  Falls, 

The  rectification  of  the  river  between  Hartford  and  Enfield  Palls  will 
form  an  essential  part  of  this  unprovement,  and  an  approi)riati(>n  of 
$1(M),0(M)  for  commencing  it  is  recommended  by  the  officer  in  charge.  Tlie 
improvement  of  the  whole  portion,  a  distance  of  about  12  miles,  ^nll,  it 
is  estimated,  cost  abcmt  $1,(K)0,()00. 

The  improvement  around  the  Enfield  Falls  will  require  a  new  canal  and 
locks,  at  an  estimated  cost  of  about  $  1,()(M),()()().  The  officer  in  charge  sub- 
mits an  estimate  for  commencing  it  of  $20(),(M)0.  He  considers  this  more 
urgc^nt  than  the  other  improvement,  as  it  would  make  available  few  navi- 
gation the  medium  stages  of  the  river,  which  afford  a  navigable  cai)a<»ity 
gi(»at(T  than  that  of  the  existing  canal. 

The  falls  are  at  all  times  imi)a«sable. 

No  immediate  improvenient  between  Enfield  Falls  and  Holyoke  is 
re(iuired. 

Connecticut  River  above  Hartford  and  below  Enfield  Falls: 

July  I,  H77,  amount  jivuilalde |1.',  51)2   47 

Jnly  1,  1H7H,  amount  exjUMided  durin*^  tisral  year (5^9  71 

July  1,  1878,  amount  available 14,  i).{i  7G 

(Connecticut  River  on  or  above  Enfield  FallHj  Connecticut j  and  below 
Holj/okCj  MasHachuaettH : 

July  1 ,  1877,  amount  available ^10,  70  >  92 

July  1,  1878,  amount  available II),  }i)2  ii^ 

Amount  (c'stinuitrd)  n"|uin'd  for  conipb'tion  of  projiOHcd  i)roj(H*t S^.\  Hil    (K) 

(See  Appendix  1513.) 
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EXAMINATIONS  AND  SUBYEYS  FOR  IMPROVEMENT. 

To  comply  with  the  proWsions  of  the  river  and  harbor  act  of  June 
18, 1878,  Major  Warren  has  been  charged  \nth  and  is  now  engaged 
ujwn  examinations  and  siu^veys  at  the  following  localities,  the  results  of 
which  ^all  be  duly  submitted  when  received : 

1.  Westport  Harbor  J  Mmmehmetts, 

2.  Wood^s  Holly  Massachusetts. 

mPROVEMENT   OF  HARBORS  ON  LONO  ISLAND   SOXTND. 

Officer  in  charge,  Major  J.  W.  Barlow,  Corps  of  Engineers. 

1.  Impravejnent  of  Stonington  Harbor ^  Connecticut — No  appropriation 
for  this  improvement  having  been  made  for  the  past  fiscal  year,  work 
at  this  harbor  was  suspended. 

The  convenience  of  this  locjation  as  a  harlwr  of  refuge,  \iith  depth  of 
water  sufficient  for  any  vessel  that  may  require  its  protection,  renders 
the  early  completion  of  the  breakwater  designed  to  cover  the  anchorage 
of  much  importance. 

With  the  appropriation  of  $40,000  by  the  act  of  June  18,  1878,  this 
work  will  be  extended  about  600  feet. 

The  sum  of  $75,000  can  l>e  profitably  expended  in  a  further  extension 
during  the  next  fiscal  year. 

Jaly  1,  1877,  amonut  available $44  63 

Amouut  appropriated  by  act  approved  June  18,  1878 40,  (KK)  00 

$40,044  63 

July  1,  1878,  outstanding  liabilities 40  (K) 

July  1,  1878,  amount  available 40, 004  63 

Amount  (estimated)  required  for  completion  of  existing  project 166, 536  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  eudi ug  June  30, 1880 .       75, 000  00 

(See  Appendix  C 1.) 

2.  Improvement  of  Thames  River,  Connecticut — An  examination  of  the 
shoals  near  Norwich  has  been  made  with  a  view  to  commencing  their 
removal  under  the  appropriation  of  $10,000,  made  at  the  last  session  of 
Conpi'ess. 

Citizens  of  Norwich  have  petitioned  the  officer  in  charge  to  increase 
the  dei>th  to  12  feet  at  mean  low- water.  This  plan,  at  an  estimated  cost 
of  $7o,000,  is  recommended  by  him. 

An  examination  of  a  shoal  near  the  new  wharf  at  New  London  has 
also  l»een  made,  and  an  estimate  submitted  for  its  removal. 

Amount  api)ropriated  bv  act  approved  June  18,  187H |1(),  000  00 

July  1,  1«*78,  amonut  available 10,(MH)  00 

Amount  («*stimated)  required  for  completion  of  existing;  pn>ject 81, 8(K)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1H80.     25, 000  00 

(See  Appendix  C  2.) 

3.  Improvement  of  Ifew  Haven  Harbor,  Connecticut. — No  work  was 
done  ui)on  this  improvement  during  the  past  fiscal  year. 

With  the  appropriation  of  $2.'i,(M)0  now  available,  thedumnel  between 
Fort  Hale  and  Lcmg  Wharf  will  be  widened  to  about  325  feet,  witli  a 
de]>th  of  16  feet  at  mean  low-water. 

The  c>onimercial  iniportan(HM)f  New  Haven  is  represented  as  justifying 
increa^Hl  harbor  facilities,  the  prest^iit  ship-chaimel  not  being  adeipiate 
to  the  growing  commerce  of  the  city. 

In  answer  to  a  resolution  of  the  House  of  Representatives,  January 
21,  1875,  plans  and  estimates  were  submitted  for  the  enhirgenient  of  the 
channel  of  this  harbor,  and  for  the  constniction  of  a  breakwater  from 
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the  new  light-house  on  Southwest  Ledge  to  Quixe's  Ledge,  so  as  to 
afford  secm-e  anchorage  in  stormy  weather  for  the  commerce  of  Long 
Island  Sound  at  its  widest  and  most  dangerous  point  and  midway  of  its 
length. 

Should  Congress  approve  this  project,  the  sum  of  $100,000  could 
be  profitably  expended  toward  its  construction  during  the  first  fiscal 
year. 

July  1,  1877,  amount  available $2,612  23 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

— ^ $27,612  23 

July  1,  1878,  amount  expended  during  fiscal  year 467  61 

July  1,  1878,  outstanding  Uabilities 200  00 

667  61 

July  1, 1878,  amount  available 26,944  62 

Amount  (estimated)  required  for  completion  of  proposed  project : 

Breakwater 400,000  00 

Dredging 180,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1880  (as  revised  in  this  office) 15,000  00 

(See  Appendix  0  3.) 

4.  Improvement  of  Milford  Sarbor^  Connecticut — ^o  appropriation  was 
made  for  this  harbor  for  the  past  fiscal  year.  With  the  balance  on  hand 
the  long  jetty  has  been  repaired  and  a  general  supervision  of  the  im- 
provements maiatained. 

With  the  present  appropriation  of  $10,000  the  long  jetty  will  be  com- 
pleted, the  dredged  channel  widened  to  100  feet  and  extended  through 
the  upper  harbor  to  the  Town  Wharf.  The  officer  iq  charge  refers  to 
previous  recommendations  and  estimates  for  a  substantial  jetty  off 
Welch's  PoiQt  to  protect  the  bluffs  from  erosion  and  to  provide  a  desir- 
able harbor  of  refuge.  •  This  jetty  will  cost  $45,000,  and  the  whole  sum 
could  be  most  advantageously  applied  during  one  fiscal  year. 

July  1,  1877,  amount  available $445  84 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$10,445  84 

July  1, 1878,  amount  expended  during  fiscal  year 313  07 

July  1,  1878,  amount  available 10,132  77 

Amount  (estimated)  required  for  completion  of  proposed  project 45, 000  00 

(See  Appendix  0  4.) 

5.  Improvement  of  Housatonic  River,  Connecticut — The  officer  in  charge 
recommends  the  removal  of  the  obstruction  known  as  Drew's  Bock,  should 
it  be  found  upon  examination  that  the  work  can  be  done  at  a  moderate 
expense.  This  is  with  a  view  to  making  permanent  the  channel  through 
the  adjoining  sand-bar,  which  constantly  re-forms  by  the  action  of  eddies 
which  are  caused  by  that  obstruction. 

An  appropriation  of  $5,000  is  asked  for  the  ensuing  fiscal  year  for  that 
purpose. 

July  1,  1877,  amount  available $17  73 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 

$5, 017  73 

July  1,  1878,  amount  available 5,017  73 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    5, 000  00 
(See  Appendix  0  5.) 

6.  Improvement  of  Bridg^rt  Harbor^  Connecticut, — ^The  appropriation 
August  14,  1876,  was  applied  to  dredgmg  in  the  upper  harbor,  making 
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the  channel  from  the  steamhoat  wharf  to  the  lower  bridge  450  feet  wide 
and  9  feet  deep  at  mean  low- water. 

At  least  one-half  of  the  present  appropriation  will  be  devoted  to  dredg- 
ing above  the  bridge^  with  a  view  to  making  a  channel  100  feet  wide  and 
9  feet  deep  at  mean  low- water,  as  far  as  the  horse-railroad  bridge.  With 
the  remainder  the  12-foot  channel  will  be  widened  between  flie  sound 
and  the  inner  beacon. 

The  existing  project  contemplates  the  widening  of  the  12-foot  channel 
on  the  outer  and  inner  bars  to  300  feet. 

Joly  1, 1877,  amount  available |9,  866  95 

Amoant  appropriated  by  act  approved  Jane  18,  1878 10, 000  00 

$19,886  95 

July  1, 1878,  amonnt  expended  during  fiscal  year 9,754  22 

July  1, 1878,  amount  available 10,  i;)2  73 

Amoant  (estimated)  required  for  completion  of  existing  project 30, 000  00 

Affioont  that  can  be  profitably  expended  m  fiscal  year  euoing  June  30, 1880.    20, 000  00 

(See  Appendix  C  6.)  . 

7.  Improvement  of  Southport  Harbor j  Connecticut — With  the  appropri- 
ation of  $5^000  made  August  14,  1876,  the  breakwater  and  dike  have 
been  repaired,  the  material  used  in  repairing  the  dike  having  been 
obtained  &om  the  channel  by  dredging. 

The  available  funds  were  found  siSftcient  to  excavate  a  channel  60 
feet  wide  and  4  feet  deep,  at  mean  low- water,  from  the  outer  beacon  to 
above  the  breakwater. 

The  engineer  officer  in  charge  recommends  an  appropriation  of  $5,000 
to  widen  this  channel  to  100  feet. 

Jnly  1, 1877,  amount  available |5,063  93 

July  1. 1^8,  amount  expended  during  fiscal  year $3, 185  19 

July  1,1878,  outstanding  liabilities : 1,226  05 

4,411  24 

Julyl,  1878,  amount  available 652  69 

Amoant  (estimated)  required  for  completion  of  existing  project 5,  000  00 

{See  Appendix  C  7.) 

8.  Improvement  of  Port  Jefferson  Harbor ^  Long  Island^  New  TorJc. — ^The 
east  side  jetty  was  repaired  and  raised  to  a  height  of  4  feet  at  mean 
high-water.  A  gap  at  the  shore  end  was  filled,  and  the  plank  fence 
extended  farther  inland. 

Both  jetties  are  now  in  good  condition,  but  should  be  carried  out  to 
the  9-foot  curve  to  produce  their  full  effect. 

A  channel  25  feet  feet  wide  and  8  feet  deep  at  mean  low- water  was 
eat  through  the  bar  during  the  season. 

The  officer  in  charge  believes  that  the  width  of  this  channel  will  be 
increased  by  the  action  of  the  currents  upon  completion  of  the  jetties, 
bat  should  this  not  be  the  case,  owing  to  the  heaA^  nature  of  the  mate- 
rial of  which  the  bar  is  composed,  he  recommends  that  it  be  widened  to 
100  feet  by  dredging. 

Joly  1, 1877,  amount  available $11,261  64 

AxDoont  appropriated  by  act  approved  June  18,  1878 8,  000  00 

$19,  261  64 

Jolyl,  1«78,  amount  expended  during  fiscal  year 10,  306  76 

Joiy  1,  lfi78^  amount  available  8,954  88 

^awoD^  (etrtimated')  required  for  completion  of  existing  project 25,  000  00 

^iumnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      25,  000  00 

(See  Appendix  C  8.) 
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9.  Improvemefit  ofKoricalk  Harbor^  Connectiait. — For  the  want  of  funds 
this  iiuprovemeiit  has  been  suspended  dming  tlie  past  two  years. 

The  i)resent  appropriation  will  be  applied  toward  the  enlargement  of 
the  ujiper  channel  to  a  width  of  100  feet  and  depth  of  0  feet  at  mean 
low-water. 

To  continue  this  work,  the  officer  in  charge  recommends  an  appropria- 
tion of  $15,000  for  the  next  fiscal  year. 

Ainoinit  appropriated  bv  act  approved  Juno  18,  1878 $6,  000  00 

July  1,  1878,  amount  available 6,000  00 

Amount  (eKtimated)  required  for  completion  of  existing  project 24,  000  00 

Amount  that  can  be  i)rotitably  expended  in  fiHcal  year  ending  June  30,  1880.  15,  000  00 

(See  Ap])endix  C  9.) 

EXAMINATION  AND   SUKVEY  FOR   IMPR0^T:MENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18,  187S, 
IVIajor  Barlow  has  been  charged  with  and  is  now  engaged  upon  sui'\'ey 
and  examination  of  t]w  Thames  River^  Connecticut,  the  result  of  which 
will  be  duly  submitted  when  received. 


IMPROVEMENT  OF  HUDSON  RnrER — REMOVAL  OF  OBSTRUCTIONS  IN 
EAST  RI\^R,  INCLl'DINO  DELL  GATE  —  niPROVEMENT  OF  HARI.EM 
RIVER  AND  EAST  CHESTER  CREEK,  AND  OF  THE  HARBORS  OF  PORT 
CHESTER  AND  RONDOUT,  NEAV  YORK;  PASSAIC  AND  RARITAN  RIVERS, 
AND  THE  CHANNEL  BET^VEEN  STATEN  ISLAND  AND  NEAV  JERSEY; 
HARBORS   ON   LAKE   CHAMPLAIN. 

Officer  in  charge,  Lieut.  Col.  John  Newton,  Coq)S  of  Enpneers,  who 
has  under  his  immediate  orders  Capt.  James  Mercur  and  Lieut.  J.  H. 
Willard,  Corps  of  Enpneers. 

1.  Improrcment  of  Hmhon  River ^  Xeir  York, — Duiing  the  fiscal  year  a 
comi)lete  survey  has  been  made  of  the  river  from  the  State  dam  at  Tix>y 
to  the  south  end  of  H()U|»litailin|?  Island,  Xew  Baltimore,  and  also  re-ex- 
aminations after  dredging  by  the  State  engine(»r  and  surveyor. 

A  coini)lete  hydrograi)hic  map,  on  scale  ^  oVo^  ^^*^^  been  prepared  in  five 
slu^ets,  giving  the  latest  inibrnmtion  of  the  condition  of  the  river  at  the 
close  of  the  season  of  1877,  from  Troy  to  New  Baltimore.  The  work 
done  diH-ing  the  fiscal  year  has  been  as  follows: 

Feet. 

Coin]»leti<>ii  of  first  dike,  overslaiip^h  syHtcin ii,  01 1 

( Nmstnic'tion  of  second  dike,  overslaugh  system 1,  r,(>,-^ ^s, 

ConstriH'tioii  of  seeoml  half-dike,  overslauj^h  system 4-\S 

( 'imstruetion  of  third  dike,  overslaiifjh  system 2,  OKU 

CoiistriU'tioii  of  third  half-dike,  overshiuj^h  system (>:i7' 

(xonstnietioii  of  lUke  at  Uath t*:U 

Construction  of  dike  at  C'oeymans 174 

Repairs  at  Hill  House  Island,  Heacon  Island,  Van  Wies  Point,  Parda  Hook,  aiul 
dike  at  Coeymaus. 

Dredging  under  State  appropriation : 

Cubic 
yaiTl«. 

]5etween  Alhany  and  Troy 24,  s:?:j 

IJet  ween  Alhany  and  New  15altimore ao,  ^o*> 

Amount  removetl  to  date 22(5,  d42 
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Jnh  1.  1877,  amount  available $:^6,  860  42 

.inumnt  annropriatetl  b\'  act  approved  Juue  18,  1878 70,  (K)0  00 

$106,860  42 

July  1,  1878,  amount  expended  during  fiscal  year 30, 771  H9 

Julv  1,  1878,  outstanding  liabilitieH ' 89  03 

36,  860  42 

July  1,  1878,  amotiut  available 70,  (HM)  00 

Ainount  (estiuiated)  required  for  coinpletion  of  existing  jirojeet .*0.),  016  47 

Aiiumiit  that  can  be  profitably  exi)ended  iu  fiscal  year  ending  June  :iO,  1880.       95, 016  47 

(8*^  Appendix  D  1.) 

2.  Femortng  obstruction  hi  Emt  River  and  at  HeU  Gate^  Xeir  Yorl\, 
(HnUef-H  Point.) — The  contract  with  Mr.  Emory  K.  Seward  for  tlie  re- 
moval of  broken  rock  from  this  reef  was  extended  from  Jnne  30, 1S77^  to 
November  1,  1877,  and  frimi  the  commencement  of  the  year  to  ch)sin<if 
tbe  ('(mtract  13,282  tons  of  rock  were  remov(»d. 

(Ml  expiration  of  Mr.  Seward's  contract,  after  dne  public  notice,  con- 
tRut  was  ma<le  with  the  Atlantic  Dred^in|i^  Company  for  the  n»moval  of 
:io.(M)0  t<ms  of  broken  rock.  Work  was  commenced  in  Jannaiy,  1S7S, 
and  at  the  ch)se  of  the  year  (),<>83  tons  of  brok(»n  rock  were  remov(»d. 
From  Nt>veinl>er  1,  1877,  to  December  19,  1877,  the  work  of  removing 
the  broken  roctk  was  continued  by  hiring  (hedges  and  grappk\s  l)y  tlie 
•liv,  and  3,293.38  tons  were  removed. 

Flftofl  Rod', — No  work  was  done  except  to  remove  tbe  shops  and  store- 
houses fV)rmerly  used  in  the  work  on  Hallet's  Point. 

The  survey  of  this  rock  and  the  reef  has  been  complected  and  idotted. 

During  the  latter  part  of  June,  1878,  a  few  men  were  employed  in  get- 
riii^r  the  machinery  and  pumi)s  in  order  preparatory  to  resuming  active 
oiH^-ations. 

Steam-drilUng  hcoic. — Owing  to  want  of  funds,  no  work  was  done  by 
tliis  machine  during  the  year. 

I'jly  1.  1-77,  amount  available $123,  355  78 

Aiiiouiit  appropriated  bv  act  approved  .June  18,  1878 :350,  000  00 

^473,  355  78 

JmIv  1,  l'^8,  ainonnt  ex]>end<'d  during  fi«eal  year 8(i,  050  27 

-bily  1,  187H.  oiitHtanding  liabilities T 4,  345  30 

90,  395  57 

Inly  1.  1.*'78,  amount  available 3^-2,  9};o  21 

Aniount  (estimated)  required  for  eoinpletion  of  existing  project 2,  ^^H3,  1*27  55 

AinoiHit  that  can  Im?  profitably  expended  in  fim-al  ye«ren<Ung  Jnne30,  IK'^O.       OOO,  000  00 

(StH»  Ai>peiKlix  D  2.) 

X  Improvement  of  Harlem  River,  Xeic  Yorl\ — The  ai)propriation  for 
this  work  was  made  June  18,  1878,  and  the  act  contains  a  proviso  tliat 
it  i>  U(»t  available  until  the  right  of  way  is  secMr(»d  to  the  United  States 
tiH*  of  cost.     Xegotiaticms  to  that  end  are  now  in  progress. 

AiiHHinl  appro])ria t**d  bv  act  approved  June  18, 1H7H !S300,  OoO  (H) 

J'»l>  1.  I'Cr*,  amount  available 300,  (HH)  00 

Ai  joiint  (estimated)  required  for  comjdetion  of  existing  ])ro.iect 1,  700.  (KM)  (M) 

Ainniint  that  can  hf  profitablv  expended  in  fiscal  venr  ending  Jnne  30, 
1-Hi ; 700,  000  00 

l8ee  Appendix  D3.) 

4.  Improvement  of  FaHmie  River,  Xew  Jersey, — From  the  commence- 
meut  of  the  fiscal  year  to  January,  1878,  work  was  continued  in  clearing 
the  channels  from  hrnse  stones  and  dieclging  a  shoal  near  the  Erie  Kail- 
^rdi\  bridge. 

^Vith  the  appropriation  of  June  18,  1878,  it  is  proposed  to  continue 


.  Digitized  by  VjOOQIC 


56  REPORT  OF   THE   CHIEF   OF   ENGINEERS. 

the  clearing  the  channel  of  loose  stones,  and  to  drill  and  blast  a  num- 
ber of  large  bowlders. 

July  1,  1877,  amount  available $8,  565  46 

Amouut  appropriated  by  act  approved  June  18,  1878 10, 000  00 

118,565  46 

July  1,  1878,  amount  expended  during  fiscal  year 7, 956  54 

July  1,  1878,  amount  avaUable 10,608  92 

Amount  (estimated)  required  for  completion  of  existing  project 13, 924  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      5, 000  00 

(See  Api>endix  D  4 ) 

5.  Improvement  of  East  Chester  Creeks  N'ew  York. — The  work  under 
contract  on  the  cut  100  feet  wide  and  about  2,200  feet  long  was  com- 
pleted. 

The  following  work  not  included  in  the  contract  was  done  by  hired 
labor:  14,855  cubic  yards  of  mud,  clay,  and  bowlders  removed  from  the 
cut  near  the  bridge  on  the  Boston  road,  and  16,235  cubic  yards  from  the 
west  bank  of  the  channel  opposite  Goose  Island. 

July  1,  1877,  amount  available |29,  718  87 

Amouut  appropriated  by  act  approved  June  18,  1878 10,  000  00 

$39,  718  87 

July  1,  1878,  amount  expended  during  fiscal  year 29,  707  12 

July  1,  1878,  amount  available 10,011  75 

Amount  (estimated)  required  for  completion  of  existing  project 89,  500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     10,  000  00 

(See  Appendix  D  5.) 

6.  Improvement  of  Port  Chests  Harbor^  N'ew  York — No  appropriation 
having  been  made  for  this  work,  no  work  was  done  during  the  year. 

July  1,  1877,  amount  available f2,  200  00 

July  1,  1878,  amount  expended  during  fiscal  year 250  00 

July  1,  1878,  amount  available 1,950  00 

Amouut  (estimated)  required  for  completion  of  existing  project 84,632  00 

(See  Appendix  D  6.) 

7.  Improvement  of  harbor  at  Rondout^  N'ew  York. — ^The  branch  dike, 
883  feet  long,  was  completed  September  12, 1877,  and  the  south  dike, 
893.6  feet  long,  June  1,  1878. 

A  fender  of  pile-work  has  been  placed  around  the  junction  of  the  north 
and  south  dikes  to  protect  it  from  collisions  by  vessels  entering  the 
harbor. 

Spring-piles  were  driven  along  the  face  of  the  north,  branch,  and 
south  dikes  to  mark  their  location  at  high- water. 

July  1, 1877,  amount  available $23,289  77 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

$53,289  77 

July  1,  1878,  amount  expended  during  fiscal  year 18,786  24 

July  1,1878,  amount  available 34,503  53 

(See  Appendix  D  7.) 

8.  Improvement  of  channel  between  Staten  Island  and  New  Jersey. — ^No 
work  has  been  done  during  the  year,  as  the  ettbrts  to  ascertain  fi'om 
those  most  largely  interested  in  the  improvement  of  this  channel  what, 
in  their  opinion,  the  needs  of  commerce  require  have  not  rcvsulted  in 
anything  satisfactory  enough  to  warrant  the  exi)enditure  of  the  funds 
available. 
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July  1,1877,  amoimt  ST^ftilable $10,229  74 

Amount  appropriated  by  act  approved  June  18,  1878 15,  000  00 

$25, 229  74 

July  1, 1878,  amount  expended  dniing  fiscal  year 5  00 

July  1, 1878,  amount  available 25,224  74 

Amoant  (eetimated)  required  for  completion  of  existing  project 15,  4H0  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      15, 000  00 

(See  Appendix  D  8.) 

9.  Improvement  of  Raritan  River ^  N'ew  Jersey. — ^The  appropriation  for 
this  work  having  been  made  so  near  the  close  of  the  fiscal  year,  there  is 
no  work  to  report. 

Amount  appropriated  by  act  approved  June  18, 1878 |200, 000  00 

1200,  000  00 

July  1,1878,  amoant  available 200,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 1,  893,  662  05 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

iseo 200,000  00 

(See  Apx>endix  D  9.) 

10.  Improvement  of  Echo  Harbor j  N'ew  Rochelley  N'ew  Toric, — ^The  ap- 
propriation for  this  work  having  been  made  so  near  the  close  of  the 
fiscal  year,  there  is  no  work  to  report. 

Amount  appropriated  by  act  approved  June  18,  1878 $10,  000  00 

Jnlyl,  1874  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 28, 955  38 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      10, 000  00 

(See  Appendix  D 10.) 

11.  Improvement  of  Plattsburg  Earhor^  N'ew  YorJc. — ^Eepairs  have  been 
made  to  the  breakwater  by  filling  empty  places  with  stone,  and  the  bar 
extending  easterly  from  the  face  of  the  south  wharf  has  been  removed, 
the  depth,  of  water  having  been  increased  to  8  feet ;  1,073  cubic  yards 
of  gilt,  sand,  clay,  and  stone  have  been  dredged,  and  525  cubic  yards  of 
rubble  stone  applied  to  the  repairs  of  ,the  breakwater. 

July  1, 1<:<77,  amount  available |4,  941  52 

July  1, 1878,  amount  expended  during  fiscal  year 3, 961  03 

July  1, 1878,  amount  available 980  49 

Amount  (estimated)  required  for  dredging 5,000  Od 

Amount  that  can  be  profit>ably  expended  in  fiscal  year  ending  June  30, 1880.     5,  000  00 

(See  Apx>endix  D 11.) 

12.  Improvement  of  harbor  ofBurlingtoUy  Vermont — ^The  repairs  to  the 
soathem  end  of  the  breakwater  have  been  completed. 

A  crib,  28  feet  long  and  of  the  required  height  for  filling  the  gap  near  the 
aonthem  end,  has  been  constructeKi  by  hired  labor  and  sunk  in  position. 

The  exterior  &ce  of  the  old  breakwater  for  about  1,100  feet  has  been 
repaired. 

The  portion  of  the  northern  breakwater  of  200  feet  has  been  repaired 
^  the  snperstracture  reconstructed. 

Jn]y  1, 1877,  amount  available $15,477  15 

Aiuoont  appropriated  by  act  approved  June  18,  1878 20,  000  00 

$35,  477  15 

^^l,1978f  amount  expended  during  fiscal  year 12,  717  50 

%i,  ISTB,  amount  available 22,  759  65 

hmnt  (estims^ted^  required  for  completion  of  existing  project 275,  (KK)  00 

iawiflf  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    50,  000  00 

(See  Appendix  I>  12.) 
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13.  Improvement  of  harbor  at  8want<yn^  Vermont. — Xo  work  has  been 
(lone  during  the  year.  The  breakwater  was  seriously  injured  by  ice 
floes  diu'ing  the  prevalence  of  a  heavy  northwesterly  storm  in  the  month 
of  March  last.  With  the  appropriation  of  June  18,  1878,  it  is  proposed 
to  repair  tliese  and  to  continue  the  extension  of  the  breakwater  in  a 
northwesterly  direction. 

July  1, 1877,  ainouut  available $2,  610  65 

Amount  appropriated  by  act  aiiproved  June  18, 1878 20,  000  00 

$22, 610  65 

July  1, 1878,  amount  expended  during  iiHcal  year 10  15 

July  1,  1878,  amount  available 22,600  50 

Amount  (estimated)  requirod  for  completion  of  existing  project 217, 160  00 

Amount  tliat  can  br  profitably  expended  in  fiscal  year  ending  June  30, 1880.     20,  Ol^O  00 

(See  Appendix  D 13.) 

14.  Improvement  of  Otter  Creelc^  Vermont — No  operations  were  con- 
ducted during  the  year  for  want  of  funds. 

With  the  appropriation  of  June  18,  1878,  it  is  proposed  to  resume 
work  on  the  improvement  of  the  channel  and  of  Vergeimes  Basin. 

July  1,  1877,  amount  available S55  84 

Amount  appropriated  by  act  approved  June  18,  1878 8, 000  00 

,18,  055  84 

July  1,  1878,  amount  expended  during  fiscal  year 5  00 

July  1,  1878,  amount  available 8,  050  84 

Amount  (cstimattMl)  re(iuired  for  completion  of  existing  project 35,  146  0() 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1830.  20,  000  00 

(See  Ai)pendix  D  14.) 

EXAMINATIONS  AND  SURVEYS  FOR  rMPROVE>rENT. 

In  answer  t-o  resolutions  of  House  of  Representatives,  Lieutenant- 
Colonel  Newton,  durin<i:  the  fiscal  year,  submitted  to  this  office  reports 
upon  examinations  made  at  the  followin*^  localities : 

1.  Count  of  Long  Island,  between  Rockaway  Inlet  and  Coney  Inland. 
(See  Ai)pendix  D  15.) 

2.  Junctum  of  Kewtoicn  Creek  and  East  Rirer^  I^ew  York.  (See  Appen- 
dix 1)  10.) 

II,  Flmhing  Bay,  Xeic  York.     (See  Appendix  I)  17.) 

As  no  funds  were  available  for  these  examinations,  the  reports  were 
necessarily  made  ft-om  the  best  sources  of  informaticm  attainable. 

To  comply  witii  the  provisicms  of  tlu^  river  and  harbor  act  of  June  18, 
187S,  LicMitenant-Colonel  Xewton  has  been  charjjred  with  and  is  now 
enga.i»ed  upon  examinations  and  surveys  at  the  followin<?  localities,  the 
results  of  which  \\ill  be  duly  submitted  wiien  received : 

1.  Flmhing  Bay,  Xew  York. 

2.  The  coast  of  Lon^f  Island,  yew  York,  between  Coney  Island  Point  and 
Roekawfuf  Inlet,,  in  Xew  York  Bay. 

3.  I^heepshead  Bay^  Xew  York. 

4.  Canarnie  Bay^  Xew  York. 

5.  East  Hirer,  Xew  York,  at  its  junction  with  Xewtown  Creek. 
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CONSTRUCTION  OF  PIER  AT  LEWES,  DELAWARE — ^HARBOR  IMPROVE- 
MENTS OX  DELAWARE  RIVER  AND  BAY — IMPROVEMENT  OP  THE 
NAVIGATION  OF  DELAWARE  AND  SCUIXTYLKILL  RIVERS;  OP  BROAD- 
KILN  RIVER,  DELAWARE;  AND  OF  SHREWSBITRY  RIVER  AND OOHANSEY 
CREEK,  NEW  JERSEY — DELAWARE  BREAKWATER  HARBOR. 

Offi(*ers  in  charge,  Lieut.  Col.  J.  D.  Kurtz,  Corps  of  Engineers,  until 
his  death,  October  10,  1877,  since  which  time  Col.  J.  N.  Macomb,  Corps 
of  Engineers.  ^ 

Capt.  William  Ludlow,  Coips  of  Plngineers,  has,  during  the  fiscal  year, 
l)een  under  the  immediate  orders  of  the  officers  in  charge  of  these  works. 

1.  ComtruHion  of  pier  near  LeircMy  Dehticare, — During  the  paM  sea^sou 
30  piles  and  their  attachments  have  been  placed  in  jmsition,  whidi  in- 
eludes  the  79tli  row,  and  extended  the  pier  12()  feet,  making  the  whole 
length  of  the  i)ier  1,650  feet. 

The  superstnicture  was  somewhat  delayed  in  its  construction,  owing 
to  proposed  nuMlifications  in  the  plan  of  (jonstructiou  for  tlie  pier-head, 
in  onU^r  to  adapt  it  fully  to  its  intended  use. 

Various  tests  have  iK^en  mad<»  of  the  sustaining  capacity  of  tlie  piles 
now  in  iM>«iti(m,  and  the  stability  of  the  gravel  stratum,  the  result  being 
tpiite  satisfactorA . 

In  Aiew  of  the  deterioration  of  imi)k»ments  and  machinery,  owing  to 
delay  in  the  work  for  want  of  sufficient  ai)i)ropriations,  it  is  estimated 
tbafthe  pier  cannot  be  comi)leted  for  less  than  $;r>,<M)0,  wliich  sum  can 
be  advantageously  expended  hi  the  fiscal  year  ending  3()th  June,  1880. 

July  1,1877,  amount  available $20,821  63 

Amount  ain>r«priat€(l  by  act  approved  June  18, 1878 20, 000  00 

$40,82163 

July  1,  1878,  amount  expended  during  iiHcal  year 20,  820  54 

July  1,  1878,  amount  available 20,  0(U  09 

Amount  (<»stimated)  recjuired  for  coni]>letion  of  existing  project 35,  000  00 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.     35,  000  00 

(See  Ai>pendix  E  1.) 

2.  Improving  ice-harbor  at  New  CaMle^  Delaware, — The  coal- wharf 
1h*1ow  the  harlx>r  has  been  removed  for  a  length  of  110  feet  in  addition 
to  that  previously  taken  away,  making  218  feet  in  all,  and  a  substantial 
hea4l  has  been  built  on  the  paii:  remaining.  It  is  thouglit  that  enough 
of  this  obstruction  has  now  been  removed  to  prevent  any  further  ill 
effects  from  it  on  the  harbor. 

The  crib-foundation  for  the  new  ice-pier,  th(»  last  eontcMnplated  by  the 
pr<\s<Mit  plan  of  improvement,  has  been  (completed  in  readiness  for  the 
stone  superstructure,  and  it  is  proi)osed  to  apply  tlie  amount  api)ropriated 
for  the  ensuing  year  in  building  up  the  stone  work  as  far  as  practicable. 

Next  year  it  is  proposed  to  complete  the  pier  and  dredge  out  the  ac- 
ciiuHilatiMl  sediment  in  the  lower  i)art  of  the  harbor,  for  which  i)iu*pose 
an  ajipropriation  of  $18,500  is  asked. 

July  I,  1877,  amount  avaibible §114,418  27 

Amount  appropriated  by  act  approved  June  IS,  1878 10,  000  00 

f;24,  41H  27 

July  1,  1878,  amount  expended  during  iiscal  year 14,418  27 

.July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  requir<Ml  for  completion  of  exiHting  project 18,  5(K)  00 

Amount  tbat  ean  be  profitably  exjiended  in  fiseal  year  ending  June  30, 1880      18,  500  00 

(See  Appendix  E  2.) 
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3.  Improving  harbor  cat  Wilmingtonj  Delaware. — ^During  the  past  year 
operations  have  been  directed  to  the  removal  of  fast-rock  from  the  chan- 
nel just  below  Third  street,  and  the  removal  of  mud  from  the  channel 
between  the  Christiana  Iron  Company's  wharf  and  Brandywine  Creek. 
The  width  of  the  channel  has  been  increased  in  each  case,  affording 
13  feet  depth  of  water  at  the  former  and  12  feet  at  the  latter  point  of 
low  tide. 

The  present  season  it  is  proposed  to  remove  24,000  cubic  yards  of  mud 
from  the  channel  between  the  light-house  buoy  depot  and  mouth  of 
Brandywine ;  about  68  cubic  yards  of  rock  from  the  channel  just  above 
and  below  Third  street 

Next  season  it  is  proposed  to  remove,  by  dredging  along  the  channel 
between  the  Christiana  Iron  Company's  wharf  and  mouth  of  Brandy- 
wine Creek,  at  a  point  on  the  south  side  of  the  channel  just  above  the 
Brandywine  and  along  the  channel  from  opposite  the  Lobdell  Works 
to  near  Market  street,  about  56,000  cubic  yards  of  material. 

This  will  require  an  appropriation  of  $13,000. 

July  1,  1877,  amount  available |12,  513  81 

Amount  appropriated  by  act  approved  June  18,  1878 7,  000  00 

tl9,  513  81 

July  1, 1878,  amount  expended  during  fiscal  year 12,  512  66 

July  1,  1878,  amount  available 7,  001  15 

Amount  (estimated)  required  for  completion  of  existing  project 13,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  en<iing  June  30, 1880 .       13,  000  00 

(See  Appendix  E  3.) 

4.  Improving  harbor  at  Marcus  SooJc^  Pennsylvania. — ^No  material 
change  in  the  condition  of  this  harbor  has  taken  place  during  the  past 
year. 

Slight  repairs  are  required  to  the  top  portion  to  the  outer  ice-pier  on 
the  upper  line.  The  top  portion  of  the  two  landing-piers  and  the  connect- 
ing bridges  are  much  in  need  of  repairs,  the  timber  being  considerably 
decayed.    A  small  quantity  of  earth  filling  is  also  washed  off. 

During  tlie  present  season  it  will  be  advisable  to  make  all  necessary 
repairs  at  this  work,  which  can  be  done  from  the  existing  appropriation. 

July  1,  1877,  amount  available $6,342  91 

July  1,  1878,  amount  expended  during  fiscal  year 1,  321  15 

July  1,  1878,  amount  available   5,021  76 

(See  Appendix  E  4.) 

5.  Improving  ice-harbor  at  Cheater^  Pennsylvania. — ^There  has  been  no 
material  change  in  the  condition  of  this  harbor  during  the  past  year.  No 
work  has  been  done  here  during  the  fiscal  year  for  want  of  fiinds. 

The  ice-piers  and  connecting  bridges  on  the  upper  line  of  the  harbor 
are  in  good  condition.  The  piers  and  causeway  on  the  lower  line  of  the 
harbor  need  repairs,  and  a  bridge  to  connect  with  the  outer  pier  will  have 
to  be  rebuilt. 

By  act  of  Congress,  approved  June  18, 1878,  $3,400  were  appropriated 
for  improving  this  harbor. 

During  the  present  season  it  is  proposed  to  make  necessary  repairs  to 
the  i)iers  and  causeway  on  the  lower  line,  and  rebuild  the  bridge  to  con- 
nect with  the  outer  pier. 

Amount  appropriated  by  act  approved  June  18, 1878 |3, 400  00 

July  1,  1878,  amount  available 3,400  00 

(See  Appendix  E  5.) 
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6.  Improving  SchuyJcill  River j  Pennsylvania. — ^During  the  past  year  oper- 
ations for  improving  this  river  have  been  confined  along  the  channel  from 
the  mouth  up  stream  to  opposite  the  outlet  of  Back  Channel,  and  along 
the  channel  in  the  vicinity  of  Gibson's  Point,  the  improvement  at  the 
former  locality  being  with  a  view  of  deepening  the  channel  to  24  feet  at 
low  tide.  About  50,000  cubic  yards  have  been  removed.  At  the  latter 
X)oint  about  17,000  cubic  yards  have  been  removed,  obtaining  20  feet 
depth  of  water  at  low  tide. 

The  present  season  it  is  proposed  to  continue  the  dredging  in  the  vi- 
cinity of  the  mouth,  advancing  up  stream  to  near  the  Giranl  Point  grain- 
elevator,  just  above  Penrose  Ferrybridge;  along  the  channel  between 
Point  Breeze  and  Gibson's  Point;  and  removal  of  rock  obstructions  off 
"Gibson's."  This  will  require  the  removal  of  about  135,100  cubic  yards 
of  material. 

JSext  year  it  is  proposed  to  complete  the  deep-water  channel  from  the 
mouth  up  stream  toward  Girard  Point ;  continue  the  improvement  along 
the  channel  between  Point  Breeze  and  Gibson's  Pointy  ^ong  the  channel 
off  "  Gibson's,"  and  above  toward  Gray's  Ferry  bridge.  This  will  re- 
quire the  removal  of  100,000  cubic  yards  of  mud  between  the  month  and 
Girard  Point;  20,000  cubic  yards  coarse  material  between  Point  Breeze 
and  "Gibson's;"  300  cubic  yards  of  rock  off  "Gibson's"  and  about 
50,000  cubic  yards  of  sand  and  gravel  between  "Gibson's"  and  Gray's 
Ferry  bridge;  the  latter  work  to  be  executed  with  a  view  of  affording 
18  feet  depth  of  water  at  low  tide. 

Jnly  1,  1877,  amount  available 114,003  79 

Amoimt  appropriated  bv  act  approved  June  18,  1878 30, 000  00 

$44, 003  79 

July  1,  1878,  amount  expended  during  fiscal  year 13, 680  01 

July  1,  1878,  amount  available 30,323  78 

Amoimt  (efltimated)  required  for  completion  of  existing  project 179, 700  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    .'VO,  000  00 

(See  Apx)endix  E  6.) 

7.  Improving  Delaware  River  ieUnc  Petty^s  Island. — ^During  the  past  year 
the  work  of  improving  this  river  was  continued  at  Fort  Mifflin  Bar,  in- 
creasing the  width  of  channel,  and  the  depth  to  22  feet  at  low  water ; 
about  62,000  cubic  yards  of  material  were  removed. 

The  wreck  of  sloop  Spray  was  removed  from  the  channel  just  above 
Pea  Patch  Island,  Fort  Delaware. 

Examinations  and  surveys  are  now  in  progress  to  ascertain  the  char- 
acter and  extent  of  work  to  be  done  before  submitting  a  project  for  the 
application  of  the  amount,  appropriated  June  18, 1878,  for  this  river. 

July  1,  1877,  amount  available (25,836  05 

Amount  appropriated  by  act  approved  June  18,  1878,  for  im- 
pTuving  Delaware  River  below  Bridesbnrg,  Pennsylvania..  100, 000  00 

1125, 836  05 

July  1,  1878,  amount  expended  during  fiscal  year 19, 695  20 

July  1,  1878,  amount  available 106,140  85 

(See  Appendix  E  7.) 

8.  Improving  Delaware  River  between  Trenton  and  White  Hill^  New 
Jersey. — ^No  work  has  been  done  at  this  locality  since  oi)erations  ceased  in 
the  fall  of  1875  for  want  of  funds.  A  channel  had  then  been  made  along 
the  north  and  east  side  of  Periwig  Island,  125  feet  in  width  and  6  feet 
depth  of  water  at  low  tide. 

Congress,  at  its  last  se«sion^  appropriated  $10,000  for  continuing  the 
improvement  of  the  river  at  this  locality. 
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It  is  proposed  to  make  examinations  along  the  channel  of  the  river,  to 
ascertain  the  character  and  extent  of  the  obstructions,  previous  to  sub- 
mitting a  project  for  executing  the  work. 

AmoiiTit  appropriated  by  act  approved  Juue  18,  1878 JlO.  000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  rt^inired  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     20, 00*)  00 

(See  Appendix  E  8.) 

9.  Improtmig  Broadh'ln  River^  Delaware. — ^Operations  for  the  improve- 
ment of  this  river  ceased  in  the  spring  of  1874. 

Should  an  appropriation  be  made,  it  is  pro])osed  next  year  to  continne 
the  work  by  dredging  the  river  at  the  shoal  places  and  excavating  an 
inlet  into  the  bay  at  the  junction  of  the  Broadkiln  and  Lewes  Creeks. 

Amount  (estimated)  required  for  completion  of  existing  in-oject $70, 447  00 

(See  Appendix  E  9.) 

10.  Improving  the  north  and  south  branches  of  Shrewsbury  fiiver^  Kew 
Jersey, — Xo  work  has  been  done  for  the  improvement  of  this  river  since 
1873. 

During  the  present  season  it  is  proposed  to  make  a  thorough  survey 
of  the  river,  in  order  to  prepare  a  project  for  the  application  of  the  sum 
appropriated  June  18,  1878. 

Amount  appropriated  by  act  approved  June  18,  1878 |18, 000  00 

July  1,  1878,  amount  available 18,000  00 

(See  Appendix  E 10.) 

11.  Improving  Gohansey  Greeks  New  Jersey, — No  appropriation  has  been 
macU^,  for  this  work  for  the  last  four  years. 

It  is  proposed  to  expend  the  amount  appropriated  June  18,  1878,  in 
deepening  and  widening  the  channel  according  to  the  (U'iginal  project. 

Foi"  continuing  this  improvement  an  ai)propriation  of  $15,000  is  asked 
for  tlie  next  fiscal  year. 

Amount  appropriated  bv  act  approved  June  18,  1878. $5,000  00 

July  1,  1H78,  amount  available 5,000  00 

Amount  (estimated)  required  tor  completion  of  existing  project 15,  OOO  00 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .  15,  000  (X) 

(See  Appendix  E  11.) 

12.  Improving  channel  of  Salem  River,  2i^ew  Jersey, — No  work  has  been 
done  for  the  improvement  of  this  river  since  1871. 

Previous  to  making  a  i)roject  for  the  a))i)licati(m  of  the  sum  api)ropri- 
ated  .June  18,  1878,  it  is  proposed  to  make  an  exanunation  at  the  mouth 
of  thi^i  river  to  determine  the  extent  and  character  of  the  obstructions 
and  the  best  method  of  tlieir  removal. 

Amount  appropriated  bv  act  approved  June  18,  1878. $3,  000  00 

July  1,  1H78,  amount  available a,  0(M>  (H) 

(See  Appendix  E  12.) 

l.'J.  Delaware  Breakwater. — There  has  been  no  material  change  in  the 
condition  of  this  work  since  the  last  annual  report. 

The  use  of  the  harbor  as  a  poit  of  call  for  transatlantic  ship])ing  is 
largely  increasing,  a^s  will  be  seen  by  the  tabular  statement  in  the  ap- 
pen<lix. 

(S(»e  Appendix  E  i;i.) 

14.  Port  Wardens^  fAne^  Philadelphia^  Pennsylvania. — This  question  re- 
mains as  last  re])orted. 
(S(»e  Appendix  E  14.) 
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EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  liarbor  act  of  June  18, 
1878,  Colonel  Macomb  has  been  charged  with  and  is  now  enfjaged  upon 
siu-veys  and  examinations  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  received : 

1.  The  MmpiUwn  Creek^  Delaware. 

2.  The  Salem  RiveVj  Xeii?  Jersey^  beticeen  Sharpstoicn  and  Delaware 
CannL 

3.  Woodbridge  CreeJc^  Middlesex  County^  New  Jersey, 
't.  Elizabeth  River^  New  Jersey. 

5.  Rah  way  River ^  Neic  Jersey. 

6.  Majmsqudn  River,  New  Jersey. 

7.  Duck  Creek,  Delaware. 

8.  The  Delaware  River  beloic  League  Island. 

IMPROVEMENT  OF  HARBORS  AND  RIVERS  OF  CHESAPEAKE  BAY,  MARY- 
LAND; OF  J^AMES  AND  APPOMATTOX  RIVERS,  VIRCflNIA;  OF  GREAT 
KANAWHA  RIVER,  WEST  VIRGINIA;  OF  NEW  RIVER,  VIRGINIA  AND 
WEST   VIRGINIA,   AND  OF   CAPE  FEAR  RIVER,   NORTH  CAROLINA. 

Officer  in  charge,  Maj.  William  P.  Craighill,  Cori)s  of  Engineers,  hav- 
mg  under  his  immediate  orders  Capts.  J.  W.  Cuyler  and  C.  B.  Phillips, 
and  Lieut-  Thomas  Turtle,  Corps  of  Engineers. 

I)iu"ing  the  absence  of  Major  Craighill  on  duty  in  Europe,  from  Feb- 
niary  27  to  the  end  of  the  fiscal  year,  he  was  temporarily  relieved  by 
Taptain  Cuyler  of  the  improvement  of  New  liiver,  and  of  the  remaining 
improvements  in  his  charge  by  Captain  Phillips. 

1.  Improvement  of  Chester  River  at  Kent  Island  Narrows,  Maryland. — 
At  the  date  of  the  last  annual  report,  the  original  project  for  this  im- 
l>puveraent,  which  was  to  dredge  a  channel  100  feet  in  width  and  7  feet 
in  depth  at  ordinary  low  water  from  Easton  Bay  to  ( -hester  Kiver,  luwl 
lH»en  carried  out,  except  that  the  channel  on  the  Easton  Bay  sicle,  as 
well  a.s  about  two-fifths  of  the  length  of  the  channel  on  the  C'hester  Biver 
side  of  the  Kent  Island  Causeway,  had  been  completed  to  only  80  feet  in 
widtli.  The  passage  through  the  causeway  had  also  been  cut  to  tlie  full 
width  ((K)  feet)  allowed  by  the  draw ;  and  additi(mal  vent  hml  been  pro- 
\ided  for  the  current  by  cutting  away  the  cjuiseway  luider  tlie  counter- 
I)oise  of  the  draw,  and  the  introduction  by  the  county  authorities  of  one 
span  of  pile  bridge  next  to  the  draw  abutment. 

Fi*oMi  an  examination  of  the  channel  made  shortly  before  the  date  of 
the  last  annual  report,  it  was  ascert^iined  that  while  the  chann(4  gener- 
ally was  standing  well,  a  shoaUng  was  taking  })lace  immediately  below 
the  causeway,  on  the  Eii^stou  Bay  side,  due  to  the  change  of  the  current 
eaus4Hl  by  cutting  a  passage  thnmgh  the  (jauseway.  As  this  current 
was  fouuil  to  be  setting  directly  across  a  point  of  shoals  below  the  draw, 
it  was  determined  to  abandon  tlie  old  cliannel  around  the  point  and 
make  a  new  and  <lirect  one  tuToss  the  shoal,  the  distance  across  this 
point  lietween  the  7-f(iM>t  contours  being  about  GOO  feet. 

I)re<lging  at  the  point  below  the  draw  was  commenced  and  continued 
until  a  channel  000  feet  in  length,  75  feet  in  width,  and  7  feet  in  depth 
at  ordinary' low- water  had  been  completed  across  the  point.  The  dredge 
vras  then  removed  to  the  Cluvster  River  side  of  the  causeway  for  the  i)ur- 
lM>se  of  widening  portions  of  the  channel,  particularly  at  the  abrupt  turn 
liDni  the  narrows  into  Chester  River.  On  the  20th  of  September  opera- 
tions were  susixiuded,  the  appropriation  having  become  exhausted. 


Digitized  by  VjOOQIC 


64  BEPOBT   OF   THE   CHIEF   OF  ENGINEERS. 

At  a  late  examination  of  the  new  cut  across  the  point  below  the  cause- 
way, it  was  found  that  some  shoaling  had  taken  place,  and  that  not  over 
6  feet  could  be  carried  across  at  low-water.  TMs  shoaling  appears  to 
be  due  to  the  large  amount  of  scour  at  the  draw.  When  this  scouring 
ceases,  it  is  probable  that  the  cut  below  will  remain  permanently  open. 

The  passage  through  the  narrows  is  now  used  by  sailing-vessels,  but 
rarely  by  steamers.  It  is  believed  that  when  the  route  is  better  known 
its  use  by  steamers  will  be  adopted. 

The  original  estimate  for  this  work  was  $23,000.  Twenty-eight  thou- 
sand dollars  was  appropriated  in  all  up  to  June  30,  1878,  of  which 
amount  $3,000  remains  unexpended.  This  balance  will  be  sufficient  to 
nearly  carry  out  the  original  project,  which  will  have  cost  more  than  the 
original  estimate  by  reason  of  long  and  unavoidable  delays. 

July  1,  1877,  amount  avanable $4,033  23 

Amount  appropriated  by  act  approved  June  18,  1878 3, 000  00 

p,  033  23 

July  1,  1878,  amount  expended  during  fiscal  year 4,028  40 

July  1,  1878,  amount  available 3,004  83 

(See  Appendix  F  1.) 

2.  Improvement  of  the  harbor  at  Baltimore,  Maryland. — The  object  of 
this  work  has  been  to  secure,  by  dredging, -a  channel  sufficient  to  accom- 
modate vessels  drawing  22j  or  23  feet.  The  requisite  depth  for  this 
purpose  was  secured  in  1874,  but  the  desired  width  has  not  yet  been  ob- 
tained. The  appropriations  since  that  time  have  been  only  slightly  in 
excess  of  the  amount  required  for  annual  reparations,  but  the  excess  has 
been  constantly  applied  to  securing  additional  width. 

During  the  past  fiscal  year,  dredging  has  been  carried  on  at  the  lower 
end  of  the  Brewerton  Channel  to  restore  the  depth  of  channel  as  far  up 
as  opiK)site  North  Point,  and  at  the  angle  formed  by  the  intersection  of 
the  Brewerton  and  Craighill  Channels  to  facilitate  the  passage  of  vessels 
from  one  channel  to  the  other. 

This  dredging  was  done  by  contract,  and  although  much  delayed,  owing 
to  the  insufficiency  of  the  contractors'  machinery^  was  carried  through 
to  completion  in  June,  thus  restoring  a  depth  in  the  Brewerton  Channel 
of  25  feet  at  mean  low- water  over  the  entire  width  of  channel,  from  ite 
lower  end  to  a  point  opposite  IN'orth  Point,  and  taking  off  a  large  trian- 
gular piece  at  the  angle  formed  by  the  intersection  of  the  Brewerton  and 
Craighill  Channels,  which  area  was  also  dredged  to  a  dei)th  of  25  feet  at 
mean  low-water. 

On  the  completion  of  this  work  an  entirely  new  cut  was  commenced 
on  the  west  side  of  the  Brewerton  Channel,  and  carried  as  far  as  availa- 
ble funds  would  permit. 

The  total  amount  of  material  removed  during  the  year  under  the  con- 
tract was  300,145  cubic  yards. 

A  careful  examination  of  the  dredged  area  wa«  made  in  June  after  the 
close  of  the  dredging. 

Extensive  repairs  to  the  tug  Leslie  were  made  during  the  winter 
months.  A  new  boiler  was  put  in,  the  machinery  thoroughly  overhauled, 
a  new  i>ilot-]iouse  built,  and  a  new  propeller  put  on. 

An  appropriation  of  $75,000  has  been  made  for  the  fiscal  year  ending 
June  30, 1879,  leaving  $110,000  yet  needed  to  complete  the  existing  pro- 
ject. To  this  sum  add  $50,000  for  estimated  amount  required  for  repara- 
tions, and  there  remains  as  the  amount  that  can  be  profitably  expended 
in  the  fiscal  year  ending  June  30,  1880,  $160,000. 
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July  1,1877,  amount  available |55,528  96 

Amoant  appropriated  by  act  approved  June  16,  1878 75, 000  00 

ei30,528  96 

July  1, 1878,  amount  expended  during  fiscal  year 54, 118  46 

July  1, 1878,  amount  available 76,410  50 

Amoant  (estimated)  required  for  completion  of  existing  project 160, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     160, 000  00 

(See  Appendix  F  2.) 

3.  Improvementof  Wicomico Eiver^near Salisbury^  Maryland. — ^Tlie  orig- 
inal project  for  this  work  was,  as  stated  in  the  last  annual  report,  so 
modihed  on  account  of  limited  means  as  to  contemplate  the  dredging 
of  a  channel  only  50  feet  in  width  and  5  feet  in  depth  at  ordinary  low- 
water.  This  was  completed  in  January,  1876,  except  that  the  channel 
for  a  distance  of  300  feet  was  left  but  28  feet  wide. 

With  the  appropriation  of  $5,000  made  for  this  work  by  act  of  Au- 
gust 14, 1876,  tiie  channel  throughout  its  entire  length,  a  distance  of 
7,000  feet,  has  been  widened  to  70  feet,  with  a  depth  of  5  feet  at  ordinary 
low- water,  and  the  turning-basin  near  the  town  excavated  to  the  same 
depth,  with  as  large  an  area  as  the  safety  of  the  wharves  on  either  side 
would  x>ermit. 

At  the  close  of  operations  a  careful  examination  of  the  entire  channel 
and  toming-basin  was  made;  the  examination  showed  that  the  dredg- 
ing had  been  well  executed. 

The  longitudinal  dikes  below  the  town  became  somewhat  damaged 
daring  the  past  year.  These  dikes  have  been  repaired  as  thoroughly 
38  the  limited  state  of  available  funds  would  permit. 

The  deposition  of  sawdust  from  the  mills  above  has  now  been  alto- 
gether abandoned,  thus  removing  the  principal  cause  of  the  rapid  tilling 
of  the  turning-basin. 

The  appropriations  for  this  work  have  been  June  10,  1872;  March  3, 
1873;  June  23,  1874;  March  3,  1875;  August  14,  1876;  and  June  18, 
1878.    Total,  $30,000. 

Should  the  original  plan  be  carried  out,  an  appropriation  of  $10,000 
will  still  l)e  required. 

Inly  1,  1977,  amonnt  available t4,700  70 

Amount  appropriated  by  act  approved  June  18,  1878 5,  000  00 

$9,700  70 

Julj  1, 1878,  amoant  expended  daring  fiscal  year 4, 665  70 

July  1, 1878,  amonnt  available 5, 035  00 

Amoant  (estimated)  reqaired  for  completion  of  existing  project 10, 000  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  enaing  June  30, 1880. .     10, 000  00 

(See  Appendix  P  3.) 

4.  Improvement  of  James  River ^  Virginia. — ^The  operations  of  the  year 
luive  been  conducted  in  furtherance  of  the  existing  project  for  the  im- 
provemeDt  of  this  river,  and  have  consisted  principally  in  the  removal 
of  fhe  rock  by  blasting,  dredging,  and  the  construction  of  wing-dams. 

Od  the  1st  of  JnLjy  1^77,  the  amoimt  available  for  this  work  being 
to  $17jOOO  (the  balance  of  the  appropriation  of  August  14. 1876),  the 
period  of  active  operations  extended  only  from  July  1  to  October  31. 
Since  the  latter  date  no  work  (exclusive  of  surveys)  has  been  done  by 

the  United  States* 

Ihirine  the  above-mentioned  x)eriod  166  cubic  yards  of  rock  were  re- 
ffloredfrom  Bockett's  Reef;  10,920  cubic  yards  of  material  were  dredged 

OS 
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from  Richmond  Bar  and  Randolph's  Flats,  and  3,350  linear  feet  of  wing- 
dams  were  constructed  between  Richmond  Bar  and  Warwick  Bar. 

The  city  of  Richmond  has  continued  to  co-operate  with  the  United 
States  in  improving  the  channel.  The  operations  of  the  city  have  been 
mostly  confined  to  dredging  at  Drury's  Island  Cut,  Richmond  Bar,  Ran- 
dolph's Flats,  and  Warwick  Bar. 

That  portion  of  the  machinery  used  for  blasting  and  remo\ing  rock 
belongs  to  the  United  St>ates.  The  remaining  portion  of  the  machinery, 
used  for  dredging,  pile-dri\ing,  &c.,  belongs  to  the  city  of  Richmond, 
and  was  hired  by  the  United  States^  the  latter  paying  as  rental  the 
actual  cost  of  repairs  while  in  it«  service. 

While  the  operations  of  the  year  have  been  but  limited,  the  results 
have,  on  the  whole,  been  satisfactory.  With  the  exception  of  two  short 
distaiices.  16  feet  can  now  be  found,"  at  ordinary  high-water,  from  Rock- 
ett's  Reel  to  the  sea.  At  the  excepted  points  but  15  feet  are  to  be 
found;  but  it  is  believed  that  by  a  judicious  contraction  of  the  river  at 
these  i)oints  the  desired  16  feet  may  be  obtained  and  maintained  without 
further  dredging. 

The  number  and  size  of  vessels  trading  to  this  port  are  constantly  in- 
creasing, and  a  greater  width  and  depth  of  channel  is  requisite  for  the 
wants  or  commerce. 

The  aim  of  this  improvement  is  to  secure  a  channel  180  feet  in  width 
and  18  feet  in  depth. 

There  was  left  of  estimate  to  be  provided  for  at  date  of  last  annual  report. .  $258, 024  i  O 
Appropriated  by  act  approved  Jnne  18, 1878 70, 00 ;  CO 

Leaving  yet  to  be  provided  for 188,024  00. 

July  1,  1877,  amount  available $16,902  92 

Amount  ax)propriated  by  act  approved  June  18, 1878 70, 000  00 

86, 902  92 

July  1,  1878,  amount  expended  during  fiscal  year 16, 890  98 

July,  1,  1878,  amount  available 70,011  94 

Amount  (estimated)  reqiiired  for  completion  of  existing  project 188, 024  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     150, 000  00 

(See  Appendix  F4.) 

5.  Improving  Appoina  ttox  River ^  below  Petersburg^  Virginia. — ^The  balance 
($16,000)  of  the  appropriation  of  August  14,  1876,  has  been  expended 
during  the  past  year  between  the  city  of  Petersburg  and  the  upper  end 
of  Puddledock  Cut. 

This  x)ortion  of  the  river  has  necessarily  been  somewhat  neglected  of 
late  years,  the  greater  portions  of  the  appropriations  having  been  abso- 
lutely required  for  dredging  Puddledock  Cut,  and  the  construction  of 
deflectors  and  embankments  in  connection  with  it. 

The  work  of  the  yeai*  has  consisted  principally  of  the  removal  by 
blasting  of  421  cubic  yards  of  rock  from  the  channel,  at  the  bend  oppo- 
site Stein's  upper  cut  5  the  construction  of  812  linear  feet  of  longitudinal 
dikes,  extending  down  stream  on  the  south  shore  from  Lieutenant's  Run ; 
and  the  construction  of  thirteen  wing-dams,  composed  partly  of  sheet- 
piling  and  partly  of  stakes  and  brush  wattling,  located  for  the  most 
part  at  the  long  straight  reach  occupied  by  Page's  Bar. 

These  jetties  contract  the  river  to  a  general  width  of  140  feet,  but  more 
contraction  will  be  needed  probably  when  the  remaining  jetties  come  to 
be  extended. 

An  appropriation  of  $30,000  was  made  by  the  act  of  June  18, 1878^ 
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for  the  fiscal  year  ending  June  30^  1879  5  $83,000  were  required  to  com- 
plete the  project  which  was  in  existence  on  June  30,  1875  5  $53,000  yet 
remain  to  be  provided  for. 

Jalyl,  1877,  amount  available 115^571  09 

Amoant  appropriated  by  act  approved  Jnne  18, 1878 30,  000  00 

f45, 571  09 

July  1, 1878,  amoant  expended  during  fiscal  year 15,  565  90 

July  1, 1878,  amount  available 30,005  19 

Amount  (estimated)  required  for  completion  of  existinii^  project 53,  000  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  endi  ug  J  une  30, 1880 .       30,  000  00 

(See  Appendix  F  5.) 

6.  Improvement  of  Qreat  Kanawha  River j  West  Virginia, — ^The  sites  for 
a  new  lock  and  dam,  to  be  designated  as  No.  3  of  the  Kanawha  series, 
were  acquired  during  the  autumn  of  1877.  The  lock  is  to  be  located  on 
the  right  bank,  at  the  foot  of  Paint  Creek  Shoal.  Work  at  Lock  No.  3 
was  commenced  in  February  last,  and  is  being  carried  on  by  hired  labor 
and  the  purchase  of  material  in  open  market. 

Work  at  Lock  No.  4,  near  Cabin  Creek  Shoal,  has  been  carried  on 
nnder  contract.  Progress  has  been  slower  than  was  anticipated,  owing 
to  the  financial  difficiUties  of  the  contractor. 

The  contractors  at  Dam  No.  4  have  failed  to  carry  out  their  contract 
for  the  construction  of  a  dam.  abutment,  pier,  and  floor  of  a  navigation 
pass  adjoining  Lock  No.  4.  They  abandoned  their  work  in  December, 
1877,  and  the  contract  was  annulled  on  the  31st  of  January,  1878.  The 
work  at  this  locality  has  since  been  carried  on  by  hired  labor  and  pur- 
chase of  material  in  open  market.  A  contract  has  been  made  for  the 
iron-work  of  the  pass  and  wier  of  Dam  No.  4. 

Work  at  Lock  No.  5,  near  Brownstown,  has  been  carried  on  under  con- 
tract. The  work  has  been  delayed  somewhat  by  occasional  strikes  of 
the  laborers.  A  contract  has  been  made  for  the  construction  of  iron 
gates  for  Lock  No.  5. 

Work  at  Dam  No.  5  has  been  carried  on  under  contract  for  the  oon- 
Ktraction  of  dam,  abutment,  pier,  and  floor  of  a  navigation  pass  adjoin- 
ing Lock  No.  5.  The  masonry  of  the  abutment  and  pier  has  all  been 
laid,  and  the  placing  and  embanking  of  coffer-dam  for  pass  is  in 
progress. 

The  iron- work  of  the  pass  and  weir  has  all  been  delivered  at  the  site. 

In  continuation  of  the  plan  of  temporarily  improving  x)ortion8  of  the 
river  not  affected  by  the  permanent  works,  a  small  sum  has  been  ex- 
pended in  removing  bowlders  from  that  portion  of  the  river  between 
Knob  Shoal  and  Emory's  Dam,  a  distance  of  about  6  miles,  and  in 
repairing  a  break  in  "Two-mile  Dam,''  caused  by  a  fireshet  in  November, 
1877. 

Surveys  have  been  made  below  Charleston,  with  a  view  to  estabUsh- 
ing  the  proper  locations  of  locks  at  the  lower  portion  of  the  river. 

The  state  of  the  river  has  been  much  more  favorable  for  suceessftd 
operations  during  the  fiscal  year  just  ended  than  during  the  year  pre- 
^'oas.    The  working  season  of  1877  was,  until  October,  unusually  favor- 

Ihaing  the  montli  of  June  last  labor  troubles  seriously  interfered  with 
opemtions  at  all  tlie  works  upon  the  river.    These  troubles  were  caused 
hvfftrikes  among  the  contractors'  laborers. 
The  approprisitioJiB  have  been:  March  3, 1873,  $25,000 ;  June  23, 1874, 
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$25,000  (expended  in  temporary  improvement) ;  March  3, 1875,  $300,000; 
August  14, 1876,  $270,000;  June  18, 1878,  $222,000. 

July  1,  1877,  amonnt  available $447, 584  64 

Amount  appropriated  by  act  approved  June  18,  1878 222, 000  00 

1669,584  64 

July  1,  1878,  amount  expended  during  fiscal  year 189, 700  77 

Julyl,  1878,  outstanding  liabilities 19,803  43 

209, 504  20 

Jidy  1,  1878,  amount  available 460,080  44 

Amount  (estimated)  required  for  completion  of  existing  project 3, 600, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    500, 000  00 

(See  Appendix  F  6.) 

•  7.  Improvement  of  the  Cape  Fear  RiveTy  North  Carolina. — ^The  work  of 
the  year  has  consisted  principally  in  the  continued  dei)08it  of  stone  upon 
the  closing  work  at  the  Kew  Inlet. 

The  contract  for  the  delivery  of  45,000  cubic  yards  of  stone,  which 
was  being  executed  at  the  date  of  the  last  annual  report,  was  completed 
on  the  5th  of  January,  1878.  Forty-nine  thousand  one  hundred  and 
twenty-nine  cubic  yards  were  delivered  under  this  contract,  28,725  yards 
of  which  since  July  1, 1877. 

Another  contract  was  entered  into  November  24, 1877,  for  the  deliv- 
ery of  about  12,000  cubic  yards  of  stone,  the  delivery  to  be  completed 
by  April  30,  1878.  On  the  6th  of  April  11,715  cubic  yards  had  been 
delivered,  when  the  contract  was  closed  and  work  susx>ended  on  ac- 
count of  the  near  exhaustion  of  available  fluids. 

Total  amount  of  stone  dei)Osited  upon  the  dike  during  the  past  fiscal 
year,  40,440  cubic  yards. 

The  stone  was  distributed  quite  uniformly  over  the  entire  length  of 
the  work  until  it  was  all  brought  up  gradually  to  low- water  mark. 

After  this  the  work  was  filled  to  high-water  in  the  shape  of  a  ridge, 
to  distances  of  850  and  650  feet  firom  Federal  and  Zeke's  Points  respect- 
ively.   The  full  required  width  has  not  yet  been  given  to  the  structure. 

Extensive  hydrographic  surveys  have  been  made  during  the  year,  in- 
cluding New  Inlet  outside  the  closing  work,  Snow's  Marsh  Channel,  and 
both  the  eastern  and  western  channels  at  the  old  entnince  to  the  river. 
Simultaneous  tidal  observations  have  also  been  made  fix)m  time  to  time 
at  various  points  on  the  river. 

The  only  remarkable  change  which  has  taken  place  in  the  shore-lines 
near  New  Inlet  has  been  at  Zeke's  Point,  where  the  low-water  line  has 
advanced  fully  300  feet  on  the  inlet  side. 

The  Snow's  Marsh  Channel  and  the  channel  at  the  "Logs"  have  re- 
mained in  about  the  same  condition  as  at  last  report. 

The  latter  channel  should  be  increased  to  250  feet  in  width ;  it  is  now 
but  130  feet  wide. 

The  "  rip  "  at  the  western  channel  at  old  entrance  to  river  has  improved 
in  depth  during  the  year.  The  Bald  Head  Channel  has  shoaled  some- 
what, though  the  distance  across  the  bar  has  been  steadily  diminishing. 
The  suction-dredge,  formerly  in  use  at  this  bar,  has  remained  laid  up  for 
want  of  l^nds.  It  is  in  need  of  extensive  repairs.  This  or  some  suitable 
dredge  should  be  put  at  work  upon  this  bar  at  as  early  a  day  as  x)ossible. 

An  appropriation  of  $160,000  for  this  work  was  made  by  act  approved 
June  18, 1878,  which  fills  the  estimate  of  June  30, 1876,  for  the  com- 
pletion of  existing  project.  The  unexpect^  settling  of  the  closing  work 
at  the  inlet  will  require  the  deposition  of  nearly  50,000  cubic  yards  of 
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stone  more  than  was  at  first  anticipated,  which  will  increase  the  esti- 
mate of  1876  by  about  $100,000. 

Jaly  1,  1877,  amount  available $91,788  60 

Amount  appropriated  by  act  approved  June  18,  1878 160.  000  00 

1251,78^^60 

July  1,  1878,  amount  expended  during  fiscal  year 91,230  36 

July  1,  1878,  amount  available 160,558  24 

Amount  (estimated)  ret^uiied  for  completion  of  existing  project 100, 000  00 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1880 .      50, 000  00 

(See  Appendix  F  7.) 

8.  Improvement  of  New  River,  fronx  Lead  Mines  in  Wythe  County,  Vir- 
ginia^ to  mouth  of  Oreenbrier  River,  West  Virginia. — The  plan  adopted 
for  the  improvment  of  this  river  contemplates  a  channel-way  30  feet 
wide  and  2  feet  deep  below  the  lowest  water,  siuted  for  the  keel-boats 
now  in  use,  but  at  the  same  time  capable  of  utilization  and  adaptation,  at 
some  future  day,  in  a  further  improvement  of  the  navigation  for  light 
steamboats,  should  means  be  provided  therefor. 

The  season's  work  was  commenced  at  the  bridge  of  the  Atlantic,  Mis- 
sissippi, and  Ohio  Kailroad,  and  carried  continuously  upstream  tow^ard 
the  lead  mines,  9  miles,  as  far  as  Falls  Branch  Falls,  resulting  in  the 
removal  of  all  obstructions  in  that  portion  of  the  river  to  the  adoi)ted 
depth  and  width.  The  work  was  done  by  hired  labor,  and  the  purchase 
of  material  in  ojpen  market. 

The  ledges  and  detached  bowlders  were  blasted  out  under  water,  and 
the  debris  scoured  out  of  the  channel  and  built  into  the  facings  and  heads 
of  the  wing-dams  and  training- walls ;  the  gravel  shoals  were  excavated 
through,  and  materials  made  into  the  heartings  of  these  constructions. 
By  these  means  sluices  and  chutes,  affording  an  unobstructed  water-way, 
were  made,  without  increasing  insurmountably  the  velocity  and  volume 
of  the  water  in  them.  The  plan  adopted  has  proved  its  capability  to 
aceomplisli  its  design.  It  is,  therefore,  proposed,  during  the  ensuing 
year,  to  continue  it,  with  slight  modifications,  working  still  up  the  river, 
but  on  an  enlarged  scale,  so  as  to  open  up  fully  another  10  miles  of  river. 

July  1, 1877,  amount  available 114,921  75 

Amount  appropriated  by  act  approved  June  Id,  1878 15, 000  00 

$29,92175 

July  1, 1878,  amount  expended  during  fiscal  year 6,  492  26 

July  1,1878,  amount  available 23,429  49 

Amount  (estimated)  required  for  completion  of  existing  project 70, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endmg  J  uue  :)0, 1880 .      35, 000  00 

(See  Appendix  F  8.) 

EXAMINATIONS  AND  SUKVEYS  FOB  DdPBOVEMENT. 

To  comi>ly  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Major  Craighill  has  been  charged  with  and  is  now  engaged  ujion 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submittM  when  received  : 

1.  The  peninsula  of  Maryland  and  Delaware,  tcith  a  view  to  a  construc- 
tion of  a  ship-canal  to  connect  the  waters  of  the  Delatcare  and  Chesapeake 
Bays. 

2.  The  bars  at  the  entrance  of  Annapolis  Harbor,  Maryland,  with  a  view 
to  accommodation  of  deep-draught  vessels  at  low  tiae. 

3.  West  branch  of  Patapsco  River,  Maryland,  from  Li^ht-street  bridge 
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to  head  of  tide-water^  and  an  estimate  of  the  cost  of  maJcing  the  same  navi- 
gable for  canal-boats. 

4.  New  River^from  the  lead  mines  in  Wythe'County  to  the  mouth  of  Wil- 
son, in  Orayson  County y  Virginia, 

IMPROVEMENT  OF  THE  HARBORS  OF  WASHINGTON  AND  GEORGETOWN, 
DISTRICT  OF  COLUMBIA ;  OF  TRIBUTARIES  OF  THE  LOWER  POTOMAC  ; 
OF  RAPPAHANNOCK,  ELIZABETH,  AND  NANSEMOND  RIVERS,  VIRGINIA; 
AND  OF  RIVERS  IN  NORTH  CAROLINA— IMPROVEMENT  OF  NORFOLK 
HARBOR. 

Engineer  in  charge,  S.  T.  Abert,  United  States  Civil  Engineer. 

1.  Harbors  of  Washington  and  Georgetown,  District  of  Columbia. — 
Operations  remained  suspended  during  the  greater  part  of  the  fiscal 
year  for  want  of  funds.  Tlie  channel  excavated  in  1874-'75  through  the 
bsir  between  Easby's  Point  and  the  Long  Bridge  has,  as  has  been  antici- 
pated, gradually  tilled,  owing  to  the  deposit  of  sand  brought  down  by 
freshets.  In  November,  1877,  an  unusually  large  freshet  occurred,  which 
seriously  injured  the  navigation  by  large  deposits  of  sand  on  the  bar. 
A  temporary  channel  was  dredged  by  the  coal-shippers  and  merchants 
of  Greorgetown  in  the  spring  of  1878  for  the  immediate  relief  of  ship- 
piQg,  and  the  small  balance  remaining  from  the  last  appropriation  for 
this  work  was  applied  to  increasing  the  width  of  the  channel  so  exca- 
vated, it  being  insufficient  to  do  the  whole  work. 

An  appropriation  of  $50,000  was  made  by  the  act  approved  June  18, 
1878.  for  the  continuation  of  the  improvement,  $20,000  to  be  applied  to 
the  Washington  Harbor  and  Channel  and  $30,000  to  be  applied  to  the 
Georgetown  Channel.  A  channel  200  feet  wide  and  12  feet  deep  T^ill  be 
dredged  along  the  Washington  wharf-front,  and  one  16  feet  deep  and 
200  feet  wide  through  the  bar  in  Xhe^  Georgetown  Channel  above  the 
Long  Bridge. 

The  subject  of  a  permanent  improvement  was  referred  by  Congress  to 
a  board  of  survey  appointed  March  5,  1872,  and  whose  report  wa« 
printed  during  the  third  session  of  the  Forty-second  Congress  (Mis.  Doc 
No.  15).  The  plan  of  the  board  provided  for  a  wide  and  deep  channel 
along  the  Virginia  channel  of  the  river,  the  material  excavatM  there- 
from to  be  deposited  on  the  flats,  the  construction  of  bulkheads  along 
the  new  front,  and  the  correction  of  the  curvature  of  the  river.  The 
engineer  in  charge  now  submits  a  modified  plan  and  estimate  (see 
Appendix  G  1  of  this  report),  which  embraces  the  most  important  fea- 
tures of  the  original  design.  He  proposes  to  dredge  channels  15  and  20 
feet  deep  (as  shown  on  the  maps  accompanying  his  report)  on  lines  vary- 
ing but  shghtly  from  those  of  the  board,  and  to  place  the  dredged  mate- 
rial on  the  flats. 

The  estimated  cost  of  the  work  he  proposes  is  $2,592,000;  and  he  sug- 
gests that  $200,000  be  appropriated  each  year,  in  order  to  insure  a  low 
contract-price  and  substantial  progress  in  its  completion. 

An  examination  of  the  rocks  near  the  outlet-lock  of  the  Chesapeake 
and  Ohio  Canal,  above  Georgetown,  was  made  in  March,  1878,  in  com- 
pliance with  a  resolution  of  the  House  of  Kepresentatives.  They  are  in 
one  group,  a  part  of  which  stands  above  low- water.  The  cost  of 
removal  to  9  feet  depth  at  low-water  will  be  $44,000. 

July  1,1877,  amount  available |2,856  62 

Amount  appropriated  by  act  approved  Jane  18,  1878 50, 000  00 

$52, 856  62 

July  1,1878,  amount  expended  during  fiscal  year 2,778  40 

July  1,1878,  amount  available 50,078  22 
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Amoant  (etitimated)  reqaired  for  completion  of  the  project  submitted 

•boTe 12,592,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 
1880 244,000  00 

(See  Appendix  G  1.) 

2.  Improvement  of  Accotink  Creekj  Virginia, — ^This  work,  which  was 
commenced  in  1872,  has  since  remained  suspended,  no  appropriation  for 
its  completion  ha\ang  been  made.  The  amount  required  to  complete  the 
channel  between  the  town  of  Accotink  and  the  bay  is,  according  to  the 
original  estimate,  $14,000. 

(See  Appendix  G  2.) 

3.  Improvement  of  Oeeoqnan  River ^  Virginia. — ^The  appropriation  made 
by  the  act  approved  June  18,  1878,  for  the  completion  of  this  improve- 
ment, will  be  expended  in  dredging  a  channel  through  the  bar  at  the 
mouth  of  the  river  where  it  enters  Occoquan  Bay,  and  should  the  funds 
permit,  in  dredging  at  other  points  where  the  channel  has  deteriorated. 
The  depth  of  channel  propos^  is  5  feet,  which  is  the  ruling  depth  in  the 
bay.    No  work  was  done  during  the  last  fiscal  year  for  want  of  funds. 

July  1,  1877,  amount  available |202  01 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$10, 202  01 

July  1,  1878,  amount  expended  during  fiscal  year 202  01 

July  1,  1878,  amount  available 10,000  00 

(See  Appendix  G  3.) 

4.  Improvement  of  Aquia  CreeJcj  Virginia. — ^This  work  will  be  com- 
pleted with  the  appropriation  of  $5,000  made  June  18,  1878.  But  as 
this  is  only  one-thiM  of  the  estimate,  the  dimensions  of  the  channel  will 
be  correspondingly  reduced.  A  channel  5  feet  deep  at  low-water  will  be 
dredged  above  and  below  the  railroad  bridge,  where  the  depth  is  insuf- 
ficient, and  the  material  deposited  on  the  sides  of  the  cut. 

Amount  appropriated  by  act  approved  June  18,  1878 $5,000  00 

July  1,  1878,  amount  available 5,000  00 

(See  Appendix  G  4.) 

5.  Improvement  of  Nomoni  Creekj  Virginia. — ^A  material  increase  of 
trade  and  additional  facilities  for  transportation  have  resulted  from  the 
improvement  effected  at  the  mouth  of  this  creek.  The  work  has,  how- 
ever, remained  suspended  during  the  year,  owing  to  the  lack  of  funds. 

The  action  of  winds  and  currents,  together  with  constant  passage  of 
steamers  through  the  cut,  has  caused  the  material  to  wash  from  the 
8loi)es',  and  it  is  important  that  the  channel  should  be  widened  and 
deei)ened  at  several  points  in  order  that  the  work  may  be  satisfactorily 
completed.  For  this  purpose  an  appropriation  of  $10,000  is  recommended 
by  the  engineer  in  charge. 

Amount  (estimated)  required  for  completion  of  existing  project $10,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880 .     10, 000  00 

(See  Api)endix  G  5.) 

6.  Improvement  of  Rappahannock  River j  Virginia. — At  the  date  of  the 
last  annual  rejwrt  dredging  was  in  progress  at  Fredericksburg,  under 
the  appropriation  of  $10,000  made  August  14, 1876.  This  work  was 
continued  until  July  26, 1877,  when  the  available  funds  were  exhausted. 

The  act  of  June  18, 1878,  appropriates  $13,500  for  the  continuation  of 
the  improvement.  Thm  sum  will  be  expended  in  the  construction  of 
dikes  ^ong  the  river  near  Fredericksburg,  for  the  purpose  of  contract- 
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ing  the  width  and  providing  a  place  of  deposit  for  the  sand  which  it  is 
proposed  to  dredge  from  the  channel. 

It  is  probable  that  the  work  already  executed  at  Fredericksburg  Bar, 
together  with  that  proposed  during  the  present  season,  wiU  insure  per- 
manent results  at  this  point.  The  engineer  in  charge,  therefore,  recom- 
mends that  the  improvement  of  the  river  between  Fredericksburg  and 
Tappahannock  be  restuned  in  accordance  with  the  original  plan. 

The  estimated  cost  of  a  channel  100  feet  wide  and  10  feet  deep  at  low 
water,  through  the  bars  and  shoals  between  those  pointa,  is  $50,000,  of 
which  $30,000  could  be  profitably  expended  the  next  fiscal  year. 

Jnly  1,  1877,  amount  available  (not  including  |631.62  due  on 
contracts) ^,287  39 

Amount  appropriated  by  act  approved  June  18, 1878 13,  500  00 

115,787  39 

July  1,  1878,  amount  expended  during  fiscal  year  (not  including  |631.G2 
due  on  contracts) 2,287  39 

July  1,  1878,  amount  available 13,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      30, 000  00 

(See  Appendix  G  6.) 

7.  Improvement  of  Leonardtovon  Harbor^  Maryland, — ^A  survey  of  this 
harbor  was  made  in  1874,  and  a  report,  with  estimates  of  cost  of  im- 
provement, will  be  found  in  the  Keport  of  the  Chief  of  Engineers  for 
1875,  part  2,  page  108.  The  improvement  proposed  is  the  excavation  of 
a  channel,  150  feet  wide  and  9  feet  deep,  from  the  9-foot  curve  in  Breton 
Bay  to  the  wharf  at  Leonardtown.  The  sum  of  $5,000,  appi^opriated 
June  18, 1878,  will  be  applied  to  the  commencement  of  the  work  during 
the  present  season.  For  its  completion  $25,000  will  be  needed,  and  the 
enguieer  in  charge  recommends  an  appropriation  of  $15,000  for  the  next 
fiscal  year. 

Amount  appropriated  by  act  approved  June  18,  1878 f5, 000  00 

JiUy  1,  1878,  amount  available 5,000  00 

Aniount  (estimated)  required  for  completion  of  existing  project 25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  15,  000  00 

(See  Appendix  G  7.) 

8.  Improvement  of  Hampton  River ^  Virginia. — ^The  obstruction  to  the 
na\igation  of  Hampton  Eiver  is  a  oar  at  its  mouth.  A  survey  of  this 
bar  was  made  in  1874,  and  a  report^  with  estimates  of  the  cost,  will  be 
found  in  the  Eeport  of  the  Chief  of  Engineers  for  1875,  part  2,  page  152. 

The  act  of  June  18, 1878,  appropriated  $10,000  for  this  work,'which 
will  be  expended  in  dredging  a  channel  8  to  9  feet  deep  and  of  such 
width  as  the  ftmds  allow  through  the  bar. 

The  sum  of  $6,000  will  be  required  for  the  completion  of  the  work 
according  to  the  original  estimate. 

Amount  appropriated  by  act  approved  June  18,  1878 $10, 000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      6, 000  00 

(See  Api^endix  G  8.) 

9.  Improvmnent  of  Elizdbeth  River^  Virginia. — During  the  past  year  a 
cut-off  has  been  dredged  near  the  lock  of  the  Albemarle  and  Chesapeake 
Canal  in  order  to  counteract  the  effect  of  tidal  currents  at  a  shari)  bend 
in  the  river  at  that  point.  The  work  has  been  attended  with  successful 
results,  greatly  increasing  the  safety  of  navigation.    The  "Gap,"  a  slioil 
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distance  below,  has  also  been  widened  so  as  to  facilitate  the  passage  of 
steamers  and  long  tows. 

An  appropriation  of  $5,000  was  made  June  18,  1878,  for  this  work, 
which  was  required  to  complete  the  deepening  of  the  approaches  to  the 
"Gap"  and  to  remove  small  bars  which  cause  some  obstruction  below 
this  point. 

July  1,  1877,  amount  available $4,989  89 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 

$9,989  89 

July  1,  1878,  amount  expended  during  fiscal  year 4,721  94 

July  1,  1878,  amount  available 5,267  95 

(See  Apx>endix  G  9.) 

10.  Improvement  of  Norfolk  Harbor^  Virginia. — ^This  improvement  was 
commenced  in  October,  1877,  under  the  appropriation  of  $35,000  made 
by  the  river  and  harbor  act  of  August  14, 1876.  A  channel  from  20 
to  22  feet  deep  at  low  water  with  an  average  width  of  530  feet  has  been 
dredged  through  the  bar  at  the  mouth  of  the  eastern  branch  of  Eliza- 
beth River  in  the  immediate  harbor.  The  material  found  was  a  very 
soft  blue  mud,  which  was  dei)osited  on  Craney  Island  Flats,  GJ  miles  from 
Norfolk. 

Dredging  was  suspended  in  April,  1878,  and  some  additional  dredging 
along  the  Berkeley  Flats  will  be  required  to  complete  this  channel. 

The  United  States  Advisory  Board  to  the  Harbor  Commissioners  of 
Norfolk  submitted  in  May,  1878,  a  plan  for  the  general  improvement  of 
the  harbor  and  approaches  so  as  to  secure  25  feet  of  water  from  Hamp- 
ton Boads  to  the  navy-yard. 

An  estimate  of  the  cost  of  this  work,  the  total  amount  of  which  is 
$317,955,  was  prepared  by  the  engineer  in  charge,  and,  together  with 
the  report  of  the  United  States  ad\'isory  board,  will  be  found  in  detail 
in  the  appendix  to  this  report. 

July  1, 1877,  amount  avaUable. (34,710  65 

Amonut  appropriated  by  act  approved  June  18,  1878 50, 000  00 

$84,710  85 

July  1, 1878,  amount  expended  during  fiscal  year 31,405  07 

July  1,  1878,  amount  available 53,305  78 

Amount  (estimated)  required  for  completion  of  existing  project 293, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  100, 000  00 

(See  Appendix  GIO.) 

11.  Improvement  of  Chickahominy  River ^  Virginia. — ^The  improvement 
of  the  navigation  of  this  river  was  provided  for  by  an  appropriation  of 
$5,000  in  the  river  and  harbor  act  of  June  18, 1878,  which  it  is  pro- 
posed to  expend  in  dredging  channels  through  Binn's  Bar  and  Windsor 
Shades  Bar,  which  are  the  principal  obstructions,  and  which  are  near 
the  head  of  navigation. 

An  examination  of  this  river  was  made  in  accordance  with  the  act  of 
June  23,  1874,  the  report  of  which  will  be  found  in  the  Report  of  the 
Chief  of  Engineers  for  1875,  part  2,  page  170. 

Amount  appropriated  by  act  approved  June  18, 1878 $5,000  00 

Jnly  1,  1878,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    5, 000  00 

(See  Api)endix  G 11.) 

12.  Improvement  of  BlaeJcwater  Biver^  Virginia. — ^A  sim'^ey  of  this 
river  was  made  in  1874,  and  a  rex)ort  upon  the  same  with  an  estimate  of 
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the  cost  of  improvement  will  be  found  in  the  Eeport  of  the  Chief  of 
Engineers  for  1875,  part  2,  page  161.  The  sum  of  $5,000  was  appro- 
priated for  the  improvement  by  the  river  and  harbor  act  of  June  18, 
1878.  The  work  proposed  during  the  present  season  is  the  removal  of 
snags,  logs,  and  similar  obstructions  to  na\igation. 
For  the  completion  of  the  improvement  $10,000  will  be  required. 

Amount  appropriated  by  act  approved  June  18,  1878 (5,  000  00 

July  1,  1878,  amount  available 5,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 10,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  10,  000  00 

(See  Appendix  G  12.) 

13.  Impravenwnt  of  French  Broad  River ^  North  Carolina, — ^The  survey 
of  this  river  was  completed  in  September,  1877,  and  estimates  of  the 
cost  of  different  methods  of  improvement  will  be  found  detailed  in 
Appendix  G  13  of  this  report.  The  least  expensive  of  the  plans  pro- 
posed is  that  of  securing  2J  feet  of  water  by  means  of  wing-dams  and 
the  excavation  of  gravel  and  rock  at  the  shoals,  the  estimated  cost  being 
$45,500. 

The  removal  of  snags  was  commenced  in  October,  1877,  and,  after 
suspension  of  work  during  the  winter  months,  was  again  resumed  in 
the  spring,  and  is  now  nearly  completed.  Some  rock  for  wing-dams  has 
also  been  quarried. 

The  appropriation  of  $15,000  of  June  18, 1878,  for  the  continuation  of 
the  improvement  will  be  expended  in  building  wing-dams  and  in  the 
removal  of  rock  and  gravel  bars  which  obstruct  the  channel.  For  the 
completion  of  the  work  $30,000  ^\dll  be  required,  of  which  the  engineer 
in  charge  recommends  that  $20,000  be  appropriated  for  the  fiscal  year 
ending  June  30,  1880. 

July  1,  1877,  amount  available  $10,000  00 

Amount  appropriated  by  act  approved  June  18,  1878 15,  000  00 

125,000  00 

July  1,  1878,  amount  expended  during  fiscal  year 7, 102  06 

July  1,  1878,  amount  available 17,837  92 

Amount  (estimated)  required  for  completion  of  existinc  project 30,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      20,  000  00 

(See  Appendix  G  13.) 

14.  Improvement  of  Perquimans  River ^  North  Carolina. — ^The  work  of 
removing  the  stumps  which  obstructed  the  navigation  of  the  river  near  the 
town  of  Hertford  was  continued  until  October,  1877.  A  channel  200  feet 
wide  and  8 J  feet  deep  was  secured,  so  that  steamers  now  pass  through 
the  river  without  detention.  The  stumps  were  of  cypress,  firmly  im- 
bedded, with  large  and  extended  roots.  The  diameter  varied  from  1  to 
7  feet,  ^vith  an  average  depth  of  water  over  them  of  6  feet.  They  were 
first  blasted  with  giant-powder,  and  the  pieces  afterward  removed  by 
snag-hooks  and  derrick,  with  the  aid  of  a  diver. 

July  1,  1877,  amount  available $2,154  14 

July  1,  1878,  amount  expended  during  fiscal  year 1, 566  90 

July  1,  1878,  amount  available 587  24 

(See  Appendix  G  14.) 

15.  Improvement  ofRoanoJce  River,  North  Carolina. — ^Work has  remained 
suspended  for  want  of  funds,  no  appropriation  having  been  made  since 
June  23,  1874. 
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The  estimated  cost  of  removing  snags  from  the  river,  and  repairing 
the  dike  at  Indian  Highland  Bar,  is  $5,000. 

Jttly  1, 1877,  amount  arailable |181  98 

July  1, 1878,  amount  expended  during  fiscal  year 181  98 

Amount  (estimated)  required  for  completion  of  existing  project 222, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  5, 000  00 

(See  Appendix  G  15.) 

16.  Improvement  ofFamplico  River ^  North  Carolina, — ^The  pile  obstruc- 
tions near  Hill^s  Point,  6  miles  below  Washington,  have  been  removed 
and  a  channel  175  feet  wide  and  9  feet  deep  at  low- water  has  also  been 
dredged  over  the  bar  near  tiie  town. 

A  survey  of  a  shoal  portion  of  the  river,  about  1  mile  below,  showed 
that  the  deepening  of  the  channel  at  this  point  would  be  of  advantage 
to  navigation,  but  on  commencing  the  work  it  was  found  that  under  the 
layer  of  material  of  which  the  bed  of  the  river  appeared  to  be  composed 
there,  were  large  numbers  of  stumps,  which  were  only  removed  with  great 
difficulty  and  by  the  aid  of  giant-powder.  A  70-feet  channel  was,  how- 
ever, completed  through  these  stumps  in  June. 

For  widening  this  channel  the  balance  of  the  original  estimate, 
$10,000,  vdYL  be  required. 

July  1,  1877,  amount  available |14,636  04 

July  1,  1878.  amount  expended  during  fiscal  year 12,565  47 

July  1, 1878,  amount  available 2,070  57 

Amount  restimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     10, 000  00 

(See  Appendix  G  16.) 

17.  Improvement  of  Nansemond  River ^  Yirginia, — ^The  channel  through 
Suffolk  Bar  has  been  widened  from  60  to  80  feet,  with  a  depth' of  8  feet 
at  low- water.  A  channel  80  feet  wide  and  8  feet  deep  was  also  dredged 
through  Slungle  Creek  Bar,  a  short  distance  below,  which  somewhat  ob- 
structed navigation  at  low- water.  The  dike  at  Western  Branch  Bar  has 
been  partially  repaired  and  the  channel  at  this  point  remains  in  good  con- 
dition. 

The  sum  of  $2,000  was  appropriated  for  the  completion  of  this  work 
by  the  act  of  June  18,  1878,  and  no  further  expenditure  will  be  required. 

July  1,  1877,  amount  available |4,740  52 

Amount  appropriated  by  act  approved  June  18,  1878 2, 000  00 

$6,740  52 

Jolyl,  1878,  amount  expended  during  fiscal  year 4,639  79 

Julyl,  1878,  amount  available 2,100  73 

(See  Appendix  G  17.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Mr.  Abert  has  been  charged  with  and  is  now  engaged  upon  ex- 
amiiiationB  and  surveys  at  the  following  localities,  the  results  of  which 
win  be  duly  submitted  when  received: 

1.  The  TadkiUj  North  Carolina^  between  the  bridge  on  the  North  Caroluia 
Railroad  and  WHIceshorongh. 

2s  Dan  Biver,  Virginia^  from  Clarksville,  via  Danville^  Virginia^  to 
Donhry,  North  Carolina. 

3  Htmnton  River j  from  Roanoke  Depot j  in  Charlotte  County ^  Virginia, 
ioBroaifteai,  in  the  county  of  Campbell,  Virginia. 
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SURVEY  FOR  AN  INTERIOR    WATER    COMMUNICATION    BETWEEN  NOR- 
FOLK, VIRGINIA,  AND  THE  ATLANTIC  SOUTH  OF  HATTERAS. 

In  the  second  section  of  the  river  and  harbor  act  of  June  18, 1 878, 
there  is  made  an  appropriation  of  $20,000  "for  the  purpose  of  having  a 
complete  survey  and  examination  of  all  the  water  lines  and  routes  lead- 
ing from  the  harbor  of  Norfolk  to  the  Atlantic  Ocean  south  of  Hatteras, 
including  any  communication  that  may  be  practicable  with  the  Cape 
Fear  Eiver.''  This  survey  has  been  assigned  to  Capt.  C.  B.  Phillips, 
Corps  of  Engineers,  and  is  in  progress. 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Captain  Phillips  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  locaUties,  the  results  of  which 
will  be  duly  submitted  when  received: 

1.  N^arth  Landing  Eiver^  Virginia, 

2.  Oymnoock  Harbor^  Virginia. 

3.  The  Nottoway  River,  Virginia.. 

4.  Peedee  River ^  from  CheraiVy  South  Carolina,  to  the  mouth  of  Uwlmrio 
River.  North  Carolina. 

5.  The  Trent  River,  North  Carolina. 

6.  Neuse  River,  from  Smithjield  to  Chldsborough,  North  Carolina. 

7.  Chowan  River,  North  Carolina. 

8.  The  Tar  River,  North  Carolina,  from  Washington  to  Tarhorough. 

IMPROVEMENT  OF  THE  RIVERS  AND  HARBORS  ON  THE  COAST  OF  SOUTH 
CAROLINA,  GEORGIA,  AND  THE  ATLANTIC  COAST  OF  FLORIDA. 

Officer  in  charge,  Lieut.  Col.  Q.  A.  Gillmore,  Corps  of  Engineers,  having 
under  his  immediate  orders  Capt.  James  C.  Post,  Corps  of  Engineers. 

1.  Improvement  of  the  harbor  of  Charleston,  South  Carolina. — ^Very  little 
work  was  carried  on  at  this  harbor  during  the  fiscal  year.  The  outer 
end  of  Bowman  Jetty,  for  an  additional  length  of  30  feet,  was  lowered 
to  a  level  of  2  feet  above  mean  low- water  by  the  removal  of  200  cubic 
yards  of  stone.  The  stone  was  thrown  into  the  work  on  either  side. 
Some  little  dredging  was  done  in  Beach  Channel  by  the  United  St.ates 
dredging-steamer  Henry  Bender,  but  it  was  soon  suspended  on  account 
of  the  great  expense  attending  it.  A  survey  of  the  channel  was  made, 
which  showed  that  the  shortening  of  the  jetty  had  not  been  attended 
with  any  widening  of  the  channel  at  that  point,  but  that  the  western 
end  of  Drunken  Dick  Shoal  moved  toward  Sullivan's  Island  as  the  jetty 
was  shortened.  The  channel  has  been  straightened  as  a  direct  result  of 
the  work,  and  was,  on  the  whole,  rather  better  than  ever  before.  It  had 
not  been  deepened,  but,  on  the  contrary,  was  somewhat  shoaler  than  it 
was  four  or  five  years  ago. 

Several  borings  made  upon  and  in  the  vicinity  of  the  northern  end  of 
the  Charleston  Bar,  with  the  object  of  ascertaining  the  fitness  of  the 
material  comi)osing  the  bar  for  supporting  permanent  works  of  improve- 
ment, indicated  that  works  of  moderate  weight  could  safely  be  built  upon 
it.  On  the  9th  of  March,  1878,  a  project  was  submitted  by  Lieutenant- 
Colonel  Gillmore  for  the  i)ermanent  improvement  of  the  channel  of  en- 
trance into  Charleston  Harbor,  by  means  of  low  jetties,  one  springing 
from  Morris  and  the  other  from  Sullivan's  Island,  and  occupying  curved 
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lines  80  located  tbat  their  sea  ends,  on  the  bar,  would  be  nearly  paral- 
lel to  each  other,  one-half  to  five-eighths  of  a  mile  apart. 

The  works  are  designed  to  be  of  riprap  stone  resting  on  a  mattress  of 
faBcuies. 

For  jetties  with  a  half  a  mile  gap  between  them  the  estimated  cost  was 
placed  at  $1,800,000.  In  the  annual  report  of  the  engineer  in  charge  it 
is  stated  that  some  reduction  can  be  made  in  the  estimates. 

Daring  the  present  fiscal  year  it  is  the  intention  to  begin  the  construc- 
tion of  these  jetties,  the  sum  of  $200,000  having  been  appropriated  for 
that  purpose  by  act  of  June  18,  1878. 

Most  of  this  sum  will  be  expended  in  constructing  and  laying  an  apron, 
composed  of  fascine  mattresses,  or  of  a  combination  of  timber,  brush, 
and  fascines,  to  serve  as  the  foundation  of  the  shore  end  of  the  ]!^orth 
jett>-.  It  will  be  laid  of  the  fuU  width,  and  will  be  loaded  with  a  layer 
of  stone  about  2^  feet  in  depth  to  keep  it  secure. 

July  1,  1877,  amoiint  available |7, 368  71 

Amoant  appropriated  by  act  approved  June  18,  1878 200,  000  00 

$207,  368  71 

Jaly  1.  1878,  amount  expended  during  fiscal  year   6,  392  36 

Jolyl,  1878,  outstanding  liabilities 1,000  00 

7,  392  36 

Jalyl,  1878,  amount  available 199,976  35 

Amoant  (estimat-ed)  required  for  completion  of  existing  project 1,600,  000  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      500, 000  00 

(See  Appendix  H  1.) 

2.  Improvement  of  Savannah  River  and  Harbor^  Georgia. — ^During  the 
fiscal  year  just  closed  work  was  restricted  mainly  to  dredging  in  these  . 
localities,  viz:  (1)  on  the  shoal  northeast  of  Fort  Pulaski;  (2)  on  the 
shoal  southwest  of  Oyster  Bed  light  near  Fort  Pulaski,  and  (3)  in  the 
new  channel  at "  The  Wrecks."  The  work  of  carefully  gauging  the  stream 
at  several  points,  with  a  view  to  project  for  future  work,  was  begun. 

Daring  the  present  fiscal  year  the  ganging  of  the  river  will  be  finished, 
probably  in  July,  and  the  submerged  dam  at  the  Cross  Tides,  consisting 
of  a  superstructure  of  riprap  stone  resting  upon  a  mattress  of  fascines, 
or  upon  a  foundation  of  timber  and  brush,  or  timber,  brush,  and  fascines, 
wfll  be  constructed.  When  this  has  been  carried  up  to  the  height  deemed 
requisite,  and  the  effects  of  the  increased  ebb  flow  in  firont  river  have 
been  observed  and  studied,  a  project  for  subsequent  work  will  be  deter- 
mined. 

J nly  1,  1877,  amonnt  available |37, 137  32 

Amount  appropriated  by  act  approved  June  18,  1878 70,  000  00 

$107, 137  32 

Jul V  1,  1878,  amonnt  expended  during  fiscal  year 36, 453  83 

July  1,  1878,  ontstanding  liabiUties 242  19 

36, 696  02 

July  1,  1878,  amount  available 70,441  30 

Amount  (eHtimat«d)  required  for  completion  of  existing  project 229, 320  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     150, 000  .00 

(See  Appendix  H  2.) 

3.  Improvement  of  Saint  Aiigtistine  Creek  (Thunderbolt  River )^  Georgia. — 

'^^riveT  constitates  part  of  the  inside  passage  between  the  Savannah 

^iverand  WasaBW  Sound,  and  is  used  by  small  freight  and  passenger 

^(^mersplviiifC  between  Savannah  and  Brunswick,  Darien,  Fernandina, 

ml  the  Saint  John's  Biver. 
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The  only  improvement  that  is  recommended  is  the  removal  of  a  single 
dangerous  obstruction,  consisting  of  a  large  timber  dry-dock,  sunk  there 
during  the  civil  war,  which  lies  directly  in  the  channel. 

No  appropriation  was  ever  made  by  Congress  for  the  improvement  of 
this  stream. 

Appropriation  recommended  for  thU  purpose |5, 000  00 

(See  Appendix  H  3.) 

4.  Improvement  of  the  Harbor  of  Darien,  Georgia'. — ^The  first  appropria- 
tion for  this  purpose,  amounting  to  $8,000,  was  made  by  act  approved 
June  18, 1878.  It  will  be  expended  in  removing  a  shoal  in  Back  liiver, 
between  Commodore  and  Wolf  Islands,  Back  River  being  one  of  the  out- 
lets into  Doboy  Sound  of  the  Darien  River. 

No  additional  appropriation  is  required. 
(See  Appendix  H  4.) 

5.  Improvement  of  inside  passage  between  the  Saint  John^s  River  and 
Fernandifuij  Florida. — ^No  work  on  this  passage  w^a«  done  during  the 
fiscal  year  just  closed  for  want  of  funds,  and  no  appropriation  was  made 
for  the  present  fiscal  year.  The  engineer  in  charge  reports  that  no  mate- 
rial changes  in  the  channel  have  taken  place  since  the  date  of  his  last 
annual  report,  and  no  changes  are  anticipated  so  long  as  the  passage  is 
used  by  steamboats.  There  are  two  points  where  the  passage  is  very 
contracted. 

At  one  of  them,  known  as  Gunnison's  Cut,  the  width  is  scarcely  30 
feet,  and  the  low- water  depth  does  not  exceed  2  J  feet.  The  enlargement 
of  the  channel  at  these  points  is  recommended  so  long  as  the  bar  at  the 
mouth  of  Saint  John's  River  remains  unimproved. 

An  appropriation  of  $10,000  is  needed,  to  be  expended  upon  the  inside 
passage  or  at  the  mouth  of  the  Saint  John's  River,  as  the  Secretary  of 
War  shall  direct. 

(See  Appendix  H  5.) 

6.  Improvement  of  the  bar  at  the  mouth  of  Saint  John^s  River ^  Fhrida. — 
No  work  has  been  done  on  this  bar  for  several  years,  no  appropriation 
for  its  improvement  ha\ing  been  made.  It  is  proposed  by  the  engineer 
in  charge  to  expend  a  portion  of  the  $10,000  appropriated  by  act  api)roved 
June  18,  1878,  in  gauging  the  stream  at  several  points  near  ite  lower  end, 
and  in  making  a  series  of  borings  upon  the  bar  at  its  mouth,  with  a  \iew 
to  obtaining  the  necessary  data  for  a  project  for  its  permanent  improve- 
ment. 

(See  Appendix  H  6.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Lieutenant-Colonel  Gillmore  has  been  charged  with  and  is  now 
engaged  upon  examinations  and  surveys  at  the  following  localities,  the 
results  of  which  wiU  be  duly  submitted  when  received: 

1.  The  Savannah  River  above  Augusta^  Georgia. 

2.  The  peninsula  of  Florida  with  a  view  to  the  construction  of  a  ship- 
canal  from  the  Saint  Mary^s  River  to  the  Qulf  of  Mexico. 

3.  The  mouth  of  Saint  John^s  River ^  Florida. 

4.  For  survey  of  the  Saint  John^s  River^  Florida^  between  Lake  Oeorge 
and  Lake  Monroe,  and  estimates  of  cost  of  deepening  Volusia  Bar  and 
straightening  the  river  by  cut-offs. 
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GULF  OF  MEXICO. 

raPROYEHENT  OF  THE  HASBOBS  OP  MOBILE,  ALABAMA,  AND  OF  PEN- 
SACOLA  AND  CEDAR  KEYS,  FLORIDA — ^IMPROVEMENT  OF  THE  NAVI- 
GATION OF  RIVERS  IN  ALABAMA  AND  FLORIDA,  AND  OF  CHATTA- 
HOOCHEE AND  FLINT  RIVERS,  GEORGIA. 

Officer  in  charge,  Capt.  A.  K  Damrell,  Corps  of  Engineers. 

1.  Improvement  of  harbor  at  Mobile^  Alabama. — ^With  the  exception  of 
the  removal  of  some  logs  from  the  channel  no  work  was  carried  on  in 
prosecution  of  this  improvement  during  the  fiscal  year  1877-'78. 

Under  an  appropriation  of  $10,000  by  act  of  Congress  approved  June 
18, 1878,  it  is  propose<l  to  make  tests,  surveys,  and  borings  to  determine 
the  feasibility  of  obtaining  a  ship-ctiannel  of  22  feet  from  the  lower  an- 
chorage in  Mobile  Bay  to  the  wharves  of  the  city  of  Mobile. 

No  appropriation  will  be  required  for  fiscal  year  ending  June  30, 1880. 

July  1, 1877,  amoiint  available $4, 015  57 

Amaant  appropriated  by  act  approved  June  Itt,  1878 10, 000  00 

$14, 015  57 

July  1, 1W8,  amount  expended  dnring  fiscal  year 2, 146  31 

Julyl,  1878,  amonnt  available 11,869  26 

(See  Appendix  II.) 

2.  Improvement  of  harbor  at  Pensacola^  Florida. — Under  appropriation 
of  $20,000  made  June  18,  1878,  it  is  proposed  to  remove  the  wrecks  in 
this  harbor,  and  make  such  other  improvements  as  the  apx>rox3riation 
alloirs. 

No  appropriation  wiU  be  required  for  the  fiscal  year  ending  June  30, 
1880. 

AiBoant  appropriated  by  act  approved  June  18, 1878 $20,  000  00 

Julyl,  1878,  amount  available 20,000  00 

{See  Appendix  12.) 

3.  Improvement  of  harbor  at  Cedar  Keysj  Florida. — During  the  fiscal 
year  14,221  cubic  yards  of  material  were  excavated  from  the  shoal  be- 
tween Depot  Key  and  Way  Key,  giving  a  channel  through  tlie  Middle 
Ground  80  feet  wide  and  11 J  feet  deep  at  mean  low  tide. 

It  is  proposed  during  the  fiscal  year  1878-'79  to  continue  the  im- 
provement, by  dredging,  imder  the  appropriation  of  $20,000  of  June  18, 
1878. 

An  appropriation  of  $50,000  is  recommended  by  the  oflOicer  in  charge 
for  fiscal  year  ending  June  30, 1880. 

Jtiljrl,  1877,  amount  available ^,983  65 

Amount  appropriated  by  act  approved  June  18,  1878 20,  000  00 

829, 983  65 

July  1, 1878,  amount  expended  during  fiscal  year 9, 983  65 

Julyl,  1878,  amonnt  available 20,000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 81,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      tO,  000  00 

(See  Appendix  1 3.) 

4  Improvement  of  Choctawhatehee  River^  AlaMma  and  Florida. — ^Work 
on  the  improvement  of  this  river  was  carried  on  during  the  months  of 
Jaly  and  August,  1877,  when  the  balance  of  the  approi)riation  ma<le  by 
act  of  Congress  approved  August  14, 1876,  being  exhausted,  oi>eration8 
▼ere  discontinued  after  the  removal  of  more  tlian  630  snags  and  1,200 
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overhanging  trees  and  deepening  of  shoal  at  Millers  Field  by  the  re- 
moval of  drift  and  gravel. 

Appropriation  recommended  by  the  officer  in  charge  for  fiscal  year 
ending  June  30, 1880,  for  continuing  the  improvement  is  $19,000. 

July  1,  1877,  amount  available |2, 786  38 

July  1,  1878,  amount  expended  during  fiscal  year 2,577  81 

July  1,  1878,  amount  available 208  57 

Amount  ( estimated)  required  for  completion  of  existing  |>roject 19,  332  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      19, 000  00 

(See  Appendix  1 4.) 

5.  Improvement  of  Apalachioola  River ^  Florida, — ^Work  was  prosecuted 
on  this  river  from  January,  1878,  to  the  middle  of  April,  1878,  at  Moc- 
casin Slough  and  other  points,  and  consisted  in  the  construction  of  a 
dam  130  feet  long,  the  removal  of  486  cubic  yards  of  earth  and  270  logs 
and  snags,  and  many  overhanging  trees. 

It  is  intended  during  next  year  to  continue  the  improvement  with  the 
appropriation  of  $8,000  of  June  18, 1878,  by  removal  of  sunken  logs, 
snags,  and  overhanging  trees,  improvement  of  cut-off,  and  widening  and 
straightening  channel  through  Moccasin  Slough. 

Ai)propriation  recommended  by  the  oflicer  in  charge  for  fiscal  year 
ending  June  30, 1880,  $20,000. 

July  1,  1877,  amount  available m,  776  91 

Amount  appropriated  by  act  approved  June  18,  1878 8,  000  00 

«12,776  91 

July  1,  1876;  amount  expended  during  fiscal  year 4, 074  33 

July  1,  1878,  amount  available 8,702  58 

Amount  (estimated)  required  for  completion  of  existing  project 52, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      20, 000  00 

(See  Appendix  1 5.) 

6.  Improvement  of  Chattahoochee  and  Flint  Rivers^  Georgia. — ^This  work 
was  continued  during  the  year  as  follows : 

On  Chattahoochee  River,  completion  of  4-feet  channel  over  Wolfax 
Bar,  by  construction  of  shore  protection,  jetties,  and  wing-dams.  The 
following  bars  were  also  improved  by  the  removal  of  snags,  logs,  &c. : 
Abercrombie,  Shell  Creek,  Chimney's  Bluff,  and  Snake  Shoal.  A  chan- 
nel 60  feet  in  width  and  4  feet  depth  was  obtained  by  blasting  rock  on 
Uchee,  Slick  Bluff,  and  Hardridges  Shoals.  On  Flint  River,  by  blasting 
rock  and  removing  sunken  logs,  a  channel  60  feet  wide  and  4  feet  deep 
was  cleared  between  the  wharf  at  Bainbridge  and  Lamberts  Island. 

It  is  proposed  during  next  year  to  continue  the  improvement  of  Chat- 
tahoochee by  clearing  the  channel  at  the  most  dangerous  shoals,  such  as 
Hardridges  Shoals  and  Kings  Rock,  and  the  improvement  of  Flint  River 
by  removal  of  rocks,  sunken  logs,  &c.,  between  Lamberts  Island  and  its 
mouth. 

Appropriation  recommended  by  the  officer  in  charge  for  fiscal  year 
ending  June  30, 1880,  for  continuing  the  improvement,  $50,000. 

July  1,  1877,  amount  available $25,565  09 

Amount  appropriated  by  act  approved  June  18,  1876 28, 000  00 

#53,565  09 

July  1,  1878,  amount  expended  during  fiscal  year 21, 647  57 

July  1,  1878,  amount  available 31,917  52 

Amount  (estimated)  required  for  completion  of  existing  project 2tfti,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18d0 .      50, 000  00 

(See  Apj)endix  1 6.) 
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7.  Impr<yveme7U  of  Black  Warrior  and.  Tonibighee  Rivers j  Alabama. — 
During  the  year  the  Warrior  River  was  cleared  of  logs,  snags,  and  over- 
hanging trees  firom  the  mouth  of  the  river  to  Log  Shoals.  There  is  now 
a  channel  of  2  J  feet  minimum  depth  fix3m  the  mouth  of  the  river  to  East- 
port,  a  distance  of  62  miles. 

It  is  proposed  during  next  year  to  improve  Warrior  Eiver  from  East- 
port  to  Tuscaloosa,  and  the  Tombigbee  from  Demopolis  to  its  mouth. 

Appropriation  recommended  by  the  officer  in  charge  for  fiscal  vear 
ending  June  30, 1880,  $100,000. 

July  1, 1877,  amount  available $5,463  04 

Amount  appropriated  by  act  approved  June  18.  1878 40, 000  00 

$45,  463  04 

July  1, 1878,  amount  expended  during  fiscal  year 4, 318  24 

Juhrl,  1878,  amount  available 41,144  80 

Amount  (estimated)  required  for  completion  of  existing  project 104, 603  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     100,  000  00 

(See  Appendix  1 7.) 

8.  Improvement  of  Tomhighee  River  above  Columbus. — With  the  appro- 
priation of  $12,000  of  June  18, 1878,  it  is  proposed  to  improve  the  navi- 
gation of  this  river  by  the  removal  of  all  snags,  sunken  logs,  and  over- 
hanging trees,  and  the  improvement  of  the  worst  bars  in  the  river 
above  Columbus. 

Appropriation  recommended  by  officer  in  charge  for  fiscal  year  end- 
ing June  30, 1880,  for  continuing  the  improvement,  $18,000. 
(See  Appendix  I  8.) 

9.  Improvetnent  of  Atahama  River. — ^With  the  appropriation  of  June 
18, 1878,  it  is  proposed  during  next  year  to  close  cut-off  about  12  miles 
above  the  mouth  of  the  river,  by  construction  of  dams  and  jetties,  and 
clear  the  river  of  logs,  snags,  and  overhanging  trees  from  Wetumpka 
to  it8  month. 

Appropriation  recommended  by  the  of&cer  in  charge  for  fiscal  year 
ending  June  30,  1880,  for  the  continuation  of  this  improvement  is 
$100,000. 

Amount  appropriated  by  act  approved  June  18,  1878 $25,  000  00 

July  1,  1878,  amount  available 25,000  00 

Amount  (eiitimated)  required  for  completion  of  existing  project 229,  741  00 

Axnoujit  tbat  c«n  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  100,  000  00 

(See  Appendix  I  9.) 

EXAMINATIONS  AND  SUBVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  Jime  18, 1878, 
Captain  Damrell  has  been  charged  with  and  is  now  engaged  upon  ex- 
aaunations  and  surveys  at  the  following  localities,  the  results  of  which 
wfll  be  duly  submitted  when  received : 

1.  Ihe  Conecuh  River,  Alabama. 

2.  The  Patsaligo  River,  Alabama. 

3.  The  Escambia  River ,  Alabama. 

4.  The  Chickasahay  River,  Mississippi. 

5.  The  Pa^cagoula  River,  Mississippi. 

6.  Ihe  Suwannee  River.  FUn-ida. 

7.  The  CaloosaAatchie  River,  Florida. 

8.  The  mouth  of  Hillsborough  River,  Florida. 

9.  Tampa  Bajfj  Florida. 

iO  The  Flint  River ^  Oeorgia,from  Albany  to  Montezuma. 
II  Apalaehicola  Bay,  FUyri^. 

6e 
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IMPROVEMENT  OF  THE  MOXTTH  OF  MISSISSIPPI  RIVER  AT  SOUTH- 
WEST PASS ;  OF  THE  ENTRANCE  TO  GALVESTON  HARBOR^  AND  THE 
SHIP-CHANNEL  tN  GALVESTON  BAY ;  OF  SABINE  PASS  AND  PASS  CA- 
VALLO,  AND  OF  SABINE,  NECHES,  AND  TRINITY  RIVERS,  TEXAS,  AND 
BAYOU  LAFOURCHE,  LOUISIANA — ^IMPROVEMENT  OF  THE  HARBOR  AT 
NEW  ORLEANS. 

Officer  in  charge,  Capt.  C.  W.  Howell,  Corps  of  Engineers,  with  Capt- 
C.  E.  L.  B.  Davis,  Corps  of  Engineers,  under  his  immediate  orders. 

1.  Improvement  of  the  mouth  of  the  Mississippi  River  at  Southwest  Pass, — 
The  act  of  Congress  approved  August  14,  1876,  provided  that  the  ap- 
propriation for  this  work  should  not  be  available  whenever  there  should 
be  a  channel  of  18  feet  in  depth  through.  South  Pass. 

This  depth  through  South  Pass  having  been  reported,  dredging  at 
Southwest  Pass  was  suspended  August  22,  1877. 

One  of  the  idle  dredge-boats,  the  Essayons^  formerly  employed  upon 
tliis  work,  was  sent  to  Sabine  Pass,  Texas,  to  perform  the  work  at  that 
place  provided  for  by  Congress. 

The  Essayons  becoming  disabled,  her  mate,  the  MeAlester^  was  sent 
to  relieve  her,  but  was  lost  on  the  voyage  from  Kew  Orleans  to  Sabine 
Pass,  the  particulars  of  which,  so  far  as  known,  are  given  by  Captain 
Howell  in  Appendix  J  1  of  this  report. 

The  Essayons  and  the  other  property  belonging  to  the  work  (except 
the  end  dock  coal  barge  and  storehouse,  which  were  sold  at  auction,  and 
the  steam-launch,  which  was  transferred  to  the  work  for  improving  har- 
bor at  Galveston,  Texas)  have  been  transferred  to  the  work  for  improve- 
ment of  Sabine  Pass. 

July  1,  1877,  amount  avaUable $10,760  98 

August  6,  1877,  amount  aUotted  from  appropriation  for  repair, 
preservation,  extension,  and  completion  of  river  and  harbor 

works 12,200  00 

122,960  98 

July  1,  1878,  amount  expended  during  fiscal  year 22,  960  98 

(See  Appendix  J  1.) 

2.  Improvement  of  the  entrance  to  Galveston  Harbor ^  Texas, — This  work 
was  suspended  November  30,  1877,  on  account  of  exhaustion  of  the 
appropriation. 

The  changes  produced  on  the  inner  bar  by  the  work  are  very  gratify- 
ing; the  survey  of  June,  1877,  showing  a  least  depth  over  the  bar  of  20 
feet,  with  a  lea^t  width  between  the  20-feet  curves  of  200  feet,  where 
before  the  work  commenced  there  existed  a  narrow  and  intricate  channel 
of  but  12  feet  in  depth. 

Work  on  the  outer  bar  had  not  progressed  far  enough  at  the  time  of 
suspension  to  produce  important  results. 

With  the  large  number  of  gabions  on  hand  ready  to  sink  in  the  Boli- 
var gabionnade,  it  is  thought  by  the  officer  in  charge  that  results  will  be 
obtained  sufficient  to  show  that  the  completion  of  the  work  will  probably 
secure  a  depth  over  the  outer  bar  equal  at  least  to  that  ah-eady  secured 
through  the  agency  of  the  gabionnade  over  the  inner  bar. 

Original  estimate $1,259,456  43 

Revised  estimate 559,740  00 

Whole  amount  appropriated 477,000  00 

Whole  amount  expended - 357,662  72 

Julyl,  1877,  amount  available (36,052  60 

Amount  appropriated  by  act  approved  June  18,  1878 50,000  00 

Amount  appropriated  by  act  ai)proved  June  7,  1878 76,000  00 

$161,052  60 
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Jaly  1,  l^B.  amoant  expended  dnriug  fiscal  year ^^  089  60 

Joly  1,  1878,  outstandiiLg  liabUitiea 4.6*25  72 

$41,715  32 

Jnlyl,  1878,  amonnt  available 119,337  28 

Amount  (estimat-ed)  required  for  completion  of  existing  project 82, 740  00 

Amoant  that  can  he  profitably  expended  in  fiscal  year  ending  June  30, 1880* .     150, 000  00 

(See  Appendix  J  2.) 

3.  Improrement  of  ship-channel  in  Oalveston  Bay^  Texas^  beUceen  Boli- 
var Channel  and  Bed  Fish  Bar. — Expenditure  of  the  appropriation  of 
1876  for  tills  work  having  been  suspended;  upon  recommendation  ap- 
proved by  the  honorable  Secretary  of  War,  to  await  further  action  of 
Congress,  no  work  was  performed  during  the  past  fiscal  year. 

During  the  jiresent  fiscal  year  it  is  proposed  to  expend  the  money  now 
available  in  excavating,  by  contract,  a  channel  12  feet  deep  at  mean  low 
tide,  and  100  feet  wide  at  bottom,  firom  the  head  of  Bolivar  Channel  to 
the  United  States  cut  through  Red  Fish  Bar. 

July  1,  1377,  amount  available $72,000  00 

Amoant  appropriated  by  act  approved  June  18,  1878 75,000  00 

$147,000  00 

July  1, 1878,  amount  available 147,000  00 

Amount  (estimated)  required  for  completion  of  existing  project,  12  feet 

d«?ep  and  100  feet  wide 446,326  42 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     200, 000  00 

(See  Apjiendix  J  3.) 

4  Improvement  of  Sabine  PasSj  Texas. — In  consequence  of  suspension 
of  dredging  at  Southwest  Pass  of  the  Mississippi  River  the  United  States 
dredge-boats  Essayons  and  McAlester  were  idle  at  the  time  bids  received 
for  the  performance  of  this  work  by  contract  were  being  considered. 

With  a  view  to  economy  for  the  government  and  s^vantage  to  the 
work  the  bids  were  rejecte<l  and  the  Essayons  sent  to  do  the  work. 

The  disablement  of  the  Essayons  and  the  loss  of  the  McAlester^  together 
with  unavoidal>le  delay  experienced  in  making  repairs  to  the  Essayons 
retarded  the  progress  of  the  work. 

Upon  comjilerion  of  repairs  to  the  Essayons  she  will  be  returned  to 
Sabine  Pass  to  resume  the  work  of  dredging. 

The  ofiicer  in  charge  submits  an  estimate  of  $100,000  for  the  continua- 
tion of  this  improvement  for  the  fiscal  year  ending  June  30, 1880,  but 
owing  to  want  of  sufficient  information  in  this  office  as  to  the  necessity 
for  so  large  an  appropriation  this  estimate  is  reduced  to  $30,000,  the 
amoant  of  last  yeai-'s  appropriation. 

Jnly  1,  1877,  amoant  available $50,489  42 

Amoant  appropriated  by  act  approved  Jane  18,  1878 30, 000  00 

$80,489  42 

July  1, 1878,  amoant  expended  during  fiscal  year 35, 252  02 

Jolv  1,  1878,  outstanding  liabilities 2,  385  20 

37, 637  22 

Jnly  1, 1878,  amount  available 42,^52  20 

Amount  (estimated)  required  for  completion  of  existing  project  20-feet 
chaDoel 302,317  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 
18H0.  as  revised  in  this  office 30,000  00 

(See  Appendix  J  4.) 

'Note. — ^The  amount  required  for  next  fiscal  year  in  excess  of  balance  remaining 
after  deducting  total  amount  appropriated  from  amount  estimated  for  completion  of 
flirting  project  is  necessary  to  cover  loss  to  the  work  sustained  by  firequent  suspen- 
8um»  due  to  inadequate  appropriations. 
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5.  Improvement  of  the  narrows  above  Orange^  on  the  Sabine  RireVy  Texas^ 
and  deepening  the  channel  at  the  mouth  of  saia  river, — ^There  was  appro- 
priated for  this  work  at  the  last  session  of  Congress  $10,000,  with  which 
it  is  proposed  to  dredge  a  diannel  at  the  mouth  of  the  river  5  feet  deep 
at  mean  low  tide  and  100  feet  wide,  or  so  much  thereof  as  the  appropri- 
ation wiU  permit. 

Amount  appropriated  by  act  approved  Jnne  18,  1878 $10, 000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 21, 033  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 1880 .    21, 033  00 

(See  Appendix  J  5.) 

6.  Deepening  the  channel  at  the  mouth  of  the  Heches  Eiver,  Texas^  and 
removing  obstructions  to  Beaumont. — With  the  $8,000  available  for  this 
work  it  is  proposed  to  excavate  a  channel  5  feet  deep  at  mean  low  tide 
and  40  feet  wide,  or  so  much  thereof  as  the  amount  will  pennit,  through 
the  bar  at  the  mouth  of  the  river. 

Original  estimate — work  at  mouth tS6,318  05 

Amount  appropriated  by  act  approved  June  18,  1878 8, 000  00 

July  1,1878,  amount  available 8,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 18, 318  05 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  18, 318  05 

(See  Api)endix  J  6.) 

7.  Deepening  tlie  channel  at  the  mouth  of  the  Trinity  River,  Texas j  and 
removing  obstructions  to  Liberty. — ^The  $10,000  made  available  by  the  last 
Congress  will  be  expended  in  dredging  a  channel  5  feet  deep  and  100 
feet  wide  across  the  bar  obstructing  the  entrance  to  the  river,  or  so 
much  thereof  as  the  amount  will  permit. 

Original  estimate — ^work  at  mouth $40,  000  00 

Kemoving  snags,  &c 6,000  QO 

Amount  appropriated  by  act  approved  Jnne  18,  1878 10, 000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 7,967  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .      7, 967  00 

(See  Appendix  J  7.) 

8.  Improvement  of  Pass  Cavallo^  inlet  into  Mata{forda  Bay^  Texas. — The 
river  and  harbor  act  of  August  14,  1876,  appropriated  $20,000  for  this 
work. 

As  that  amount  was  manifestly  too  small  for  the  commencement  of  a 
work  of  this  nature,  it  was  recommended,  and  the  recommendation  was 
approved  by  the  honorable  Secretary  of  War,  that  the  work  be  held  to 
await  further  action  of  Congress. 

Great  changes  have  been  reported  in  the  pass  since  the  last  survey,  to 
ascertain  the  nature  of  which  an  examination  wiU  be  made,  and  ui)on  its 
comi)letion  the  oflOicer  in  charge  will  submit  a  project  for  exi)enditure  of 
the  appropriations  now  available. 

Original  estimate $715,325  00 

Whole  amount  appropriated 45,000  00 

July  1,  1877,  amount  available |20,000  00 

Amount  apiii-opriated  by  act  approved  June  18,  1878 25,  000  00 

45,  000  00 

July  1,  1878,  amount  available 45,000  00 

Amount  (estimated^  required  for  completion  of  existing  project 670,  325  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1880,  as  revised  in  this  office 130,000  00 

(See  Appendix  J  8.) 

9.  Removing  obstructions  in  Bayou  Lafourche^  Louisiana. — ^The  amount 
available  for  this  work  during  the  present  fiscal  year  ^vill  be  applied  to 
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the  remoTal  of  stumps  and  snags  between  Thibodeauxville  and  Parr's 
CanaL 

Amonnt  ap|)ropriated  by  act  approved  Jane  18,  1878 $10^  000 

Julyl,  1S78,  amount  available 10,000 

(See  Appendix  J  9.) 

10.  Improvement  of  the  harbor  at  2^ew  OrleanSy  Louisiana, — The 
amoant  available  for  this  work  will  be  expended  during  the  present  fis- 
cal year  in  jirotecting  the  river  front  of  I^ew  Orleans,  according  to  the 
plan  adopted  by  the  Commission  of  Engineers  convened  for  that  purpose, 
a  report  of  which  will  be  found  in  Appendix  J  10  of  this  report- 
Original  estimate  $476,000  00 

Whole  amount  appropriated 50,  000  00 

Amomit  appropriated  by  act  approved  June  18,  1878 50,  000  00 

Jnly  1,  1W8,  amount  available 50,000  00 

Amoant  ^efltimated)  required  for  completion  of  existing  project 426,  000  00 

Anwnnt  that  can  be  pront  ably  expended  in  fiscal  year  ending  June  30, 1880 .     200,  000  00 

(See  Appendix  J  10.) 

EXAMINATIONS  AND  SURVEYS  FOB  mPEOVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1S78,  Captain  Howell  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  didy  submitted  when  received : 

1.  Penrl  River^  Mississippi, 

2.  Bra2os  River  in  Texas  from  eight  miles  above  its  mouth  down  throtigh 
its  m€mth  to  the  outer  edge  of  the  bar  in  the  Gulf  of  Mexico, 

3.  Aransas  Pass  and  Bay  up  to  Rockportand  Corpus  Christiy  Texas,  and 
Corpus  Christi  Pass  and  Channel, 

4.  The  bar  at  the  mouth  of  Brazos  River,  Texas,  including  a  report  upon 
the  capacity  of  ths  harbor  at  the  mouth  of  the  Brazos,  and  its  adaptability 
as  a  harbor  of  refuge  and  naval  station, 

5.  Tangipahoa  River,  Louisiana, 

PBOTECTION  OP  THE    RIVEB  BANKS  AT  FOBT   BBOWN,    TEXAS,    FBOM 
ENCEOACHMENTS  OF   THE  BIO  GBANDE. 

Officer  in  charge,  Capt  James  F.  Gregory,  Corps  of  Engineers. 

This  work  having  sustained  some  injury  at  its  up-stream  end,  the  un- 
expended balance  of  the  apx>ropriation  of  JiUy  31,  1876,  was  applied  to 
eontbiiuug  the  work  130  feet  up-stream  from  the  point  where  the  main 
stmeture  had  remained  uninjured. 

As  the  bank  in  front  of  the  administration  building  has  begun  to  wear 
away,  it  is  apprehended  that  this  building  d.nd  much  valuable  land  may 
be  lost,  and  that  the  river  may  yet  break  through  into  the  lagoon.  To 
arrest  this,  since  the  work  of  protection  has  successfully  withstood  the 
high-water  currents  of  last  year  and  of  this  spring,  the  officer  in  charge 
nfTfiinmends  that  the  work  be  continued  about  400  feet  farther  down 
stream,  for  the  cost  of  which  he  submits  an  estimate  of  $14,400. 
i^h  1, 1877.  balance  available  of  appropriation  made  by  snndry  civil  act 

ai»prD%'ed  Jalv31,  1H76 $2,802  41 

i^ij  1, 18^8,  Amount  expended  during  fiscal  year 2, 796  33 

%/,  1878,  amount  available 6  08 

Jimnt  tbst  can  he  profitably  expended  in  fiscal  year  endmg  June  30, 1880.  14740000 

(See  Appendix  K») 
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WESTERN    RIVERS. 

IMPROVEMENT  OF  OUACHITA  AND  YAZOO  RIVERS — ^REMOVAL  OP  RED 
RIVER  RAFT — IMPROVEMENT  OF  TONE'S  AND  CYPRESS  BAYOUS  AND 
OF  THE  MOUTH  OF  RED  RIVER — ^PRESERVATION  OF  THE  PORTS  OP 
MEMPHIS  AND  VICKSBURG — WATER-OAUOES  ON  THE  MISSISSIPPI  AND 
ITS  PRINCIPAL.  TRIBUTARiES. 

OflBcer  in  charge,  Capt.  W.  H.  H.  Benyaurd,  Corps  of  Engineers. 

1.  Improvement  of  Otiachita  River ^  Arkansas  and  Louisiana. — Low- water 
dams  were  constructed  at  Spoon  Camp  Shoals  and  Buffalo  Flats,  for  the 
purpose  of  concentrating  aU  the  water,  when  at  a  low  stage,  in  a  single 
channel,  and  the  snag-boat  Wagner  was  employed  in  removing  obstruc- 
tions from  the  channel  of  the  river. 

During  the  coming  season  it  is  proposed,  as  far  as  the  funds  will  allow, 
to  build  low-water  dams  at  Hog-Eye  Shoals,  Slim  Island,  and  Smack- 
Over  Shoals,  and  to  continue  snagging  operations  with  the  Wai^ner. 

July  1,  1877,  amoimt  available $6,830  56 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$16,830  56 

July  1,  1878,  amount  expended  during  fiscal  year 6,808  24 

July  1,  1878,  amount  available 10,022  32 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  25, 000  00 
(See  Appendix  L  1.) 

2.  Improvement  of  Yazoo  River^  Mississippi. — ^There  being  no  snag-boat 
belonging  to  this  wo^  and  the  funds  appropriated  not  being  sufficient 
to  purchase  one,  the  Wagner  was  taken  from  the  Ouachita  and  employed 
in  removing  wrecks,  snags,  &c.,  from  the  channel  of  the  river. 

It  is  proposed  dunng  the  coming  season  to  operate  in  the  same  manner. 

As  there  are  many  calls  made  for  the  Warner  (it  being  the  only  light- 
draught  snag-boat  in  service)  for  work  on  the  Southern  rivers,  and  as  it 
is  impossible  to  do  full  justice  to  all,  the  officer  in  charge  recommends 
that  funds  sufficient  be  appropriated  to  build  another  light-draught  boat. 

July  1,  1877,  amount  available $13,956  51 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$38,956  51 

July  1,  1878,  amount  expended  during  fiscal  year 13, 799  68 

July  1,  1878,  amount  available 25,156  83 

Amount  (estimated)  required  for  completion  of  existing  project 68, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     50, 000  00 

(See  Appendix  L  2.) 

3.  Removing  raft  in  Red  River  and  closifig  Ton^s  Bayou^  Louisiana. — 
Removing  raft  in  Red  River. — ^The  steamer  Florence  was  raised  and  em- 
ployed during  the  season  in  removing  obstructions  from  the  channel  and 
in  keeping  Red  River  open  above "SliSeveport. 

During  the  coming  season  it  is  proposed  to  continue  these  operations. 

Closing  Ton^s  Bayou. — ^A  break  having  occurred  at  the  east  end  of  the 
dam,  an  allotment  of  $4,500  was  made  for  its  repair.  With  this  amount, 
and  with  $3,000  furnished  by  the  citizens  of  New  Orleans,  i^e^  break 
was  repaired  and  the  dam  carried  up  to  within  12  feet  of  high-water 
mark. 

During  the  conung  season  it  is  proposed  to  carry  the  dam  up  to  its 
full  height  and  cover  the  top  with  a  heavy  layer  of  stone. 
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Myl,  Itfn,  amount  available 12,262  32 

August  27, 1877,  amount  allotted  for  Tone's  Bayou 4,  500  00 

AuKOunt  appropriated  by  act  approy<)d  February  7,  1678 6, 000  00 

Amount  appropriated  by  aet  approved  Jime  18,  1878 24,  000  00 

$36, 762  32 

July  1, 1878,  amount  expended  during  fiacal  year  on  raft-work . .     5, 509  30 
July  1, 1878,  amount    expended  during   fiscal   year   on  Tone's 
Bayou 4,807  08 

10,  316  38 

July  1, 1878,  amount  available 26, 445  94 

Amount  (estimated)  required  for  completion  of  existing  project  for  raft> 

work 130,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    50, 000  00 

(See  Appendix  L  3.) 

4  Improvement  of  Cypress  BayoUj  Texas, — A  new  dredge  was  built 
last  season  to  take  tlie  place  of  the  old  one,  sunk  in  the  bayou. 

The  new  dredge  will  be  employed  this  coming  seanon  in  widening  the 
three  steamboat  channels  already  dredged  and  in  making  a  new  channel 
through  to  the  head  of  Fairy  Lake. 

July  1,  1877,  amount  available , |9,900  73 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

124, 900  73 

July  1, 1878,  amount  expended  during  fiscal  year 9,854  32 

July  1,  1878,  amount  available 15, 046  41 

Amount  (estimated)  required  for  completion  of  existing  project 20,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    20,  000  00 

(See  Appendix  L  4.) 

5.  Removing  snags  and  other  obstructions  from  Red  River^  LouxMana, — 
Xo  work  has  heretofore  been  done  upon  the  lower  part  of  Red  River. 
The  appropriation  of  $25,000  of  June  18, 1878,  is  the  first  that  has  been 
made. 

It  is  proposed  to  expend  that  amount  during  the  coming  season  in 
removing  snags,  wrecks,  and  other  obstructions. 

Amount  appropriated  by  act  approved  June  18,  1878 $25,000  00 

Jnly  1,  1878,  amount  available 25,  (KK)  00 

Amount  (estimated)  required  for  completion  of  existing  project 150, 000  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  endmg  June  30, 1880.  75, 000  00 

(See  Appendix  L  5.) 

6.  Improvement  of  the  mouth  of  Red  River,  Louisiana. — ^The  works 
desired  for  this  improvement  have  for  their  object  the  opening  of  a 
navigable  channel  from  Red  River  to  the  Mississippi,  and  from  the  Mis- 
sissippi to  the  Atchafalaya.  To  this  intent  it  is  proposed  to  put  a  dam 
acrofls  Old  River  between  the  head  of  the  Atcihafalaya  and  the  head  of 
Tumbull's  Island,  and  thus  throw  the  volume  of  Red  River  into  the 
Miz^ssippi  by  way  of  Upper  Old  River ;  at  the  same  time  connection  be- 
tween the  Atchafalaya  and  the  Mississippi  is  maiutained  through  Lower 
Old  River. 

Amount  appropriated  by  act  approved  June  18,  1878 *  ^IbOy  000  00 

July  1,1874  amount  available 150,000  00 

AiQoiuit  (estimated)  required  for  completion  of  existing  project 150, 000  00 

J^mmnt  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .  150, 000  00 

(See  Appendix  !»  6.) 

I  Improvement  of  the  harbor  and  of  Mississippi  River  at  Memphis,  Ten- 
^me^-^^Jhis  improvement  has  for  its  object  the  protection  of  the  haibor 
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at  Memphis.  To  that  intent  work  will  be  commenced  so  soon  as  the 
stage  of  water  will  permit,  and  carried  on  to  the  extent  of  the  funds 
available,  with  the  ultimate  expectation  of  protecting  the  entire  city 
fix)nt.  The  work  of  protection  will  consist  in  covering  the  caving  bank 
with  brush  mattresses  loaded  with  stone,  extending  from  above  low- 
water  out  to  the  maximum  depth. 

Amount  appropriated  by  act  approved  June  18,  1878 $46,  000  00 

July  1,  1878,  amount  available 46,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 124,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  124, 000  00 

(See  Appendix  L  7.) 

8.  Improvement  of  the  harbor  and  of  Mississippi  River  at  Yickshurg^ 
Mississippi. — It  is  intended  to  apply  the  appropriation  to  the  protection 
of  the  Delta  Point,  as  recommended  by  the  Board  of  Engineers,  whose 
report  will  be  found  in  Appendix  L  8. 

This  protection  will  consist  in  covering  the  bank  with  brush  mattresses 
loaded  with  stone,  extending  along  the  bottom  of  the  river  out  about  150 
feet ;  the  object  being  to  hold  the  Delta  Point  where  it  is  now  by  stop- 
ping the  caAing,  and  thus  keep  the  deep  water  of  the  harbor  from  reced- 
ing farther  from  the  city  landing. 

Amount  appropriated  by  act  approved  June  18, 1878 ; $84,000  00 

July  1,  1878,  amount  available 84,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 170, 100  00 

Amount  that  cau  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    90, 000  00 

(See  Appendix  L  8.) 

9.  Water-gauges  on  the  Mississippi  River  and  its  principal  tributaries. — 
There  being  no  appropriation  for  this  year,  operations  were  continued 
until  the  ftinds  were  exhausted  in  October,  when  the  observations  were 
stopped.  Many  of  the  observers,  however,  kept  up  their  readings  with- 
out compensation,  whereby  continuous  records  have  been  obtained. 

It  is  proposed  the  coming  year  to  repair  such  gauges  as  need  it^  and 
to  continue  the  observations  of  the  rise  and  fall  of  the  Mississippi  and 
its  tributaries. 

July  1,  1877,  amount  available $1,668  24 

Amount  appropriated  by  act  approved  June  18, 1878 5, 000  00 

$6,668  24 
July  1,  1877,  amount  expended  during  fiucal  year 1,668  24 

July  1, 1878,  amount  available 5,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    5, 000  00 
(See  Appendix  L  9. 

EXAMINATIONS  AND  SUBVEYS  FOB  IMPROVEMENT. 

To  comply  with  proAdsions  of  the  river  and  harbor  act  of  June  18, 1878, 
Captain  Benyaurd  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surv^eys  at  the  following  localities,  the  residts  of  which 
will  be  duly  submitted  when  received : 

1.  Big  Sunflower  River^  Mississippi. 

2.  Tallahatchie  River^  Mississippi. 

3.  Cold  Water  River j  Mississippi. 

4.  Bayou  Bartholomew^  Arkansas. 

5.  Upper  Red  River ^  from  the  raft  up  to  the  Missouri j  Kansas  and  Texas 
Railroad  bridge. 

6.  Little  River,  Arkansas. 

7.  ISaline  River,  Arkansas. 
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8.  Fouche  Z/a  Faive,  in  Arkansas, 

9.  Ton^s  Bayouj  Bayons  Pierre  and  Wincey  and  Lakes  Bayou  Pierre 
and  Cannasanier,  Louisiana. 

10.  For  improving  the  navigation  a;t  the  Falls  on  Bed  Biver  near  Alex- 
andria^  Louisiana. 

BEMOYING  SNAGS  AND  WRECKS  FROM  MISSISSIPPI,  MISSOURI,  AND  AR- 
KANSAS RIVERS — SURVEYS  AND  IMPROVEMENTS  AT  VARIOUS  POINTS 
ON  MISSOURI  RIVER — SURVEY  OF  MISSOURI  RIVER  FROM  ITS  MOUTH 
TO  SIOUX  CITY — IMPROVEMENT  OP  ARKANSAS  RIVER  AT  FORT  SMITH, 
AND  OF  WHITE  RIVER  AT  BUFFALO  SHOALS. 

Officer  in  charge,  Maj.  C.  R.  Suter,  Corps  of  Engineers. 

1.  Bemomng  snags  and  wrecks  from  the  Mississippi,  Missouri,  and  Arkan- 
ms  Rivers. — ^No  appropriation  having  been  made  for  rivers  and  harbors 
in  1877,  the  balance  remaining  from  the  appropriation  of  August  14, 
1876,  was  retained  for  the  care  of  the  boats  and  other  government  prop- 
er^ belonging  to  the  work ;  field  operations  being  limited  to  one  month's 
snagging  in  the  Missouri  Eiver. 

A  special  appropriation  made  for  the  work  (act  approved  February 
7, 1878)  enabled  field  operations  to  be  resumed,  and  two  boats  were  en- 
gaged on  the  three  rivers  until  the  close  of  the  fiscal  year. 

On  the  Mississippi  the  work  extended  from  the  mouth  of  the  Missouri 
to  Vicksburg,  846  miles ;  on  the  Missouri,  from  the  mouth  to  Lexington, 
317  miles ;  and  on  the  Arkansas,  from  the  mouth  to  Little  Eock,  280 
miles. 

During  the  coming  season  the  field  operations  contemplate  assigning 
eleven  months  to  the  Mississippi^  three  months  to  the  Arkansas,  and 
eight  months  to  the  Missouri.  It  is  also  intended  to  replace  the  hulls  of 
two  of  the  snag-boats  which  are  now  worn  out. 

The  officer  in  charge  recommends  that  one  of  the  remaining  wooden 
snag-boats  be  repaired  and  fitted  up  for  wrecking  purposes,  and  that  the 
other  receive  an  iron  hull.    Estimates  for  the  purpose  are  submitted. 

Amount  required  for  fiscal  year  ending  June  30, 1880. 

For  bnilding  one  small  iron-hulled  Bnag-boat  to  carry  the  machinery  of 
one  of  the  present  wooden  boats $105,000  00 

For  repairing  one  wooden  snag-boat  and  fitting  it  up  for  wrecking  pur- 
poses     50,  000  00 

For  completion  of  the  two  ironf  snag-boats  now  authorized 30, 000  00 

For  working  exx>enses  of  five  boats,  10  months  each,  at  (4,000  per  month.     200,  000  00 

Total 3«5,000  00 

July  1,  1877,  amount  available |9, 174  79 

Amount  appropriated  by  act  approved  February  7,  1878 40,  000  00 

Amount  appropriated  by  act  approved  June  18,  1878,  viz : 

For  Mississippi  and  Arkansas  Rivers 170,000  00 

ForMiaBOTin  Biver 70,000  00 

1289, 174  79 

July  1, 1878,  amount  expended  during  fiscal  year 39, 037  44 

July  1, 1878,  amount  available 250, 137  35 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880,  viz: 

For  Xissiaaippi  and  Arkansas  Rivers $260,000  00 

For  Missouri  River 125,  000  00 

385,000  00 

(See  Appendix  M 1.) 
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2.  Improvement  of  Missouri  River  at  Fort  Leavenworth^  Kansas.— A 
heavy  and  threatening  erosion  of  the  Missouri  shore  at  this  locality 
renders  some  kind  of  bank  protection  necessary,  in  constructing  wliich 
it  is  proposed  to  expend  the  appropriation  now  available.  No  survey 
of  the  locality  has  yet  been  made,  and  until  this  is  done  no  estimate  for 
the  completion  of  the  work  can  be  given. 

Amount  appropriated  by  act  approved  June  18,  1878 $25, 000  00 

July  1,  1878,  amount  available 25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      35, 000  00 

(See  Appendix  M  2.) 

3.  Improvement  of  Missouri  River  at  Atchison^  Kansas. — The  survey 
made  at  this  locality  last  season  developed  the  necessity  of  protecting 
the  Missouri  shore  for  some  distance  above  the  railroad-bridge  in  order 
to  prevent  further  encroachments  of  the  river  which  threatened  the  safety 
of  the  bridge,  and  also  to  prevent  changes  in  the  channel  which  would 
renderthe  bridge  impassable  for  vessels.  The  plan  proposed  contemplates 
a  revetment  of  brush  mattresses  along  the  exposed  bank.  The  appro- 
priation made  for  work  at  this  x>oint  is  smaller  than  the  estimate,  and  as 
extensive  changes  will  probably  take  place  during  the  present  high- 
water,  a  resurvey  has  been  ordered  to  decide  how  the  funds  appropria- 
ted can  be  expended  to  the  best  advantage,  and  also  to  enable  estimates 
to  be  made  for  the  prosecution  and  completion  of  the  work. 

Amount  appropriated  by  act  approved  June  18,  1878 |20, 000  00 

Julyl,  1878,  amount  available 20,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 100, 000  00 

Amount  that  can  lt)e  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  100, 000  00 

(See  Appendix  M  3.) 

4.  Improvement  of  Missouri  River  opposite  Saint  Joseph.  Missouri. — ^The 
object  of  this  improvement  is  to  stop  the  erosion  of  the  Kansas  shore  op- 
posite the  city  of  Saint  Joseph,  which,  if  allowed  to  go  on  unchecked, 
threatens  to  cut  off  a  narrow  neck  or  peninsula,  taking  the  river  away 
jfrom  the  city  and  seriously  endangering  the  railroad-bridge  across  the 
Missouri  River  at  that  point. 

The  balance  of  the  allotment  of  $10,000  from  the  appropriation  for  the 
improvement  of  Mississippi,  Missouri,  and  Arkansas  Rivers  was  ex- 
pended during  the  past  season  in  strengthening  and  protecting  the  dikes 
already  erected  by  the  bridge  company,  and  in  protecting  the  banks  near 
these  dikes  by  a  revetment  of  brush  mattresses.  The  work,  so  far  as  car- 
ried out,  was  very  satisfactory,  and  it  is  proposed,  during  the  coming 
season,  to  continue  the  revetment  as  far  as  the  fands  appropriated  will 
allow. 

July  1,  1877,  amount  available |9, 098  81 

Amount  appropriated  by  act  approved  June  18,  1878 50, 000  00 

$59,098  81 

Julyl,  1878,  amount  expended  during  fiscal  year 9,098  81 

Julyl,  1878,  amount  avaUable 50,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 18, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      18, 000  00 

(See  Appendix  M  4.) 

6.  Improvement  of  Missouri  River  at  Nebraska  City^  Nehraskaj  and  Ea^t- 
port^  Iowa. — ^The  object  of  this  improvement  is  to  change  the  position  of 
the  river  channel,  in  order  to  restore  the  water-firont  of  Nebraska  City, 
and  to  check  a  severe  bank  erosion  of  the  Iowa  shore  near  Eastport 

The  small  amount  available  last  year  would  only  allow  of  the  con- 
struction of  a  floating  dike  near  the  head  of  Gopeland's  Bend,  by  means 
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of  which  it  was  hoped  that  the  desired  change  in  the  position  of  the 
channel  might  be  at  least  initiated.  Owing  to  the  lateness  of  the  sea- 
son the  work  was  partially  destroyed  by  ice  before  its  effects  were  fully 
developed,  so  that  the  results  obtained,  although  encouraging,  were  only 
partially  successful. 

Before  commencing  operations  during  the  coming  season,  it  has  been 
deemed  advisable  to  resurvey  the  locjQity,  in  order  to  determine  the 
effects  of  the  summer's  flood  on  the  Missouri  River.  Until  the  results 
of  this  survey  are  available,  and  a  definite  plan  is  decided  upon,  esti- 
mates for  the  completion  of  the  work  cannot  be  submitted. 

July  1, 1877,  amount  available 911,700  57 

Amount  appropriated  by  act  approved  June  18,  1878, 
viz: 
For  improving  the  Miasouri  River  at  Nebraska  City,  Nebr ...      20, 000  00 
For  the  improvement  of  the  Missouri  River  at  Eastport,  Iowa, 

and  Nebraska  City,  Nebr 20,000  00 

$51,700  57 

July  1, 1878,  amount  expended  doling  fiscal  year 11,700  57 

July  1,1878,  amount  available 40,000  00 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      85, 000  00 
(See  Appendix  M  5.) 

6.  Improvement  of  Missouri  River  at  Omaka^  Nehraslca^  and  Council 
Bluffs,  Iowa. — ^The  survey  made  last  year  at  this  locality  showed  that, 
owing  to  a  recently  formed  cut-off,  the  banks  of  the  river  near  Council 
Blnfis  and  Omaha  were  being  eroded  with  very  great  rapidity,  and  that 
much  valuable  property,  including  the  railroad-bridge  over  the  Missouri 
at  Omaha,  was  threatened  with  destruction.  A  plan  and  estimate  were 
sabmitted  for  the  protection  of  the  exposed  bank  near  Omaha,  where 
the  threatened  and  actual  damage  was  the  greatest. 

The  summer's  flood  on  the  Missouri  has  made  great  changes,  so  that 
it  is  somewhat  doubtful  whether  the  plan  originally  proix)sed  will  be 
the  most  judicious  for  the  expenditure  of  the  present  appropriation.  To 
settle  this  point  a  resurvey  will  be  needed,  and  will  be  taken  in  hand  at 
once. 

Amount  appropriated  by  act  approved  June  18,  -1878,  viz : 
For  the  improvement  of  the  Missouri  River  at  CouncU  Blufis, 

Iowa,  and  Omaha,  Nebr $50,000  00 

For  improving  the  Missouri  at  Omaha  City,  Nebr 30, 000  00 

$80,000  00 

Jnlyl,  1878,  amount  available 80,000  00 

Amomit  ^estimated)  required  for  completion  of  existing  project 130, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     130, 000  00 

(See  Appendix  M  6.) 

7.  Improvement  of  Missouri  JRiver  at  Sioux  City,  Iowa. — ^A  survey  of  this 
locality  was  made  in  May,  1878,  and  a  plan  submitted  for  checking  the 
erosion  of  the  bank  in  ficont  of  the  city  by  a  revetment  of  brush  mat- 
tresses extending  along  the  most  important  portion  of  the  city  front. 

A  resurvey  of  the  locality  will  be  made  to  determine  whether  any 
change  of  plan  is  necessary. 

Amount  appropriated  by  act  approved  June  18,  1878 $12, 500  00 

July  1,  1878,  amount  available 12,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 33, 774  00 

Amimut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  33, 800  00 

(See  Appendix  M  7.) 
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8.  Survey  of  Missouri  River  from  its  mouth  to  Sioux  City,  and  esti- 
mates for  the  improvefnent  and  maintenance  of  its  navigation. — Major  Suter 
is  charged  with  the  execution  of  this  survey,  which  will  be  taken  in 
hand  as  soon  as  iwssible.  The  appropriation  of  $50,000  made  for  the 
work  will  all  be  exx)ended  during  the  coming  season,  and  the  survey  will 
be  carried  as  high  as  Leavenworth,  Kans.  For  the  completion  of  the 
survey  $50,000  mil  be  required. 

Amount  appropriated  by  act  approved  June  18,  1878 $50, 000  00 

July  1,  1878,  amount  available 50,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30^  1880 .  50, 000  00 

(See  Appendix  M  8.) 

9.  Improvement  of  Arkansas  River  at  Fort  Smith,  Arkansas. — During 
the  past  season  the  balance  of  the  allotment  of  $10,000  from  the  appro- 
priation for  improving  Mississippi,  Missouri,  and  Arkansas  rivers  was 
expended  in  constructing  a  dike,  designed  to  remove  a  bar  which  ob- 
structs the  landing  at  Fort  Smith,  Ark.,  and  is  also  in  the  way  of  boats 
which  have  to  pass  above  Fort  Smith.  The  results  obtained  were  very 
satisfactory,  and  the  dike,  although  incomplete,  has  withstood  a  heavy 
flood  without  material  injury. 

During  the  coming  season  it  is  proposed  to  lengthen  the  dike,  and  also 
increase  its  height  and  width,  for  which  purpose  the  present  appropri- 
ation will  suffice.  When  this  work  is  completed,  it  is  thought  that  the 
object  of  the  improvement  will  be  attained,  and  that  no  further  appro- 
priation will  be  necessarv. 

July  1,  1877,  amount  available $9,695  49 

Amount  appropriated  by  act  approved  June  18,  1878 io,  000  00 

$19,695  49 

July  1,  1878,  amount  expended  during  fiscal  year 9, 695  49 

July  1,  1878,  amount  available 10,000  00 

(See  Appendix  M  9.) 

10.  Improvement  of  White  River,  at  Buffalo  Shoals.  Arkansas. — ^The 
object  of  this  improvement  is  to  deepen  the  channel  wnere  it  flows  with, 
great  velocity  over  a  long,  rocky  shoal.  The  bed  is  of  solid  rock,  cov- 
ered with  loose  bowlders,  and  the  low- water  depth  is  about  6  inches. 

The  plan  approved  contemplates  the  constniction  of  7  spur-dikes,  so 
located  as  to  hold  back  and  deepen  the  water  on  the  shoalest  places,  and 
also  the  removal  of  rock  and  bowlders,  so  as  to  leave  a  clear  channel  of 
200  feet  in  width.  Work  has  been  much  delayed  during  the  past  season 
by  high  water,  and  is  still  in  progress,  only  three  of  the  proposed  dikes 
being  completed. 

The  balance  of  the  appropriation  of  $10,000,  made  by  act  approved 
August  14, 1876,  will  be  expended  in  removing  some  of  the  worst  ob- 
structions from  the  channel,  and  affcer  this  is  done  the  work  must  cease, 
as  no  appropriation  has  been  made  for  continuing  it. 

For  completing  the  work,  an  additional  appropriation  of  $10,000  will 
be  required. 

July  1,  1877,  amount  available ■ |9»B16  67 

July  1,  1878,  amount  expended  during  fiscal  year 8, 140  17 

July  1,  1878,  amount  available $1,(576  50 

tnount  (estimated)  reouired ; 
mount  that  can  be  profitably 

(See  Appendix  M  10.) 


Amount  (estimated)  reouired  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      10, 000  00 
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EXAMINATIONS  AND  SUEVEYS  FOE  IMPEOYEMENT. 

An  allotment  was  made  from  the  appropriation  of  August  14,  1876, 
for  Mississippi,  Missouri,  and  Arkansas  Kivers,  for  surveys  arid  examina- 
Honsfor  improvements  on  the  Missouri  River  at  (hnaha  mid  Council  Bluffs^ 
and  at  Flattmnouth^  Brownville^  Atchison^  and  Sioux  City. 

Major  Suter  was  charged  with  the  execution  of  these  surveys,  and  his 
reports  thereon,  with  the  exception  of  the  last  named,  were  trdnsmitted 
to  Congress  at  its  last  session,  and  printed  in  Senate  Ex.  Doc.  Xo.  30. 
They  will  all  be  found  in  Appendixes  M  11  and  M  12  of  this  rex)ort. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 1878, 
Major  Suter  has  been  charged  with  and  is  now  engaged  ux>on  examina- 
tions and  surveys  at  the  following  localities,  the  results  of  which  will  be 
duly  submitted  when  received: 

1.  The  Missouri  River  at  Cedar  City^  in  Callaway  County^  Missouri, 

2.  Missouri  River  at  the  City  of  Saint  Charles^  Missouri. 

3.  The  Arkansas  River  from  Fort  Smith,  Arkansas,  to  the  mouth  of 
Little  Arkansas, 

4.  Th^  Missouri  and  Kansas  Rivers  at  and  near  their  junction, 

5.  The  Kansas  River  from  its  mouth  to  Junction  City,  Kansas, 

IMPEOVEMBNT  OP  MISSISSIPPI  EIYEB  BETWEEN  THE  MOUTHS  OP  THE 
ILLINOIS  AND  OHIO  BIVEBS — ^EffPEOVEMENT  OF  OSAGE  KIVEE. 

Officer  in  charge.  Col.  J.  H.  Simpson,  Corps  of  Engineers,  having 
under  his  immediate  orders  Capt.  Ghas.  J.  Allen,  Corps  of  Engineers. 

1.  Improvement  of  Mississippi  River — Piasa  and  Alton  Dams, — ^The 
funds  available  for  these  works  wei^e — 

Balance  July  1,  1877 $10,561  72 

which  was  applied  to  the  construction  of  Piasa  Dam  and  the  revetment 
of  the  head  of  Piasa  Island,  and  repairs  and  extension  of  the  abutments 
of  Alton  Dam,  as  follows: 

Piasa  Dam  and  revetment  of  Piasa  Island $8,596  93 

Alton  Dam 1,559  07 


10, 156  00 

Owing  to  favorable  conditions,  these  dams  are  now  virtually  complete, 
lesiviug  the  $20,000  required  by  the  terms  of  the  act  approved  June  18, 
1878,  to  l3e  expended  between  the  Illinois  and  Missouri,  available  for  any 
new  work  which  may  be  thought  advisable  after  examination  of  the  river 
at  a  lower  stage  than  prevailed  at  the  time  this  report  was  made. 

Sawyer  and  Venice  Bends, — ^A  small  amount  of  work  was  done  at  Saw- 
yer Bend,  rendered  necessary  to  preserve  the  work ;  but  no  extension 
of  the  protection  has  been  possible  since  1875,  for  want  of  funds.  It  is 
intended  to  resume  work  the  present  season  to  a  limited  extent. 

No  work  was  done  near  Venice,  and  none  is  contemplated. 

Cloning  Cahokia  Chute, — At  the  beginning  of  the  fiscal  year  a  balance 
of  $8,041.39  remained  applicable  to  this  work.  The  revetments  were 
extended  and  repaired,  to  preserve  the  site  of  the  proposed  dam,  but  no 
work  has  yet  been  done  upon  the  dam  itself. 

The  act  approved  June  18, 1878,  having  pro\ided  the  full  amount  of 
the  estimate  for  the  dam,  $75,000,  it  is  hoped  that  during  the  year  it  wiQ 
be  well  advanced  toward  completion. 

Horsetail  Bar. — ^The  results  of  the  work  at  this  locality  of  previous 
years  were  on  the  whole  satisfactory  during  the  past  season.    For  a 


Digitized  by  VjOOQIC 


94  REPORT   OF   THE   CHIEF   OF   ENGINEERS. 

few  days  a  serious  difficulty  in  navigation  existed,  due,  in  a  great  meas- 
ure, to  changes  resulting  from  the  work,  then  in  progress,  of  restoring 
one  of  the  dikes  which  had  settled.  After  this  temporary  disturbance 
was  removed,  the  channel  opened  and  gradually  improved;  a  result  which 
it  is  hoped  to  maintain  hereafter. 

As  the  training-wall,  commenced  last  season,  progresses,  the  per- 
manence of  the  improvement  will  be  secured.  After  maintaining  the 
dikes,  the  work  of  llie  coming  season  will  be  the  extension  of  this  train- 
ing-wall. 

Fort  Chartres  and  TurJcey  IsUmd. — No  work  was  done  on  these  dams 
during  the  past  year,  and  none  is  contemplated  the  present  fiscal  year. 

The  protection  of  Fish  Bend  is  essential  to  the  permanent  realization 
of  the  benefits  expected  to  result  from  these  dams. 

Kaskdskia  Bend. — The  results  of  the  work  last  year  are  unsatisfactory. 
The  small  amount  set  apart  for  the  work  by  the  terms  of  the  appropria- 
tion did  not  allow  the  work  to  progress  far  enough  to  be  secure,  and  it 
is  feared  that  it  is  destroyed. 

The  appropriation  of  June  18, 1878,  sets  apart  $10,000,  which  it  has 
been  deemed  advisable  to  supplement  by  an  additional  allotment  of 
$10,000  from  the  funds  left  to  be  distributed  by  the  department.  With 
this  amount  the  work  can  be  secured. 

Further  appropriations  will  be  much  needed  to  continue  the  work. 

Liberty  Island. — ^This  work  was  untouched  during  the  past  fisc^/l  year, 
and,  as  a  consequence,  the  upi)er  part  of  the  partiaUy-completed  revet- 
ment has  received  material  injury.  The  casing  has  extended  up  stream, 
rendering  extension  and  restoration  necessary. 

An  allotment  of  $20,000  has  been  made  for  the  present  fiscal  year. 

DeviVs  Island. — ^The  dams  at  this  island  are  reported  to  be  practically 
complete,  and  it  is  not  intended  to  comjnence  additional  works. 

The  channel  during  the  year  remained  in  good  condition,  affording  no 
difficulty  to  skillful  and  capable  navigation. 

Dickey  Island  to  Cairo. — The  results  of  the  previous  year's  work  have 
be«n  maintained  and  secured  by  such  extension  of  the  protection  as  the 
means  allowed  to  be  made.  These  results  are  gratifying,  as  the  locality 
afforded  a  severe  test  of  the  proposed  plan. 

Work  will  be  continued  to  the  full  extent  the  means  recently  provided 
will  allow,  and  it  is  hoi>ed  further  appropriations  will  be  made,  that  the 
work  may  progress  until  complete. 

The  officer  in  charge  submits  an  estimate  of  $500,000  for  the  fiscal 
year  ending  June  30,  1880.  This  sum  would  complete  all  the  works  now 
in  progress  and  allow  some  new  ones  to  be  begun. 

The  appropriation  of  the  above  sum  is  recommended. 

July  1,  1877,  amount  available $106,404  14 

Amount  appropriated  by  act  approved  June  18,  1878 240, 000  00 

$346,  404  14 

July  1, 1878,  amount  expended  during  fiscal  year 90, 096  52 

July  1, 1878,  outetanding  liabilities 1,274  48 

91,  371  00 

July  1, 1878,  amount  available 255,033  14 

Amount  (estimated)  required  for  completion  of  existing  project 6, 489,  600  00 

Amount  tnat  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .     500,  000  00 

(See  Appendix  N  1.) 

2.  Improvement  of  Osage  River. — ^Work  upon  this  river  has  been  sus- 
pended during  three  years  just  past  5  but  the  act  approved  June  18, 1878, 
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having  provided  the  sum  of  $20^000  for  its  further  improvement,  work 
will  be  resumed  dniing  the  coming  season. 

There  being  no  definite  project  in  progress,  no  statement  of  estimated 
amount  to  complete  existing  project  can  be  given,  and  no  sum  recom- 
mended for  the  fiscal  year  ending  June  30, 1880. 

Amoiint  appropriated  by  act  approved  June  18,  1878 t20, 000  00 

Julyl,  1878,  amount  available 20,000  00 

(See  Appendix  N  2.) 

EXAMINATIONS  AND  SURVEYS  FOE  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Colonel  Simpson  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  received. 

•  1.  The  Mississippi  Eiver,  to  ascertain  the  practicability^  cost^  and  utility 
of  a  dike  from  Bloody  Island^  opposite  the  city  of  Saint  LouiSj  Mo,^  north 
to  ike  dike  or  dam  opposite  Brooklyn^  on  the  Illinois  shore, 

2.  A  survey  and  estimate  of  the  dama^esy  if  any,  done,  or  to  he  done,  to 
riparian  owners  of  lands  and  improvements  thereon,  at  or  in  front  of  the 
town  of  Yenicej  HI.,  near  Saint  Louis,  Mo.,  by  reason  of  government  improve- 
ments madej  or  to  be  made,  at  or  near  said  totcn  of  Venice. 
• 

MPROVEMENT   OP  MISSOUBI  RIVER  ABOVE  MOUTH   OF  THE  YELLOW- 
STONE. 

OflBcer  in  charge,  Ident.  Edward  Maguire,  Corps  of  Engineers. 

At  Dauphin's  Eapids  a  channel  100  feet  wide  and  1,800  feet  long  has 
been  cleai^  of  rocks. 

A  dam  130  feet  in  length  containing  200  cubic  yards  of  stone,  and 
three  short  dams  containing  about  60  cubic  yards  of  stone,  have  been 
built. 

At  Cow  Island  aU  of  the  rocks  were  removed  from  the  channel,  and 
a  dam  built  419  feet  long,  containing  710  cubic  yards  of  stone. 

The  results  of  last  season's  work  are  apparently  favorable. 

During  the  coming  season  the  work  at  Dauphin's  Eapids  will  be  con- 
tinaed  by  one  party.  Another  party  will  complete  the  projected  improve- 
ment at  Cow  Island,  and  thence  proceed  to  Grand  Island  and  Two  Calf 
Idand. 

July  1,1877,  amount  available |14,459  63 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

$44,459  63 

July  1, 1878,  amount  expended  during  fiscal  year 10, 838  50 

Jnlyl,  1878,  outstanding  liabilities   23  50 

10,  862  00 

Jnlyl,  1878,  amoimt  available 33,597  63 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 1880 .      55, 000  00 
(See  Appendix  O.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18. 
1^78,  lieatenant  Maguire  has  been  charged  with  and  is  now  engaged 
'ipcm  an  examination  and  survey  of  the  Yellowstone  River,  the  result  of 
vWch  will  be  duly  submitted  when  received. 
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WORKS    OF    IMPROVEMENT    AT  VARIOUS    POINTS  ON  THE  UPPER   MIS- 
SISSIPPI   RIVER    BELOW  SAINT    PAUL;    IMPROVEMENT  OF    GALENA, 

RIVERS,  AND  OF    RED 
AI 
ANTHONY  AND  IMPROVEMENT  OF  THE  MISSISSIPPI  ABOVE  THE  FALLS. 

Oificer  in  charge,  Maj.  F.  U.  Farquhar,  Corps  of  Engineers.  The 
works  enumerated  in  this  section,  from  1  to  6,  inclusive,  were  in  charge 
of  Col.  J.  K.  Macomb,  Corps  of  Engineers,  until  November  15,  1877. 

1,  Improvement  of  Upper  Mississippi  River, — ^During  the  year  the  United 
States  snag-boat  Montana  was  employed  as  in  former  years  in  remo\4ng 
snags  and  other  obstructions,  in  making  surveys  for  future  improvements, 
and  in  assisting  stranded  steamboats.  During  the  winter  a  map  of  the 
river  from  FaUs  of  Saint  Anthony  to  the  mouth  of  the  Illinois  Eiver 
was  prepared  for  publication  and  distribution  among  river  men. 

Observations  were  made  for  recording  the  lowest  water  during  the 
low- water  season  (lowest  known  except  1864),  and  the  elevation  of  "low 
water  of  1877"  was  obtained  and  referred  to  permanent  bench-marks  at 
61  stations. 

A  reconnaissance  of  the  Mississippi  Eiver  was  made  between  the 
mouth  of  the  Illinois  and  Des  Moines  Bapids,  and  some  of  the  worst  bars 
were  examined. 

It  is  proposed,  with  the  funds  available,  to  operate  the  Montatia  dur- 
ing the  season  of  navigation,  and  in  the  winter  build  a  new  hull  and 
transfer  her  machinery  to  it. 

The  officer  in  charge  asks  for  an  appropriation  of  $30,000  for  operating 
the  snag-boat  for  the  fiscal  year  ending  June  30, 1880. 

July  1,  1877,  amount  available    )16,  752  21 

Amount  appropriated  by  act  approved  June  18,  1878 41, 500  00 

$58,252  21 

July  1,  1878,  amount  expended  during  fiscal  year 14, 663  03 

July  1,  1878,  outstandiug  liabilities 850  21 

15,  513  24 

July  1,1878,  amount  available 42,738  97 

Amount  that  can  be  profitably  expended  operating  snag-boat  in  fiscal  year 
encUng  June  30,  1880 30,  000  00 

(See  Appendix  P  1.) 

2.  Improvement  of  Bock  Island  Rapids  in  Mississippi  River. — During 
the  months  from  July  to  Kovember,  1877, 1,052  cubic  yards  of  rock  were 
broken  by  the  chisel  at  the  foot  of  Moline  Chain.  Adding  to  this  amount 
the  number  of  cubic  yards  broken  in  the  fall  of  1870  and  in  June,  1877, 
it  leaves  1,207  cubic  yards  to  be  removed  the  present  season,  and  in  ad- 
dition there  remains  to  be  dredged  2,505  cubic  yards  of  rock. 

The  amount  of  $30,000  appropriated  for  the  fiscal  year  ending  June 
30,  1879,  will  not  be  sufficient  to  close  the  work,  and  an  appropriation  of 
$20,000  will  be  required  for  the  fiscal  year  ending  June  30, 1880,  to  com- 
plete it. 

July  1,  1777,  amount  available $14,762  87 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

|44,  762  87 

July  1,  1878,  amount  expended  during  fiscal  year 11,505  00 

July  1,  1878,  outatanding  liabilities 406  50 

11,911  50 

July  1,  1878,  amount  available 32,851  37 

Amount  (entimated)  required  for  completion  of  existing  project 20,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enaing  June  30, 1880.    20,  000  00 

(See  Appendix  P  2.) 
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3.  Protection  of  the  piers  at  Bock  Island  Bridge  hy  means  of  sheer-booms, — 
Two  sheer-booms  have  been  constructed.  One  750  feet  long,  furnished 
with  rudders  to  maneuver  it,  was  plaeed  above  the  right  pier  of  the  left 
raft-span,  and  one  400  feet  long  was  hung  to  a  crib,  to  keep  vessels  from 
striking  the  rocks  above  the  left  draw-span  of  the  United  States  Gov- 
ernment bridge. 

The  total  cost  of  the  booms  was  111,717.95. 

Jnlyl,  1877,  amoimt  available |15,000  00 

Jnly  1, 1878,  amount  expended  during  fiscal  year |11, 453  58 

Jnly  1,  1878,  outstanding  liabUities  264  37 

11,717  95 

.Inly  1,  1878,  amount  available 3,282  05 

(See  Appendix  P  3.) 

4.  Improvement  of  harbor  at  Fort  Madison.  Iowa. — Work  during  the 
year  consisted  in  the  partial  construction  of  a  dam  across  the  h^d  of 
Xiota  Chute  and  some  shore  protection  at  both  ends  of  the  dam. 

It  is  proposed  during  the  present  season  to  complete  the  dam,  for 
whieh  about  2,500  cubic  yards  of  rock  will  be  necessary. 

July  1,  1877,  amount  available |9,  636  57 

Amount  appropriated  by  act  approved  June  18,  1878 8, 000  00 

$17,636  57 

July  1, 1878,  amount  expended  during  fiscal  year 9, 341  83 

July  l'  1878,  outstanding  habiUties 257  75 

9,599  58 

Joly  1, 1878,  amount  available 8, 036  99 

Afflonnt  (estimated)  reauired  for  completion  of  existing  project 12, 186  87 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    12, 186  87 

(See  Appendix  P  4.) 

5.  Improvement  of  Rush  Chute  and  of  harbor  at  Burlington.  Iowa, — 
Work  during  the  year  consisted  in  the  partial  construction  oif  a  brush 
and  stone  dam  from  the  head  of  Bush  Island  to  Otter  Island,  and  some* 
4(lfl  feet  of  shore-protection  on  Eush  and  Otter  islands. 

It  is  proposed  during  the  present  season  to  finish  the  dam,  for  which 
2,8989  cubic  yards  of  rock  wiU  be  required,  and  to  do  such  work  as  may 
be  necessary  below  the  head  of  the  chute,  as  far  as  funds  available 
will  go. 

Jnlyl,  1877,  amount  available $9,927  79 

AnuHutt  appropriated  by  act  approved  June  18,  1878 10, 000  00 

119,927  79» 

Jaly  1,  1878,  amount  expended  during  fiscal  year 9, 793  78 

Julv  1,  1878,  outstanding  liabilities 100  00 

9, 893  78» 

Jnlyl,  1878,  amount  available 10,034  01 

Amount  (estimated)  required  for  completion  of  existing  project 15, 221  70> 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     15, 221  70' 

(See  Appendix  P  5.) 

6.  Eemoval  of  bar  in  the  Mississippi  River  opposite  Dubuque^  Iowa, — 
I^ng  the  year  39,261  cubic  yards  of  sand  were  dredged  from  the  bar 
ifl  tnmt  of  the  steamboat  landing.  With  the  funds  available  the  dredg- 
ing wilj  be  eontiniied  during  the  present  season.  Not  less  than  $13,125 
**ouJd  be  appropriated  for  the  fiscal  year  ending  June  30, 1880. 

7jb 
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July  1,  1877,  amoant  available |14,416  82 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$24,416  82 

July  1,  1878,  amount  expended  dnring  fiscal  year • 14,383  66 

July  1,  1878,  amount  available 10, 033  17 

Amount  (estimated)  required  for  completion  of  existini^  project 13, 125  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1860.     13, 125  00 

(See  Appendix  P  6.) 

7.  Improvement  of  Mississippi  River  from  the  bridge  of  the  Chicago^ 
Milwauicee  and  Saint  Paul  Railroad^  above  La  Crosse^  Wisconsin^  to  the 
mxmth  of  Root  River ^  below  said  city. — With  the  appropriation  of  June  18, 
1878,  it  is  proiK)8ed  to  close  the  chute  on  both  sides  of  Bates'  Island  and 
to  protect  the  head  of  Grand  Island.  The  amount  appropriated  will 
complete  this  work. 

Amount  appropriated  by  act  approved  June  18,  1878 $12, 500  00 

July  1,  1878,  amount  available 12,500  00 

(See  Appendix  P  7.) 

A  communication  from  the  mayor  of  La  Crosse  having  been  referred 
to  this  office  by  the  honorable  Secretary  of  War,  urging  on  behalf  of 
the  citizens  of  that  place  that  some  action  be  immediately  taken  to 
avert  what  seemed  to  them  an  impending  calamity  caused  by  the  change 
in  the  channel  of  the  Mississippi  in  their  vicinity,  the  Board  of  Engineer 
Officers  constituted  in  1875  to  report  upon  the  location  of  the  Chicago, 
Milwaukee  and  Saint  Paul  Railroad  bridge  was  reconvened  to  reiwit 
upon  the  condition  of  the  channel-way  and  the  causes  of  the  changes 
that  were  taking  place  in  the  bed  of  the  stream,  and  to  recommend  such 
works  and  measures  as  might  be  considered  proper  for  the  United  States 
to  undertake  to  restore  the  channel  to  its  former  position. 

The  report  of  the  board  will  be  found  in  Appendix  P  7. 

8.  Improvement  of  Oalena  River  and  of  harbor  at  Oalenaj  lUinois, — ^The 
appropriation  of  June  18,  1878,  will  be  expended  in  dredging,  and  it  is 
expected  will  be  sufficient  to  remove  about  60,000  cubic  vards. 

The  officer  in  charge  recommends  an  appropriation  of  |lOO,000  to  con- 
tinue this  dredging  during  the  fiscal  year  ending  June  30, 1880,  but,  from 
want  of  information  as  to  the  necessity  of  so  large  an  amount,  it  has 
been  reduced  in  this  office  to  $30,000. 

Amouut  appropriated  by  act  approved  June  18,  1878 130^000  00 

July  1,  1878,  amount  available 30,  000  00 

Amouut  (estimated)  required  for  completion  of  existing  project 370,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1^, 
as  revised  in  this  office 30,  000  00 

(See  Appendix  P  8.) 

9.  Widening  and  deepening  ths  channel  of  Mississippi  River  from  Des 
Moines  Rapids^  to  the  mouth  of  the  Illhwis. — It  is  proposed  to  make  a 
thorough  survey  of  the  river  between  Des  Moines  Rapids  and  the  mouth 
of  the  Illinois  River. 

The  officer  in  charge  recommends  an  appropriation  of  $100,000  for  the 
fiscal  year  ending  June  30,  1880,  for  the  continuation  of  whatever  plan 
may  be  adopted  for  the  improvement  of  the  low-water  navigation  of  the 
river  between  these  point*. 

Amount  appropriated  by  act  approved  June  18,  1878 |100,  004)  00 

July  1, 1878,  amount  available 100,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1680 .     100  000  (H) 
(See  Appendix  P  9.) 
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10.  Widening  and  deq^emng  tke  ehwn/nd  ofMtMimppi  Evi^/ram  Saint 
Paid  to  Des  Moines  Rapids. — ^Work  has  been  commenced  in  localities 
where  the  worst  obstnictions  to  navigation  exist. 

In  the  last  i»inaal  report  from  this  office  a  preliminary  estimate  was 
submitted  for  a  comprehensive  system  of  improvement,  amounting  to 
$617^93.  The  officer  in  charge  recommends  an  appropriation  of  $250,000 
for  its  prosecution  during  the  fiscal  year  ending  June  30, 1880. 

Amount  appropriated  by  act  approYed  Jnne  18, 1878 1250,000  00 

My  1, 1876,  amoant  available 250,000  00 

Amount  (estimated)  reanired  for  completion  of  existing  project 307, 393  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .  250, 000  00 

(See  Appendix  P  10.) 

11.  Improvement  ofFalh  of  Saint  Anthony. — ^The  small  exploring  drift 
below  the  concrete  dike  was  completed  and  the  leakage  taken  into  a 
drain. 

The  west  slope  of  the  apron  was  removed  and  a  new  apron  built  in 
the  plane  of  the  center  slope  and  the  excavation  at  the  foot  of  the  apron 
filled  with  rock. 

The  apron  was  also  extended  85  feet  along  the  west  side  of  Hennepin 
Island. 

The  only  work  that  remains  to  be  done  is  a  waU  to  protect  the  sand 
rock  at  the  west  side  of  the  apron  and  some  slight  changes  in  the  dam 
w^t  of  Hennepin  Island.  Sufficient  ftinds  are  on  hand  to  complete  the 
woik. 

July  1,  1877,  amount  available $58,498  40 

July  I,  14^8,  amount  expended  during  fiscal  year $46, 795  01 

July  1.  1878,  outstanding  liabilities 290  00 

47, 085  01 

July  1,  1878,  amount  available 11,413  39 

(See  Appendix  P  11.) 

12.  Improvement  of  Mississippi  River  above  the  Falls  of  Saint  Anthony, — 
Daring  the  season  of  1877  all  bowlders  were  removed  from  the  channel 
from  the  head  of  Smilar's  Bapids  to  Itaska,  a  distance  of  27  miles. 

In  the  same  distance  2,771  linear  feet  of  brush  and  stone  dams  and 
1,190  linear  feet  of  shore  protection  were  constnioted. 

Daring  the  present  season  the  removal  of  bowlders  will  be  continued 
as  far  as  Minneapolis  and  the  brush  dams  built  in  1874  will  be  repaired. 

The  officer  in  charge  suggests  that,  if  the  work  is  to  go  on,  at  least 
$50,000  be  appropriated  annually. 

Jnly  1.  1877,  amonnt  available 116,710  02 

July  1,  1878,  amoant  expended  during  fiscal  year $8, 387  92 

J«ly  1,  1878,  outstanding  liabilities 1,494  67 

9,  882  59 

JBly  1, 1878,  amount  available 6,827  43 

.imoant  (estimated)  required  for  completion  of  existing  project 124, 667  50 

AmoQBt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      50, 000  00 

See  Appendix  P  12.) 

13.  Construction  of  lock  and  dam  on  Mississippi  River  at  Meeker^s  Island, 
Minnesota. — ^The  parties  holding  the  land-grant  not  having  made  any 
aceeptable  rdease,  as  required  by  act  approved  March  3, 1875,  no  work 
has  been  done  here,  as  the  funds  were  not  available. 

Jttly  1, 1877,  amount  aTailable 125,000  00 

July  1,.1{<78,  amount  available   25,000  00 

Amount  (estimated)  required  for  oomplotion  of  existing  project 922, 121  46 

(See  Appendix  P  13.) 
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14.  Improvement  of  Minnesota  Biver. — Snags  and  overhanging  trees 
were  removed  from  29J  miles  of  the  river  below  Saint  Peter,  the  work 
being  done  by  contract.  There  is  no  commerce  on  the  river  above  Little 
Bapids  at  stages  of  low  water,  nor  will  there  be  until  the  creation  of 
slack-water  navigation.  At  least  $60,000  will  be  required  to  conmience 
the  lower  lock  at  Little  Bapids. 

July  1,  1877,  amouut  avftilable |9,963  36 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$19,963  36 

July  1,  1878,  amount  expended  during  fiBcal  year 9, 727  95 

July  1,  1878,  outstandiuff  liabilities "222  00 

9, 949  95 

July  1,  1878,  amount  available 10,013  41 

(See  Appendix  P 14.) 

15.  Improvement  of  Chippewa  River^  Wisconsin, — ^The  west  jetty  at 
the  mouth  of  the  river  has  been  completed,  and  405  feet  of  the  east  jetty 
built,  the  work  being  done  by  contract.  The  channel  has  been  greatly 
improved,  and  after  the  completion  of  the  east  jetty  there  will  be  a  depth 
of  4  feet  at  low  water.  During  the  present  season  the  east  jetty  will  be 
completed,  and  a  training-dam  built  above  the  head  of  the  jetties.  The 
five  high  sand-banks  below  Eau  Claire  should  be  protected,  and  the 
work  of  building  wing-dams  and  jetties  carried  on.  For  the  first  work 
$64,000  is  estimated  to  be  required,  and  for  the  latter,  $20,000. 

July  1,  1877,  amount  available |9, 971  82 

Amount  appropriated  by  act  approved  June  18, 1878 io,  000  00 

$19,971  82 

July  1,  1878,  amount  expended  during  fiscal  year 9, 881  18 

July  1,  1878,  outstanding  liabilities 50  00 

9,931  18 

July  1,  1878,  amount  available 10,040  64 

Amount  (estimated)  reonired  for  completion  of  existing  project 119, 892  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880, 
for  constructing  wing-dams  and  jetties 20,000  00 

(See  Appendix  P 16.) 

16.  Improvement  of  Red  River  of  the  North. — All  snags,  drift-piles,  and 
overhanging  trees  were  removed  fix)m  Moorhead  to  1  mile  north  of  Frog 
Point,  a  distance  of  120  miles  by  river. 

An  examination  of  the  river  was  made  from  Frog  Point  to  the  north- 
em  boundary-line. 

July  1,  1877,  amount  available |8,545  37 

Amount  appropriated  by  act  approved  June  18,  1878 30,  000  00 

$38,545  37 

July  1,  1878,  amount  expended  during  fiscal  year *. 6, 960  66 

July  1,  1878,  outstanding  liabilities 20  00 

6,98066 

July  1, 1878,  amount  available 31,564  71 

Amount  (estimated)  roquired  for  completion  of  proposed  project 190, 000  00 

Amount  tnat  can  be  profitably  expended  in  fiscal  year  ending  June,  30, 1880 .     112, 000  00 

(See  Apx>endix  P 16.) 

17.  Improvement  of  Saint  Oroix  River ^  Wisconsin. — With  amount 
appropriated  by  act  of  June  18, 1878,  it  is  proposed  to  build  the  brush 
and  stone  dams  and  to  remove  submerged  boom-piers  estimated  for  in 
report  of  examination  made  in  1874  (see  page  372,  part  1,  annual  report 
of  the  Chief  of  Engineers,  1875),  as  far  as  the  funds  will  permit. 

The  estimate  for  this  improvement  was  121,758. 
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imoont  appropriated  by  act  approyed  June  18,  1878 |10, 000  00 

Ja]y  1, 1878,  amount  available 10,000  00 

Amount  (estimated)  reauired  for  completion  of  exis tins  project 11, 758  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  11, 758  00 

(See  Appendix  P  17.), 

EXAMINATIONS  AND  SUBYEYS  FOR  IMPROVEMENT. 

To  comply  with,  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Major  Farquhar  has  been  charged  with  and  is  now  engaged  upon 
examinadons  and  surveys  at  the  following  localities,  the  results  of  winch 
^  be  duly  submitted  when  received. 

1.  MisgisHppi  River  at  and  above  the  city  of  Alexandria^  Missouri, 

2.  The  harbor  at  Quiney,  Illinois. 

The  same  act  also  provides  for  an  examination  of  the  sources  of  the 
Mimmppi  River  and  of  the  Saint  Croix  River  in  Wisconsin  and  Minnesota, 
snd  of  the  Chippewa  and  Wisconsin  rivers  in  the  State  of  Wisconsin,  to 
determine  the  practicability  and  cost  of  creating  and  maintaining  reservoirs 
^fon  ike  headwaters  of  said  rivers  and  their  tributaries  for  the  purpose  of 
re^ulatmg  the  volume  of  water  and  improving  the  navigation  of  said  rivers 
and  that  of  the  Mississippi  River,  and  a/n  estimate  of  the  damage  to  result 
therefrom  to  property  of  any  kind.  This  has  been  assigned  to  Gapt.  G.  J. 
Allen,  Corps  of  Engineers,  and  is  in  progress. 

IHPBOVEMENT   OF  THE  DBS  MOINES  RAPIDS  OF  MISSISSIPPI  RIVER. 

Officer  in  charge  up  to  November  16^  1877,  Col.  J.  N.  Macomb,  Corps 
of  Engineers,  liaving  under  his  immediate  orders  Gapt.  Amos  Stickney, 
Corps  of  Engineers,  since  which  the  work  has  been  in  charge  of  Capt. 
Amos  Stickney,  Corps  of  Engineers. 

During  the  first  part  of  the  season  the  work  was  principally  confined 
to  those  portions  which  would  permit  the  opening  of  the  canal  to  naviga- 
tion. The  canal  was  opened  to  the  public  August  22,  1877,  and  has 
since  been  in  constant  use  with  the  exception  of  about  thirty  days  in 
the  Ml  of  1877,  when  it  was  closed  to  make  repairs  to  the  lock  miter- 
sills,  and  from  December  10, 1877,  to  March  15, 1878,  on  account  of  the 
nnter  cessation  of  navigation  on  the  upper  river. 

The  work  has  consisted  of  finishing  lock-gatei)  and  placing  machinery; 
Wlding  face  of  riprap  wall  on  canal  embankment;  clearing  out  cross- 
banks  and  obstructions  at  entrances  of  canal,  and,  since  the  oi)eniug,  in 
operating  and  maintaining  the  work. 

Jnlyl^iSrr,  amount  available f  105, 650  30 

Amount  appropriated  by  act  approved  April  30,  1878 7,  500  00 

Aiaoant  appropriated  by  act  approved  June  18,  1878 95, 000  00 

$208, 150  30 

Jnly  1, 1878,  amount  expended  daring  fiscal  year 102,  861  15 

July  1, 1878,  outstanding  liabiU ties 5,328  65 

108, 189  80 

Jaly  1, 1S78,  amonnt  available 99,960  50 

-^UMnit  required  (estimated)  for  completion  of  existing  pro- 
ject- 
To  replace  operating  expenses  during  year  ending  June 

30,1878 40,065  00 

To  replace  operating  expenses  during  year  ending  June 

30,1879 40,000  00 

Additional -. 12,000  00 

92,065  00 

Amoant  required  for  operating  and  maintenance  of  canal  for  year  ending 
Jane  30, 1^0 40,000  00 

-^Aonot  that  can  be  profitably  expended  in  year  ending  June  30,  1880. ..     132,  065  00 

iSee  Appendix  Q.) 
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mPEOVEMENT  OF  THE  TENNESSEE  AND  CUMBBRLANB  RIVERS ;  OF 
COOSA  RIVER,  GEORGIA  AND  ALABAMA;  OF  HIAWASSEE  RIVER, 
TENNESSEE;  AND  OF  OCMULGEE,  OOSTENAULA,  COOSAWATTEE, 
ETOWAH,  AND  OCONEE  RIVERS,  GEORGIA. 

Officer  in  charge,  Capt.  William  E.  King,  Corps  of  Engineers,  with 
Gapt.  L.  Cooper  Overman  and  Lieut.  W.  L.  Marshall,  Corps  of  Engineers, 
ander  his  immediate  orders. 

1.  Irmrovemmt  of  Tennessee  River. — a.  Above  Chattanooga, — ^There  be- 
ing no  mnds  applicable  to  this  work,  nothing  was  done  daring  the  fiscal 
year  until  the  appropriation  of  June  18, 1878,  became  available,  when 
kteps  were  taken  to  reorganize  working-parties  and  provide  the  neces- 
sary equipment  of  boats,  tools,  and  other  supplies. 

It  is  hoped  that  before  the  close  of  the  present  low- water  season  con- 
siderable work  will  be  done  at  Chota  Shoals  and  other  points  below 
Knoxville.  The  improvement  of  this  part  of  the  river  is  very  much 
needed,  and  the  plan  adopted  is  a  continuation  of  that  heretofore  suc- 
cessfully applied  on  this  river  and  elsewhere,  and,  owing  to  the  excei>- 
tional  permanence  of  the  river-bed,  the  improvements,  when  once  com- 
pleted, will  require  only  occasional  mincH*  repairs  for  many  years  to 
come. 

There  has  been  appropriated  for  this  work  $180,000.  Of  this  amount 
$164,928.83  have  been  expended. 

Jnly  1,  1877,  amount  available... $IG7  28 

Amount  appropnated  by  act  approved  June  18,  1878 15. 000  00 

$15,167  28 

July  1,  1878,  amonnt  expended  daring  fiscal  year 96  11 

July  1,  1878,  outstanding  liabilities 71  17 

1^7  28 

July  1,  1878,  amount  available. 15,000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 45, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30, 1880 .     35, 000  00 

h.  Below  Chattanooga. — ^Work  on  this  part  of  the  river  has  been 
continued  during  the  year,  partly  under  contract  and  partly  by  hired 
labor. 

The  masonry  of  three  locks,  300  feet  long  by  60  feet  wide,  has  been 
completed,  and  the  contractor  for  building  five  more  locks  of  similar 
dimensions  has  made  a  beginning  on  four  of  the  number. 

Some  heavy  work  in  quarrying,  channel  excavation,  &c.,  has  been 
done  by  hired  labor  at  Elk  Eiver,  Little  Muscle  Shoals,  and  Colbert 
Shoals,  of  which  the  following  are  the  principal  items: 

14,829  cubic  yards  of  rock  quarried  for  dams. 
5,08*2  cubic  yards  of  rock  quarried  and  put  in  dams. 
8,410  cubic  yards  of  rock  excavated  from  channel. 

The  officer  in  charge  states  that  the  work  can  probably  be  completed 
ibr  a  much  smaller  sum  than  originally  estimated. 

July  1,  1877,  amount  available    $431,670  96 

Amount  appropriated  by  act  approved  June  18,  1878 300, 000  00 

|731, 670  96 

July  1,  1878,  amount  expended  during  fiscal  year 213, 643  46 

July  1,  1878,  outstanding  liabilities 20,059  58 

233,703  04 

July  1,  1878,  amount  available 497,967  92 

Amount  (estimated)  required  for  completion  of  existing  project 2, 797, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    700, 000  00 

(See  Appendix  S  1. ) 
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2.  Improvement  of  Cumberland  River, — a.  Below  Nashville. — No  work  was 
done  on  tMs  section  during  the  fiscal  year,  the  available  funds  being 
exhausted.  Working-parties  are  now  organized  for  continuing  work  by 
hired  labor  at  Harpeth  Shoals,  at  Dover  Island  Shoals,  and  other  points. 

Jnly  1,  1877,  amount  avaUable $336  63 

Amount  appropriated  by  act  approved  June  18,  1878 45, 000  00 

$45,336  63 

July  1,  1878,  amount  expended  during  fiscal  year ^.         .  328  00 

Jnly  1,  1878,  amount  available 45,008  63 

Amount  (estimated)  required  for  completion  of  existing  project 103, 821  00 

Amoiuil  that  can  he  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       70,  000  00 

Cumberland  River  above  NashviUs. — b.  From  Nashville  to  the  Kentucky 
line. — ^Work  on  this  section  was  carried  on  at  Sand  Shoals,  Cub  Creek 
Shoals,  Bartlett's  Bar,  and  Holliman's  Island  Shoals.  At  these  points 
3,5(>8  cubic  yards  of  rock  and  gravel  were  excavated  from  the  channel ; 
91  logs  and  overhanging  trees  removed ;  1,817  cubic  yards  of  stone  dams 
built ;  and  307  cubic  yards  of  stone  quarried  for  dams. 

July  1,  1877,  amount  available $7, 182  27 

Amount  appropriated  by  act  approved  June  18,  1878 20, 000  00 

$27, 182  27 

Jnly  1,  1878,  amount  expended  during  fiscal  year 7, 174  46 

July  1,  1878,  amount  available :*. 20,007  81 

Amount  (estimated)  required  for  completion  of  existing  project 87, 155  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      60, 000  00 

e.  From  the  Kentucky  line  to  Smithes  Shoals. — ^Work  on  this  section  was 
done  at  Wild  Gk)08e  Shoals  by  excavating  3,258  cubic  yards  of  rock  and 
gravel  from  the  channel ;  350  snags  and  overhanging  trees  were  also 
removed ;  220  cubic  yards  of  rock  quarried,  and  780  cubic  yards  of  dam 
oonstmcted. 

July  1,  1877,  amount  available $8,752  20 

Amonnt  appropriated  by  act  approved  June  18,  1878 8, 000  00 

— 116,752  20 

Jnly  1,  1878,  amount  expended  during  fiscal  year 8, 741  30 

July  1,  1878,  amount  available 8,010  90 

Amount  (estimated)  required  for  completion  of  existing  project 73,  609  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      50, 000  00 

d.  At  Smithes  Shoals. — ^The  work  carried  on  consisted  of  excavating  1,050 
cubic  yards  of  rock  from  channel ;  quarrying  1,620  cubic  yards  of  stone ; 
placing  9,600  cubic  yards  of  stone  in  dams  j  and  building  950  cubic  yards 
of  dam  at  Mill  Shoal. 

July  1,  1877,  amount  available #17,572  89 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

$47,572  89 

July  I,  1878,  amount  expended  during  fiscal  year 17, 625  52 

July  1,  1878,  amount  available 29,947  37 

Amount  (estimated)  required  for  completion  of  existing  project 15, 000  00 

Amount  that  can  l>e  profitably  expended  in  fiscal  year  ending  June  30, 1880.     15, 000  00 

e.  From  Smithes  Shoals  to  the  Falls  of  the  Cumberland. — ^On  this  section 
about  1,650  cubic  yards  of  rock,  consisting  of  dangerous  bowlders,  &c.,. 
were  removed  from  the  channel. 
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July  1,  1877,  amount  available $2,000  00 

Amount  appropriated  by  act  approved  June  18,  1878 2, 000  00 

$4,000  00 

July  1,  1878,  amount  expended  during  fiscal  year 1, 978  68 

July  1,  1878,  amount  available 2,021  32 

(See  Appendix  S  2.) 

3.  Improvement  of  Hiawassee  jRirer.— Good  progress  was  made  until 
the  appropriation  became  nearly  exhausted  in  October. 

The  work  was  carried  on  principally  at  Mathew's  Shoals,  Magil's 
Island  Shoals,  and  Blackbird  Shoals.  About  403  cubic  yards  of  rock 
and  gravel  were  excavated  from  the  channel,  879  cubic  yards  of  rock 
quarried,  and  2,784  cubic  yards  of  rock  were  placed  in  dams.  Also  a 
large  number  of  logs,  bowlders,  &c.,  were  removed.  Work  was  resumed 
in  June. 

July  1,  1877,  amount  available $9, 71«  80 

Amount  appropriated  by  act  approved  June  18,  1878 10,000  00 

$19,718  80 

July  1,  1878,  amount  expended  during  fiscal  year 9, 678  75 

July  1,  1878,  amount  available 10,040  05 

Amount  (estimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    10, 000  00 

(See  Appendix  S  3.) 

4.  Improvement  of  Coosa  River ^  Qeorgia  and  Alabama. — In  consequence 
of  continued  high-water,  operations  were  carried  on  only  during  six 
months  of  the  fiscal  year  at  Horseleg  Shoals,  Turkey  Town  Island 
Shoals,  Copperas  Bluffs,  Cross  Shoals,  Greensport  Eeefe,  and  Mill 
Shoals.  The  work  done  at  these  points  consisted  of  excavating  1,679 
cubic  yards  of  rock  and  gravel  and  removing  29  dangerous  snags  from 
the  channel,  and  in  buildmg  894  linear  feet  of  riprap  dams,  1,525  linear 
feet  of  crib-dams,  and  300  linear  feet  of  brush  and  gravel  dams.  A 
large  quantity  of  rock  was  also  quarried  for  building  dams. 

A  careful  survey  was  made  of  Whistenant's  Shoals  and  Ten  Island 
Shoals,  in  order  to  locate  the  dams  and  locks  necessary  for  their  improve- 
ment. Plans  and  specifications  of  the  locks  are  ready,  and  the  lock- work 
will  be  placed  under  contract  at  once. 

July  1,  1877,  amount  available $29,760  59 

Amount  appropriated  by  act  approved  June  18.  1878 75, 000  00 

104,760  59 

July  1,  1878,  amount  expended  during  fiscal  year 15, 911  26 

July  1,  1878,  outstanding  liabilities 1, 805  74 

17,717  00 

July  1,  1878,  amount  available 87,043  59 

Amount  (estimated)  reouired  for  completion  of  existing  project 447,  347  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     150, 000  00 

(See  Appendix  S  4.) 

5.  Improvementof  Oostenaula  and  Coosawattee Rivers j  Georgia. — ^No  work 
was  done  during  the  fiscal  year  for  want  of  funds. 

Preparations  are  being  made  to  repair  and  extend  the  wing-dams, 
where  most  needed,  during  the  present  low  water  season. 

Amount  appro])riated  by  act  approved  June  18,  1878 $4, 000  00 

July  1,  187a,  amount  available 4,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 9, 208  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  9, 208  50 

(See  Appendix  S  5.) 
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6.  Improvement  of  Etmcah  River^  Oeorgia, — An  examination  of  this 
river  was  made  in  Jnly,  1877.  The  appropriation  available  being  so 
small  and  the  work  to  be  done  so  extensive,  no  economical  expenditure 
of  the  amount  could  be  devised.  A  special  allotment  having  been  made 
for  an  instrumental  survey  of  this  river,  a  specific  project  with  estimates 
will  be  submitted  as  soon  as  practicable. 

July  1,  1877,  amount  available |10,000  00 

July  1,  1878,  amount  expended  during  fiscal  year 58  73 

July  1,  1878,  amount  available 9,940  27 

Amount  (estimated)  required  for  completion  of  existing  project.   (Project 
incomplete.) 

(See  Appendix  8  6.) 

7.  Improvement  of  Oemvlgee  Biver^  Georgia. — During  the  fiscal  year 
about  420  snags  have  been  removed  from  the  channel,  and  360  over- 
hanging trees  have  been  cut  down  and  removed  out  of  reach  of  high 
water.  The  channel  has  been  straightened  and  deepened  at  various 
places  above  and  below  Hawkinsville. 

July  1,  1977,  amount  available |14,963  33 

Amount  appropriated  by  act  approved  June  18,  ISTTS 15,  000  00 

$29,953  33 

July  1,  1878,  amount  expended  during  fiscal  year 12,  966  02 

July  1,  1878,  outstanding  liabiUtiee 484  56 

*  13,450  57 

July  1,  1878,  amount  available 16,502  76 

Amount  (estimated)  required  for  completion  of  existing  project 26,  240  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      26, 240  00 

(See  Appendis:  8  7.) 

8-  Improvement  of  Oconee  River ^  Georgia. — The  appropriation  of  June 
18,  1878,  being  the  first  one  apphcable  to  this  river,  no  work  has  yet 
been  done,  but  preparations  are  now  being  made  for  commencing  the 
work  of  clearing  the  channel  of  logs;  of  cutting  down  overhanging 
trees;  and  making  "cut-offs"  between  bends  of  the  river  where  most 
advantageous. 

Amount  appropriated  by  act  approved  June  18, 1878 |10, 000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  Testimal 
Amount  that  can 

(See  Appendix  8  8.) 

BXAMINATIONS  AND   SUBVBYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Captain  King  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  results  of  which 
will  be  duly  submitted  when  received 

1.  Cane^s  Fork  and  Ohe^s  Rivers^  Tennessee. 

2.  JBtawah  River ^  Georgia. 

3.  The  Falls  of  the  Cumberland^  Kentucky. 

4.  Chattahoochee  River^  Georgia^  above  Columbns. 

IMPBOVBMENT  OP  THE  NAViaATION  AT  THE  FALLS  OF  OHIO  RIVER — 
SUPBBINTBTiDENCE  AND  MANAGEMENT  OF  THE  LOUISVILLE  AND 
POBTLAOT)  CANAL. 

Officer  in  charge,  Maj.  G.  Weitzel,  Corps  of  Engineers,  with  Capt.  A. 
liiisbet  Lee,  Corps  of  Engineers,  unaer  his  immediate  orders. 

Digitized  by  VjOOQIC 


Amount  (entimated)  recjuired  for  completion  of  existing  project 5,  000  00 

I  be  profitably  expended  in  iiscal  year  ending  June  30, 1880.        5,000  00 


106  BfiPOBT  OF   THE   CHIEF   OF  ENGINEERS. 

During  the  temi)orary  absence  of  Major  Weitzel,  from  May  16, 1878, 
these  works  were  under  the  charge  of  Capt.  Alexander  Mackenzie,  Corps 
of  Engineers. 

1.  Inwprovement  of  the  FaUs  of  Ohio  River, — ^During  the  year,  5,669  cubic 
yards  of  stone,  817  cubic  yards  of  earth,  and  an  iron  barge  were  removed 
from  the  head  of  the  canal,  completing  the  excavation  at  that  point. 

The  cross-dam  at  the  crest  of  the  falls  was  extended  128  feet,  and  both 
wing  and  cross  dams  were  thoroughly  repaired. 
No  further  appropriation  is  required  for  this  work. 

July  1,  1877,  amount  available $82,650  68 

July  1,  1878,  amount  expended  during  fiscal  year 35,290  01 

July  1,  1878,  amount  available 47, 360  67 

(See  Appendix  T 1.) 

2.  Superintendence^  numagemenL  and  repair  of  the  Louisville  and  Port- 
land Canal — During  the  year,  4,772  boats  have  been  passed  through  the 
canal ;  new  guard-gates  completed,  and  new  winding-machinery,  friction- 
drums  and  chains  have  been  put  in ;  a  new  cistern  has  been  built,  and 
the  fire  department  improved :  an  office  for  the  superintendent  has  been 
completed;  grading  and  sodding  the  lock-banks  has  been  continued; 
the  middle  miter-sills  were  extensively  repaired,  and  the  work  of  im- 
proviQg  the  old  locks  by  converting  three  chambers  into  two  was  com- 
menced. 

Tolls  were  reduced  about  one-fifth  February  4, 1878,  but,  notwithstand- 
ing, the  surplus  of  receipts  over  expenditures  has  continued  to  increase. 
(See  Appendix  T  2.) 

IMPROVEMENT  OF  OHIO  BIVEB ;  OF  MONONOAHELA  RIVER,  WEST  VIR- 
GINIA AND  PENNSYLVANIA;  OP  LITTLE  KANAWHA  AND  GUYANDOTTE 
RIVERS,  WEST  VIRGINIA;  OP  BIG  SANDY  RIVER,  KENTUCKY,  AND  CON- 
STRUCTION OF  HARBOR  AT  OR  NEAR  CINCINNATI,  TO  PROTECT  THE 
COMMERCE  OP  THE  OHIO  RIVER  FROM  FLOES  OF  ICE. 

Officer  in  charge,  M^.  William  E.  Merrill,  Corps  of  Engineers,  who 
has  under  his  immediate  orders  Lieut.  F.  A,  Mahan,  Corps  of  Engineers. 

In  temporary  charge  of  Lieutenant  Mahan  since  March  25, 1878. 

1.  Improvement  of  the  Ohio  Biver. — ^The  repairs  on  the  old  dike  at 
White's  Eipple,  begun  last  season,  were  continued  during  the  year,  and 
the  dike  was  extended  1,808  feet,  at  a  height  of  6J  feet  above  low  water. 
The  work  of  the  past  two  seasons  has  stood  well.  It  is  proi)08ed,  dur- 
ing the  low  water  season  of  this  year,  to  extend  the  dike  a  farther  dis- 
tance of  1,500  feet,  and  to  raise  the  transverse  dam  connecting  it  wi^ 
the  left  bank  of  the  river  to  the  height  of  the  dike. 

The  snag-boat  E.  A.  Woodruff  removed  from  the  channel  of  the  river, 
during  the  season  of  1877, 1,037  snags  and  51  wrecks,  the  largest  snag 
weighing  86  tons,  the  average  weight  being  8J  tons. 
.    Tie  (fiedges  Ohio  and  Oswego  have  done  the  following  dredging 
during  the  fiscal  year : 

Cubic  Tarda 

Head  of  Raccoon  iBland 4,568.7 

Foot  of  GaUipolia  Island 34,851.5 

Foot  of  Raccoon  Island 2,145 

CuUum^s  Ripple. 23,825.9 

Cumberland  Dam 16,488.2 

Total 81,879.3 
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And  have  also  removed  8  wrecks  and  12  sna^s. 

The  land  required  for  the  site  of  the  movable  dam  at  Da\is  Island 
has  been  obtained  at  a  cost  of  $14,953,  and  it  is  proposed  during  the 
present  season  to  commence  the  construction  of  the  dam  and  also  the 
inprovement  at  tlie  Grand  Chain,  for  which  special  provision  was  made 
in  the  river  and  harbor  act  of  June  18,  1878. 

The  dike  at  "  The  Trap"  will  be  completed,  that  opposite  the  foot  of 
Blennerhassett's  Island  repaired,  and  that  at  Evansville  extended  a 
farther  distance  of  500  feet. 

The  recommendation  of  the  officer  in  charge  that  the  wooden  hull  of 
the  dredge  Ohio  be  replaced  by  an  iron  hull  is  concurre<l  in.  He  sub- 
mits the  following  estimate  for  the  fiscal  year  ending  June  30,  1880: 

Tocomplete  movable  dam  at  Davis  Island 1254,  593  00 

Dikes  at  Four  Mile,  Portland,  Puppy  Creek,  and  Cast»yville 115,  500  00 

Rfonoval  of  steamboat  wrecks 20,000  00 

New  huU  for  dredge  Ohio 26,000  00 

fimmlng  expenses  of  snag-boat  and  dredges  8  months,  at  $6,000 48, 000  00 

Office  expenses  and  contingencies 35,907  00 

Total... 500,000  00 

Joly  1,  1877.  amount  avaUable,  including  |6,924  due  on  out- 
standing liabilities $181,443  36 

Amount  appropriated  by  act  approved  June  18,  1878 300,  000  00 

$481, 443  36 

July  1,  1878,  amount  expended  during  fiscal  year 91,  :i36  31 

Julv  1,  1878,  outstanding  liabilities 391  72 

91, 728  03 

Jnlyl,  1878,  amount  available 389,715  33 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     500, 000  00 

(See  Appendixes  U  1  and  U  4.) 

In  connection  with  the  question  of  the  construction  of  the  first  mova- 
ble dam  across  the  Ohio  below  Pittsburgh,  a  report  of  a  Board  of  Engi- 
neer Officejrs  to  examine  and  report  upon  the  plan  of  a  lock  and  gate 
proposed  to  be  substituted  by  Major  Merrill  for  the  lock  and  gate  here- 
tofore approved  will  be  found  in  Appendix  U  1. 

2.  Improvement  of  Monongahela  Eiver,  West  Virginia. — Nothing  was 
done  ni>on  this  improvement  during  the  fiscal  year  for  want  of  funds. 

The  river  and  harbor  act  of  June  18, 1878,  contained  an  appropriation 
of  $25,000,  which  will  be  appUed  to  the  completion  of  the  lock  at  Iloard's 
Kecks. 

The  officer  in  charge  submits  an  estimate  of  $115,000  to  build  a  lock 
at  Laurel  Bun. 

July  1,  1877,  amount  available $519  54 

Amount  appropriated  by  act  approved  June  18,  1878 25,  000  00 

$25,  519  54 

Jnlv  1, 1878,  amount  expended  during  fiscal  year 240  00 

July  1,  1878,  outstanding  liabilities 2,903  15 

3, 143  15 

July  1,  1878,  amount  available 22,376  39 

(See  Appendix  U  2.) 

3.  Improvement  of  Little  Kanawha  River ^  West  Virginia, — ^The  work  of 
removing  obstructions  from  the  bed  of  this  river  was  vigorously  prose- 
cnted  and  its  condition  was  greatly  improved.  The  Beaver  and  Nailor 
Bend  Bocks  were  removed  by  contract,  and  the  following  work  was  done 
by  Mred  labor  : 
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2, 282  cubic  yards  of  brush  and  stone  dikes  were  built. 
4, 114  cubic  yarcls  of  stone  were  removed. 
1, 676  cubic  yards  of  earth  were  removed. 
3, 128  leaning  trees  were  cut  down. 
3, 871  saplings  were  cut  down. 
2,  927  snags  were  taken  from  the  channel. 
46  cor^  of  drift  were  removed. 
735  trees  were  trimmed. 
12  acres  of  island  bar  were  grubbed. 

A  portion  of  the  appropriation  of  $18,000,  made  by  the  river  and  harbor 
act  of  June  18,  1878,  will  be  applied  to  the  removal  of  obstructions  from 
the  channel,  and  t-o  the  completion  of  observations  necessary  to  the 
selection  and  proper  location  of  site  for  a  lock  and  dam,  to  be  hereafter 
submitted.  An  estimate  of  $68,270  for  completing  the  lock  and  dam 
is  submitted  by  the  officer^in  charge. 

July  1, 1877,  amount  available,  including  $550  due  on  outstanding 

UabiUties $7,300  00 

Amount  appropriated  by  act  approved  June  18,  1878 18, 000  00 

$25, 300  00 

July  1, 1878,  amount  expended  during  fiscal  year 6, 369  31 

Jidy  1,  1878,  amount  avaUable 18,930  69 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    68, 270  00 

(See  Appendixes  U  3  and  U  4.) 

4.  Improvement  of  Guyandotte  River y  West  Virginia. — An  appropriation 
of  $2^000  was  made  by  the  act  of  June  18,  1878,  for  the  improvement  of 
this  river,  and  will  be  applied  to  the  removal  of  snags,  rocks,  and  other 
obstructions  from  its  channel  by  means  of  hired  labor  and  machinery. 

Amount  appropriated  by  act  approved  June  18,  1878 $2,  000  00 

July  1,  1878,  amount  available 2,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .     2,  000  00 

5.  Improvement  of  Big  Sandy  River  from  Catlettsburg^  Kentudky^  to  the 
head  of  navigation. — An  appropriation  of  $12,000  was  made  by  the  act 
of  June  18, 1878,  for  this  improvement,  which  will  be  applied  to  the 
removal  of  obstructions  to  its  navigation  by  means  of  hired  labor  and 
machinery. 

Amount  appropriated  by  act  approved  June  18,  1878 $12, 000  00 

July  1,  1878,  amount  available 12,000  00 

Amount  that  can  be  profitably  exx)euded  in  fiscal  year  ending  June  30, 1880.     40, 000  00 

6.  Construction  of  harbor  or  harbors  of  refuge  from  ice-floes  at  or  near 
Cincinnati,  Ohio. — The  river  and  harbor  act  of  June  18,  1878,  contained 
an  appropriation  of  $50,000  for  the  construction  of  this  harbor.  The 
importance  of  this  work,  and  the  large  sum  which  must  necessarily  be 
expended  in  its  construction,  rendered  it  ad\isable  that  it  be  referred  for 
consideration  to  a  Board  of  Engineer  Officers.  When  the  report  of  the 
board  is  received  it  will  be  submitted  to  the  Secretary  of  War,  with 
request  that  it  be  transmitted  to  Congress. 

Amount  appropriated  by  act  approved  June  18,  1878 $50,  000  00 

July  1,  1878,  amount  available 50,  000  00 

(See  Appendix  U  5.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Major  Merrill  has  been  charged  with  and  is  now  engaged  upon 
examinations  and  surveys  at  the  following  localities,  the  residts  of  which 
will  be  duly  submitted  when  received : 

1.  The  Muskingum  River,  Ohio,  below  the  second  dam,  to  ascertain  its 
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adaptability  far  an  ice-harbor  j  for  the  protection  of  steamers  and  other  craft 
on  the  Ohio  River. 

2.  The  Allegheny  River j  up  to  the  mouth  of  French  Creek. 

3.  The  Kiskiminetas  and  Conemaugh  Rivers^  Pennsylvania^  from  the 
mouth  of  the  Kiskiminetas  to  the  mouth  of  Stony  Creek  on  the  Conemaugh, 

4.  The  Kentucky  River  and  navigable  tributaries^  Kentucky, 

5.  The  Licking  River y  Kentucky, 

IMPROVEMENT  OF  WABASH  RIVER,  INDIANA. 

Officer  in  charge,  Msy.  Jared  A.  Smith,  Corps  of  Engineers. 

The  breach  in  the  dam  across  New  Harmony  Cut-off,  to  which  refer- 
ence was  made  in  last  annual  rex>ort,  has  been  closed  and  a  strong  bank 
protection  placed  on  the  island.  Upon  the  completion  of  this  a  second 
breach  occurred  in  the  old  part  of  the  dam,  built  by  contract  in  1876, 
which  has  been  secured.  It  is  proposed  to  place  a  substantial  line  of 
cribs  below  the  entire  work  to  thoroughly  secure  it. 

At  Grand  Chain  repairs  have  been  made  to  the  end  dike. 

At  Little  Chain  work  has  been  delayed  to  obtain  surveys  of  the  main 
channel  and  of  the  cut-off  in  order  to  decide  ux>on  the  best  plan  for  the 
work.  Surveys  have  been  made  of  the  government  lands  at  Grand 
Bapids  and  at  the  site  of  the  dam,  and  also  at  New  Harmony  Cut-off, 
and  at  Grand  and  Little  Chains,  and  of  about  10  miles  of  river  below 
this  last  point. 

The  two  United  States  dredge-boats  belonging  to  the  Ohio  Eiver  im- 
provement were  employed  during  parts  of  the  months  of  April,  May, 
and  June  in  removing  snags  and  wrecks  fix)m  the  river. 

During  the  next  iiscal  year  the  improvements  now  in  progress  at  New 
Harmony  and  Grand  Chain  wiQ  be  completed,  and,  it  is  hoped,  the 
work  now  contemplated  at  Little  Chain. 

It  is  proposed,  also,  to  protect  the  banks  at  Grayville,  HI,;  to  close 
the  chutes  at  Turkey  Island  and  other  places ;  to  remove  snags,  and  to 
confine  the  channel,  where  necessary  for  the  removal  of  bars,  by  means 
of  wing-dams  or  jetties. 

The  funds  now  available  will  accomplish  much  of  this:  J[)ut  as  the 
work  is  extensive,  a  further  appropriation  will  be  requirea  for  its  com- 
pletion. 

July  1,  1877,  amonnt  available $85,679  61 

Amoant  appropriated  by  act  approved  Jane  18,  1878 50, 000  00 

$135, 679  61 

July  1,  1878,  amount  expended  during  fiscal  year 37, 701  90 

July  1,  1878,  outstanding  liabilities 6,372  78 

44,074  68 

July  1,  1878,  amount  available 91,604  93 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      50, 000  00 
(See  Appendix  V.) 

EXAMINATIONS  AND  SUBVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Major  Smith  has  been  charged  with  and  is  now  engaged  upon  ex- 
aminations and  surveys  at  the  foUowing  localities,  the  resists  of  which 
will  be  duly  submitted  when  received : 

1.  17^  Kankakee  River ^  Illinois  and  Indiana, 

2.  White  River y  Indianayincluding  the  JEast  Fork  to  the  new  bridge  in 
course  of  construction  near  Bedford^  and  the  West  Fork  to  tJie  town  of  Oos- 
port. 
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TRANSPORTATION  ROUTES   TO  THE    SEABOARD. 

Part  of  third  suhdivmon  of  the  Misitissippi  traMportation  route  to  the 
seaboard, — ^In  the  appendix  to  the  aniiiud  report  of  this  office  for  the 
year  1875,  and  in  Bx.  Doc  No.  19,  part  7,  Senate,  Forty-third  Congress, 
second  session,  will  be  found  a  report  from  M^j.  C.  R.  Suter,  Corps  of 
Engineers,  presenting  the  results  of  his  reconnaissance  of  the  Missis- 
sippi River  from  Cairo  to  the  mouth  of  Red  River,  made  under  the  appro- 
priation for  surveys  for  transxMirtation  routes  to  the  seaboard,  in  which 
he  shows  the  number,  location,  extent,  and  character  of  the  bars  needing 
improvement  in  the  low  stage  of  the  river,  and  submits  a  general  project 
for  their  amelioration. 

In  continuation  of  his  investigations  Major  Suter  has  submitted  an 
additional  report,  in  which  he  presents  a  new  class  of  proofe  as  to  ihe 
character  and  origin  of  these  bars. 

(See  Appendix  W  1.) 

ALLUVIAI.  BASm  OF  THE  MISSISSIPPI. 

In  accordance  with  a  resolution  of  the  Commission  of  Engineers  ap- 
pointed under  the  act  of  June  22, 1874,  to  investigate  and  report  a  per- 
manent plan  for  the  reclamation  of  the  alluvial  basin  of  the  Mississippi 
subject  to  inundation,  specimens  obtained  from  certain  borings,  made 
under  its  direction  at  the  site  of  a  prox>osed  outlet  to  Lake  Borgne,  were 
transmitted  to  Prof.  Eugene  W.  HUgard^  of  Ann  Arbor,  Mich.,  for  inves- 
tigation, with  instructions  to  transmit  his  report  thereon  to  the  Chief  of 
Engineers. 

"Diis  report  is  a  valuable  contribution  to  our  knowledge  of  the  forma- 
tion of  the  delta  of  the  Mississippi.  Its  practical  importance  in  the 
further  consideration  of  the  question  of  a  ship-canal  is  considerable,  by 
adding  reliable  information  as  to  the  character  of  the  material  tlie  canal 
would  be  excavated  in  and  its  capability  to  sustain  the  weight  of  suitable 
locks.  It  having  been  received  too  late  for  insertion  in  previous  annual 
reports,  it  will  be  found  herewith  in  Appendix  W  2. 

BRIDGING    THE     NAVIGABLE    WATERS    OF    THE    UNITED 

STATES. 

1.  Bridging  the  Ohio  River. — ^In  consequence  of  questions  arising  in 
tiie  proposition  to  build  a  railroad  bridge  across  the  Ohio  at  or  near 
Evansville,  Ind.,  the  Board  of  Engineer  OfQcers,  consisting  of  Majors 
^  arren,  Weitzel,  and  Merrill,  which  had  been  constituted  in  1870,  in 
compliance  with  the  provisions  of  the  river  and  harbor  act  of  that  year, 
for  the  examination  of  all  bridges  at  that  time  built  on  the  Ohio,  wa« 
reconvened,  and  met  at  Evansville  in  November,  but  were  unable  to 
reach  any  conclusions  for  want  of  surveys  at  high  water. 

Some  important  modifications  were  suggested  by  the  bridge  interests 
in  tlie  requirements  of  existing  laws,  but  surveys' sufficiently  thorough 
to  enable  the  board  to  make  a  final  report  have  not  been  furnished  by 
the  parties  interested. 

2.  Bridge  at  Beaver^  Pennsylvania. — ^To  comply  with  the  provisions  of 
the  act  of  December  17,  1872,  authorizing  the  construction  of  bridges 
across  the  Ohio  River,  the  Pittsburgh  and  Lake  Erie  Railroad  Company 
submitted  to  the  Secretary  of  War  a  i)lan  for  the  construction  of  a 
bridge  at  Beaver,  Pa.  A  Board  of  Engineer  Officers  was  in  consequence 
convened  to  examine  this  plan  and  the  proposed  location  of  the  bridge. 
For  the  report  of  the  board  thereon,  see  Appendix  XI. 
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3.  Bridge  at  Olasgtnt^  Miswmri. — ^A  Board  of  Engineer  Officers  was 
convened  to  conBider  and^report  upon  the  plan  and  location  of  a  bridge 
proppsed  to  be  erected  over  the  Missouri  River  at  Glasgow,  Mo.,  by 
the  Kansas  City,  Saint  Louis  and  Chicago  Bailroad  Company,  which 
had  been  submitted  for  the  approval  of  the  Secretary  of  War,  in  accord- 
ance with  the  act  of  Congress  of  March  13^  1878. 

For  the  report  of  the  board,  see  Appendix  X  2. 

4.  Bridge  on  the  Mississippi,  at  Fort  SneUirig,  Minnesota. — ^The  <^  act 
making  appropriations  for  sundry'  civil  expenses  of  the  government  for 
the  fiscal  year  ending  June  thirtieth,  eighteen  hundred  and  seventy- 
nine,  and  tor  other  purposes,"  approved  June  20, 1878,  made  provision 
for  the  "  construction  and  completion  of  a  free  wagon-bridge,  with  stone 
abutments,  or  stone  and  iron  abutments,  and  iron  superstructure,  across 
the  Mississippi  River,  at  or  near  Fort  Snelling,"  and  appropriated  the 
sum  of  $65,000  to  aid  in  the  same.  The  plans  and  specifications  of  the 
substructure  were  approved  by  the  Secretary  of  War,  and  the  oificer  of 
engineers  stationed  at  Saint  Paul  was  instructed  to  take  such  super- 
vision of  the  bridge  during  its  construction  as  will  enable  him  to  deter- 
mine whether  the  approved  plans  and  specifications  are  fiaithftilly  carried 
out. 

5.  Report  upon  bridging  the  Mississippi  River  between  Saint  LouiSy  Mis- 
sourij  and  Saint  Paul,  Minnesota, — ^The  river  and  harbor  act  of  June  23, 
1866,  made  provision  for  examining  and  reporting  upon  the  subject  of 
constructing  railroad-bridges  aeross  the  Mississippi,  between  Saint  Paul. 
Minn.,  and  Saint  Louis,  Mo.,  upon  such  plans  of  construction  as  woula 
offer  the  least  impediment  to  the  navigation  of  that  river. 

This  subject  was,  at  the  time,  assigned  to  Maj.  G.  K.  Warren,  Corps 
of  Engineers,  but  his  report  thereon  has  been  delayed  from  the  pressure 
of  other  important  duties.  Since  the  date  of  the  act  there  has  been  an 
almost  continued  increase  of  new  and  imxM>rtant  data.  The  surveys 
which  M%jor  Warren  had  caused  to  be  made  did  not  include  the  bridges 
and  changes  made  since  1870,  but  surveys  having  since  been  made  of 
those  bridges,  and  much  additional  information  obtained,  the  report  was 
completed  and  submitted  to  this  office  in  March  last,  and  transmitted  to 
the  Senate  at  its  last  session  and  printed  in  Senate  Executive  Document 
No.  69,  Forty-fifth  Congress^  second  session. 

It  is  reprinted  as  Appendix  X  3  of  this  report. 

LAKE  HARBORS  AND  RIVERS. 

DCPBOVBMENT    OF    HARBOR    AT    DULUTH,    MINNESOTA,  AND    OF    THE 
ENTRANCE  TO  SUPERIOR  BAY,  LAKE  SUPERIOR. 

Officer  in  charge,  Maj.  F.  U.  Farquhar,  Corps  of  Engineers. 

1.  Improvement  of  harbor  at  Buluth^  Minnesota. — A  channel  has  been 
dredged  by  contract  through  the  bar  on  the  north  side  of  the  dike,  and 
the  c&edging  in  the  inside  harbor  continued. 

During  the  present  season  it  is  proposed  to  continue  the  dredging  and 
to  repair  the  piers  of  the  canal.  To  continue  this  work  economically  the 
officer  in  charge  recommends  an  annual  appropriation  of  $50,000  until 
the  work  is  completed ;  also,  that  $10,000  additional  should  be  made 
available  for  repairs  of  piers. 

July  1,  1877,  amount  available $16,683  59 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

: $46,683  50 

July  1, 1878,  amount  expended  during  fiscal  year 13,049  55 

July  1, 1878,  amount  available 33,634  04 
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Amount  (estimated)  mequired  for  completion  of  existine  project $1B4, 293  18 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June 
30  1880: 

For  dredging. 150,000  00 

For  repair  of  piers 10,000  00 

60,000  00 

(See  Appendix  Y  1.) 

2.  Improvement  of  natural  entrance  to  the  Bay  of  Superior. — A  brush 
and  stone  protection  was  built  at  "  the  opening,"  on  Minnesota  Point. 
The  officer  in  charge  recommends  that  the  beach  protection  at  the  lower 
end  of  Minnesota  Point  be  continued  toward  the  light-house  and  some 
small  repairs  to  the  piers  be  made ;  also,  that  $10,000  be  appropriated 
for  such  repairs  to  the  superstructure  of  the  piers  as  may  be  necessary. 

July  1,  1877,  amount  available $2,500  00 

Amount  appropriated  by  act  approved  June  18,  1878 3, 000  00 

July  1,  1878,  amount  expended  during  fiscal  year 994  73 

July  1,  1878,  amount  available 4, 505  27 

Amount  (estimated)  reouired  for  contingent  repairs 10, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1880 .      10, 000  00 

(See  Appendix  Y  2.) 

HABBOBS  ON  LAKE  SUPEBIOB  (EXCEPT  DULUTH  AND  SUPEBIOB  CITY), 
ON  GBEEN  BAY,  AND  ON  THE  WESTEBN  SHOBE  OF  LAKE  MICHIGAN, 
NOBTH  OP  MILWAUKEE,  WISCONSIN. 

Officer  in  charge,  Maj.  Henry  M.  Robert,  Corps  of  Engineers. 

1.  Improvement  of  Ontonagon  Harbor^  Michigan. — Superstructure  was 
finished  over  10  cribs.  One  crib  was  refilled  and  replanked  on  the  east 
pier,  and  refilling  and  riprapping  were  done  on  the  west  pier.  Extensive 
repairs  are  now  in  progress,  and  6  cribs  will  be  placed  in  extension  of 
the  piers  this  season.  It  is  proposed  to  continue  the  pier  extension  as 
fast  as  the  appropriations  will  admit  ofl  The  piers  are  now  each  1,300 
feet  long,  the  full  length  planned  being  2,500  feet  each. 

This  is  an  imxK>rtant  work,  being  the  only  available  harbor  of  refuge 
on  a  long  stretch  of  coast 

July  1,  1877,  amount  available • |14,948  35 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

$29,948  35 

July  1,  1878,  amount  expended  during  fiscal  year 10,940  17 

July  1,  1878,  amount  available 19,008  18 

Amount  (estimated)  reouired  for  completion  of  existing  project 178, 170  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  :M,  1880 . .    50, 000  00 

(See  Appendix  Z  1.) 

2.  Improvement  of  Eagle  Harbor^  Michigan. — ^The  work  of  blasting  a 
channel  acoss  the  ledge  of  rock  which  obstructs  the  entrance  to  tliis 
harbor,  commenced  in  1875,  was  finished,  and  the  broken  rock  removed 
by  dredging.  The  work  waa  done  by  hired  labor  at  an  actual  cost  of 
$10.83  per  cubic  yard  in  place,  or  $6.08  per  yard  in  scows,  after  two 
contractors  had  attempted  it  and  failed,  though  getting  $40  and  $58  per 
cubic  yard,  respectively. 

Though  the  project  contemplates  a  further  expenditure  of  $178,362, 
the  officer  in  charge  does  not  think  so  large  an  outlay  necessary  to  the 
safe  use  of  the  harbor,  and  there  will  be  placed  this  season  two  guiding 
cribs  to  mark  the  channel,  after  which  the  only  work  done  will  be  the 
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refilling  and  riprapping  of  these  cribs,  for  which  $2,000  will  be  required, 
the  amount  in  which  the  last  appropriation  fell  short  of  the  officer's 
estimate. 

Jaly  1,  1877,  amount  available  (of  wMch  |400  were  not  in-  • 

clnded  in  previons  statements) $13,988  77   » 

Amount  appropriated  by  act  approved  June  18,  1878 8, 000  00 

121,988  77 

July  1,  1878,  amount  expended  during  fiscal  year 11, 566  66 

July  1,  1878,  outstanding  liabilities 25  00 

11, 591  66 

July  1, 1878^  amount  available 10,397  11 

Amount  (estimated)  required  for  completion  of  existing  project $178,362  36 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .        2, 000  00 

(See  Appendix  Z  2.) 

3.  Improvement  of  Marquette  Harbor j  Mwhigan. — Slight  repairs  were 
made  on  the  breakwater,  and  an  examination  was  made  to  ascertain  the 
amount  of  stone  required  for  refilling,  which  is  estimated  at  1,000  cords. 
Of  this  quantity,  about  400  cords  will  be  put  in  during  the  present  sea- 
son, and  the  remainder,  with  such  other  repairs  as  are  always  needed  to 
this  exposed  work,  should  be  done  during  the  fiscal  year  1879-'80,  for 
which  tiie  sum  of  $5,000  will  be  required.  This  breakwater  was  finished 
at  a  cost  nearly  $79,000  less  than  the  estimate,  and  should  be  extended 
400  linear  feet,  which  would  cost  $68,000. 

July  1,  1877,  amount  available |2,  490  90 

Amount  appropriated  by  act  approved  June  18, 1878 2, 000  00 

|4, 490  90 

July  ,  1878,  amount  expended  during  fiscal  year 1,532  59 

July  1, 1878,  amount  available 2,958  31 

Amount  that  can  be  profitably  expended  on  Tepairs  in  fiscal  year  ending 
JuneSO,  1880 5,000  00 

(See  Appendix  Z  3.) 

4.  Improvement  of  Menomonee  Harbor j  Miehiga/n  and  Wisconsin. — Five 
new  cribs  were  buUt  and  placed  in  extension  of  the  piers,  and  3,723.8 
cubic  yards  of  material  were  dredged  from  the  bar,  at  a  cost  of  ten  cents 
per  cubic  yard;  a  resurvey  of  the  channel  was  made,  showing  a  14-foot 
channel  to  the  heads  of  the  piers  and  for  1,000  yards  up  the  river. 

Three  new  cribs  will  be  placed  this  season  in  extension  of  the  piers 
and  sui)er8tructure  built  over  those  placed  last  season.  Further  ex- 
tension of  the  same  work  is  proposed  for  the  fiscal  year  1870-'80. 

July  1,  1877,  amount  available $9,531  23 

Amount  appropriated  by  act  approved  June  18, 1878 10, 000  00 

$19,53123 

July  1,  1878,  amount  expended  during  fiscal  year 9, 432  16 

July  1, 1878,  amount  available 10,099  07 

Amount  (estimated)  required  for  completion  of  exiBting  project 69, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      40, 000  00 

(See  Appendix  Z  4.) 

5.  Improvement  of  Oreen  Bay  Harbor j  Wisconsin. — ^Dredging  on  the 
line  of  previous  work  in  the  channel  leading  in  from  Green  Bay  was 
done  to  the  amount  of  39,282.5  cubic  yards,  which  were  removed  at  a 
cost  of  12  cents  per  cubic  yard.  A  resurvey  of  the  channel  10,000  feet 
long  was  made  through  ice,  to  determine  the  proper  location  of  future 
work.  During  the  present  season  dredging  in  continuation  of  the  im 
provement  wUl  be  carried  on  as  far  as  £nds  will  x)ennit.    The  same 
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work  is  proposed  for  the  next  fiscal  year,  with  such  repairs  as  the  piers 
at  Grassy  Island  may  require. 

The  importance  of  this  work  is  sufficiently  indicated  by  its  position  at 
the  moutii  of  Fox  Biver,  it  really  forming  a  part  of  the  Fox  and  Wis- 
consin Eiver  improvement. 

July  ly  1^77,  amoant  available |6, 144  43 

Amount  appropriated  by  act  approved  June  18,  1878 ^.. .    5, 000  00 

»11,144  43 

July  1, 1878,  amount  expended  during  fiscal  year 6, 085  60 

July  1,  1878,  amount  available 5,058  83 

Amount  Qegtimated)  reauired  for  completion  of  existing  project 22, 000  OD 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      12, 000  00 

(See  Appendix  Z  5.) 

6.  Harbor  of  Refuge  at  entrance  to  Sturgeon  Bay  Canaly  Wisconsin, — 
The  outer  ends  of  the  pier  were  refilled  as  &x  as  the  small  sum  available 
would  permit  and  a  set  of  soundings  taken  in  the  harbor.  No  work  had 
been  done  since  1874.  During  the  present  season  14  cribs  will  be  placed 
in  extension  of  the  piers  and  the  old  piers  repaired.  During  the  fiscal 
year  1879-'80  it  is  proi)Osed  to  complete  the  pier  extension  and  to  com- 
mence dredging  in  the  harbor. 

The  officer  in  charge  refers  to  the  vigorous  prosecution  of  the  canal 
work  during  the  past  year,  and  caUs  attention  to  certain  defects  in  the 
construction  of  the  canal  and  in  the  legislation  of  Congress  granting  the 
land-grant  under  which  it  is  constructed,  and  to  the  relation  which  this 
work  bears  to  the  government  harbor.  He  recommends  that  future  ap- 
propriations be  worded  as  the  iirst  were,  the  phraseology  having  been 
changed  in  the  last  appropriation  bill^  and  expresses  a  belief  that, 
although  the  canal  may  possibly  be  abandoned  by  the  company,  the 
government  should  finish  the  harbor  at  its  entrance. 

July  1,  1877,  amount  available |401  21 

Amount  appropriated  by  act  approved  June  18, 1878 90, 000  00 

— $30,40121 

July  1, 1878,  amount  expended  during  fiscal  year 253  04 

July  1, 1878,  outstanding  Uabilitiee 7  00 

26004 

July  1,  1878,  amount  available 30,141  17 

Amount  (estimated)  reauired  for  completion  of  existing  project 100,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      60, 000  00 

(See  Appendix  Z  6.) 

7.  Improvement  of  Ahuepee  Harbor j  Wisconsin. — Superstructure  over 
the  7  cnbs  of  1875,  in  progress  at  the  date  of  the  last  annual  report,  was 
finished,  and  1,100  linear  feet  of  plank  walk  laid  on  the  piers.  The  rock 
blasted  firom  the  river-bed  was  removed  by  the  United  States  dredge^ 
and  100  cords  of  the  same  was  placed  in  the  piers.  The  ice  during  &e 
winter  was  not  in  condition  to  admit  of  work  as  exx>ected,  but  the  drill- 
ing and  blasting  were  recommenced  in  June  last,  and  will  be  prosecuted 
through  the  present  season.  Continuation  of  the  same  work  is  proposed 
during  the  fiscal  year  1879-^80,  with  the  repairs  necessary  for  the  preser- 
vation of  the  piers. 

July  1, 1877,  amount  available |6,d97  05 

Amount  appropriated  by  act  approved  June  18,  1878 8, 000  00 

J14,997  06 

July  1, 1878,  amount  expended  during  fiscal  year 5, 486  11 

July  1,  1878,  outstanding  liabilities 253  80 

5,739  91 

Julyl,  1878,  amount  available 9,257  14 
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Amoimt  (Mtinuiled)  required  for  completion  of  existing  project |79, 000  00 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    25, 000  00 

(See  Appendix  Z  7.) 

8.  Impr&vememt  of  Two  Bivers  Harbor j  Wisconsin. —  Sax>er8tructiire 
and  plank  walk  over  the  6  cribs  of  1875,  m  progress  at  the  date  of  the 
last  annual  report,  was  completed.  Three  hun<£*ed  linear  feet  of  pier 
was  decked  and  sonncUngs  taken  through  the  channel  and  in  the  vicin- 
ity of  the  bridge  pier.  During  the  present  season  sand-proof  lining 
will  be  bnilt  on  the  pile  piers  and  some  dredging  done  between  the 
piers.  During  the  fiscal  year  1879-^80  the  ox)erations  contemplated  are 
the  further  extension  of  the  piers  and  dredging  between  them.  This 
harbor  has  never  been  oi>ened  to  the  local  commerce  of  the  place,  the 
work  thereon  not  being  sufficiently  advanced.  The  private  bridge  pier 
has  been  used  by  vessels  to  the  present  time,  and  as  accretions  are 
rapidly  forming  around  it,  it  becomes  advisable  to  complete  the  harbor- 
work  as  soon  as  possible. 

July  1, 1877,  amount  available 14,969  12 

Amount  appropriated  by  act  approved  June  18,  1878 10,  000  00 

J14,  969  12 

July  1, 1878,  amount  expended  during  fiscal  year 4,  951  24 

July  1, 1878,  amount  available 10,  017  88 

Amount  (estimated)  reauired  for  completion  of  existinff  project 145,  588  80 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     40,  000  00 

(See  Appendix  Z  8.) 

9.  Improvement  of  Manitowoc  Harbor j  Wisoonsin. — ^The  repair-work  in 
progress  at  the  date  of  the  last  annual  report  was  completed  and  a 
series  of  soundings  taken  through  the  channel.  During  the  present 
season  four  new  cribs  will  be  plac^  the  piers  will  be  refill^  and  repairs 
made  as  necessaiy.  During  the  fiscal  year  1879-'80  it  is  proposed  to 
extend  the  piers  to  18  feet  water,  and  do  such  dredging  as  may  be  neces- 
sary. If  the  whole  amount  estimated  for  that  year  be  appropriated, 
this  harbor  can  be  flldshed  within  the  estimated  cost,  notwithstanding 
that  the  small  appropriations  have  necessitated  a  good  deal  of  repair- 
work.  This  port,  being  the  most  frequently  sought  in  stormy  weather 
on  the  northwestern  shore  of  Lake  Michigan,  should  be  completed  at  as 
early  a  day  as  possible. 

July  1, 1877,  amount  available |2, 131  69 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

J17, 131  69 

July  1, 1878,  amount  expended  during  fiscal  year 2,  062  40 

July  1, 1878,  amount  available 15,  069  29 

Amount  (estimated)  required  for  completion  of  existing  project 21, 682  54 

Amount  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1880 .     21,  682  54 

(See  Appendix  Z  9.) 

10.  Tny^rovement  of  Shebojfgtm  Harbor  J  Wisconsin. — ^The  cost  of  this  har- 
bor has  so  far  exceeded  tiie  estimate  by  over  $8,000,  but  the  work  since 
1875  has  been  almost  wholly  repairs  to  the  piers.  These  rei>airs  were 
continued  from  November  to  May,  and  will  be  prosecuted  during  the 
present  season  and  during  the  fiac9l  year  1870-^80.  It  is  estimated  that 
they  will  cost  $12,000  to  complete,  of  which  $4,000  was  appropriated  this 
year. 

It  became  necessary  to  dredge  out  the  channel  this  last  spring,  an.un- 
uimaQy  heavy  gale  having  moved  a  large  quantity  of  beach  sand  into  it. 
13ie  work  was  done  by  the  United  States  dredge,  which  was  moved  for 
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this  purpose  from  Port  Washington,  the  city  of  Sheboygan  paying  an 
expenses  of  towing.    Cubic  yards  of  materisi  removed,  7^117. 

July  1,  1877,  amount  available f3,049  24 

Amount  appropriated  by  act  approved  June  18, 1878 4, 000  00 

|7,049  34 

July  1, 1878,  amount  expended  during  fiscal  year.... 3, 037  66 

July  1,  1878,  amount  available 4,  Oil  58 

Amount  (estimated)  required  for  completion  of  repairs  and  dredging 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 188Q.    10, 000  00 

(See  Appendix  Z  10.) 

11.  ImpravemmtofPart  Washington  Harbor y  Wisoonsin. — The  excava- 
tion of  the  north  basin  was  commenced  by  the  United  States  dredge  in 
accordance  with  the  modified  plan  approved  June  7, 1877.  Forty-five 
thousand  two  hundred  and  thirty-two  cubic  yards  were  removed  to  No- 
vember 30,  at  an  expense  of  $0.12A^^  per  cubic  yard,  against  $0.34^  to 
$0.56^  per  cubic  yanl  paid  by  contract  in  previous  years  at  this  harbor. 
Tliirty-two  hundred  and  sixty-two  cubic  yards  were  removed  from  the 
channel  and  repairs  made  on  the  north  pier.  Dredging  was  rec(»nmenced 
June  17  and  will  be  continued  during  tte  present  season,  and  will  be 
renewed  with  the  funds  appropriated  for  the  fiscal  year  1879-'80. 

Jnly  1, 18r7,  amount  available $7,545  18 

Amount  appropriated  by  act  approved  June  18, 1878 5, 000  00 

fl2,545  18 

July  1,  1878,  amount  expended  during  fiscal  year 7, 113  83   * 

July  1, 1878,  outstanding  UabiUtiea 146  53 

7,260  36 

July  1, 1878,  amount  avaUable 5,284  82 

Amount  (estimated)  required  for  completion  of  existing  project 53, 527  17 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1860 .    25, 000  00 

(See  Appendix  Z 11.) 

IMPBOYEHENT  OF  HABBOKS  OF  HILWATTKEE,  BACINB,  A3XD  KEfNOSHA, 
LAKE  WLCBiaAJXy  AND  OF  FOX  AND  WISCONSIN  BIVEBS* 

Officer  in  diarge,  Maj.  D.  0.  Houston,  Corps  of  Engineers,  with  Lieut* 
P.  A.  Hinman,  Goips  of  Engineers,  under  his  immeSate  orders. 

1.  Improvement  of  Milwaukee  Sarhor^  Wisconsin. — ^The  rebuilding  of 
the  superstructure  of  the  south  pier  for  a  distance  of  1,130  feet  was  com- 
pleted; the  stone  superstructure  on  the  north  pier  extended  98  feet;  266 
feet  of  pile  protection  put  in,  and  some  repairs  made  to  the  timber  work 
at  the  inner  end  of  both  piers. 

The  appropriation  of  June  18, 1878,  of  $15,000  will  be  applied  toward 
completing  the  stone  superstructure  of  the  north  pier. 

July  1,  1877,  amount  available ^18,027  20 

Amount  appropriated  by  act  approved  June  18,  1878 ••    15, 000  00 

133,027  20 

July  1, 1878,  amount  expended  during  fiscal  year 15, 937  78 

July  1,  1878,  amount  available 17,089  42 

Amount  (estimated)  reouired  for  completion  of  existinff  project 15, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      15, 000  00 

(See  Api)endix  A  A  1.) 

2.  Improvement  of  Racine  Harbor^  Wisconsin. — During  the  year  the 
lebuilding  of  the  old  superstructure  of  the  north  pier  for  a  distance  of 

iw\nt  BOO  feet  was  completed. 
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The  appropriatioii  of  June  18. 1878,  will  be  applied  to  extending  the 
north  pier  50  feet  and  dredging  oetween  the  piers. 

July  1,  ld77,  amount  available ^ |6, 143  32 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

J16, 143  32 

July  1,  1878,  amonnt  expended  daring  flseal  year...... 5, 278  23 

July  1, 1878,  amount  avaUable 10, 865  09 

ed)  required  lor  completion  of  existing  project 20, 000  00 

be  profitably  expended  in  fiscalyearendingJune  30, 1880.      20,000  00 

(See  Appendix  A  A  2.) 

3.  Improvement  of  Kenosha  Harbor^  Wisconsin. — Dnring  the  year 
about  10,000  cubic  yards  of  material  were  dredged  from  the  harbor. 

The  appropriation  of  June  18. 1878,  will  be  applied  to  extending  the 
north  pier  50  feet  and  repairs  of  old  work. 

July  1,  1877,  amount  available $4,071  25 

Amount  appropriated  by  act  approved  June  18,  1878 8,  000  00 

112,07125 

Julyl,  1878^  amount  expended  during  ftscal  year 3,133  00 

Julyl,  1878^  amount  available 8,938  25 

Amount  (eetimated)  required  for  completion  of  existing  project 72, 000  00 

Amount  that  earn  be  profitably  expended  in  fiacal  year  ending  June  30, 1880 .      20, 000  00 

(See  Appendix  A  A  3.) 

4.  Improvement  of  the  Fox  and  Wisamsin  Bivers* — The  iminx)vement 
of  these  rivers  is  being  carried  on  in  accordance  with  the  plan  heretofore 
reported^  and  the  resists  are  given  in  detail  in  the  accompanying  reports 
in  the  appendix. 

Navigation  is  now  open  on  the  Pox  Eiver  from  Green  Bay  to  Portage 
CSty. 

Jnlvl,  1877y  amonnt  available $145,308  01 

Tolle  received  and  deposited  to  credit  of  appropriAtlon 2, 312  06 

Amount  appropriated  by  act  approved  June  18, 1878 250, 000  00 

1397,620  07 

July  1,  1878,  amount  expended  during  fiscal  year 108,750  38 

July  1,  1878,  outstanding  li^biUties 5,141  92 

113.892  30 

July  1,  1878,  amount  available 283, 727  77 

Amount-  (estimated)  vea  uived  for  completion  of  existing  project 2, 725, 663  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30^  1880.    750, 000  00 

(See  Appendix  A  A  4.) 

EXAMINATIONS  AND  flimVEYB  FOB  IMPBOVEMSNT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 1878, 
Major  Houston  has  been  charged  with  and  is  now  engaged  upon  an  ex- 
amination and  survey  of  Wolf  Biver^  from  Lake  Boygan  to  Bed  BiveVj 
Wisconsin^  the  result  of  which  will  be  duly  submitted  when  received. 

IMPBOVBMENT  OF  HABBOBS  OF  CHICAGO,  CALUMET,  MICHIGAN  CITY, 
AND  NEW  BUFFALO,  LAKE  MICHIGAN,  AND  OP  ILLINOIS  BIVEB. 

OlBcer  in  charge,  Capt  G.  J.  Lydecker,  Corps  of  Engineers. 

1.  Improvement  of  Chicago  Harbor,  Illinois. — Operations  were  restricted 
to  slight  repairs  of  existing  works,  there  being  no  money  for  doing  any 
new  work* 
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The  amount  appropriated  by  the  act  approved  June  18, 1878,  it  is  pro- 
posed to  expend  as  follows: 

For  breakwater  oonstmotion ••.. $55,000 

For  dredging  channel  thtotigh  outer  harbor 15,000 

For  the  fiscal  year  ending  June  30, 1880,  an  appropriation  of  $125,000 
is  recommended  by  the  officer  in  charge,  to  be  applied  as  follows:  $100,000 
for  continuation  of  breakwater;  $20,000  for  dredging  in  outer  haibor; 
$5,000  for  repairs  and  pres^vation  of  old  piers  and  breakwater. 

Julyl,  1877,  amount  available... $3,669  48 

Amount  appropriated  by  act  approved  June  18, 1878 75, 000  00 

178,669  48 

July  1,  1878,  amount  expended  during  fiaoal  year • 3,365  96 

Julyl;  1878,  amount  available 75,304  22 

_  a 

Amount  (estimated)  reouired  for  completion  of  existing  project 250, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1880 .    125, 000  00 

(See  Appendix  BB  1.) 

2.  Improvement  of  Calumet  Harbor^  Illinois. — ^Dredging  diaonel 
through  bar  at  harbor  entrance  was  in  progress  at  the  beg^oning  of  the 
year^  and  continued  during  July;  this  part  of  the  work  was  tiien  dis- 
continued, a  channel  100  feet  wide  with  a  depth  of  15  feet  having  been 
made. 

Three  cribs,  for  the  extension  of  the  north  pier,  were  built  and  sank 
during  the  months  of  July  and  August. 

It  is  proposed  to  apply  the  present  appropriation  to  extending  the 
north  pier  200  feet  fairther,  and  to  restoring  the  channel  through  the 
outer  bar. 

This  channel  can  only  be  maintained  and  the  entrance  kept  open 
(without  annual  dredging)  after  the  pier  shall  have  been  extended  into 
at  least  18  feet  of  water;  when  this  is  accomplished,  the  fall  width  of 
channel  can  be  dredged,  and  its  depth  can  be  maintained. 

For  this  purpose  an  appropriation  of  $40,000  is  recommended  by  the 
officer  in  charge  for  the  year  ending  June  30, 1880,  to  be  applied  as 
follows:  $30,000  for  pier  construction;  $10,000  for  dredging. 

July  1,  1877,  amount  available $12,851  24 

Amount  appropriated  by  act  approved  June  18, 1878 15,  000  00 

127,  851  24 

July  1,1878,  amount  expended  during  fiscal  year 11,821  20 

July  1,  1878,  amount  available.  16,  030  04 

Amount  (estimated)  reouired  for  completion  of  existing  project 40, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      40, 000  00 

(See  Appendix  B  B  2.) 

3.  Improvement  of  Michigan  City  Harbor^  Jndiana.— rThe  work  of  re- 
pairing damage  done  to  the  unfinished  cribs  of  the  breakwater  by  storm 
during  the  winter  of  1876-'77  was  finished  about  the  close  of  July.  A 
superstructure,  limited  by  reason  of  lack  of  funds  to  a  height  of  four 
courses  only,  was  subsequently  placed.  In  October  and  Kovember  a 
series  of  violent  gales  occasioned  great  damage  to  the  work,  to  repair 
which  an  allotment  of  $*2,500  was  made  from  &e  appropriation  for  ^<  re- 
pair, preservation,  extension,  and  completion  of  river  and  harbor  work." 

The  extreme  violence  of  the  sea  at  this  locality  caJls  for  a  superstruc- 
ture of  unusual  height,  and  the  entire  work  shoiQd  be  completed  during 
the  summer  and  early  fall  months.  There  is  urgent  need  of  making  the 
appropriation  for  the  year  ending  June  30, 1880,  sufficient  to  complete 
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the  breakwater,  and  do  some  considerable  dredging  in  the  outer  harbor 
to  render  it  avaolable.  For  this  purpose  the  appropriation  should  not  be 
less  than  $50,000,  all  of  which  should  be  applied  to  completing  the  outer 
harbor. 

July  ly  1877.  amoont  ftvaUable $8,990  11 

Allotment  m>m  appropriation  for  repairing,  preservation,  ex- 
tension, and  completion  of  river  and  liarm>r  work 2,500  00 

Amount  appropriated  by  act  approved  Jane  18,  1878 75,  000  00 

186,490  11 

July  1, 1878,  amonnt  expended  during  fiflcal  year 11,490  11 

July  1, 1878,  amount  available 75,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enmng  June  90, 1880.    50, 000  00 

(See  Appendix  B  B  3.) 

4.  Improvement  ofKew  Buffalo  Harbor^  Michigan, — ^There  was  no  work 
done  bere  during  the  year.  "jS^one  is  contemplated  for  the  ensuing  year. 
There  has  been  no  appropriation  for  this  improvement  since  1872,  and 
none  is  now  recommended. 

July  1,  1877,  amount  available $5,013  44 

July  1,  1878,  amount  expended  during  fiscal  year 13  44 

July  1,  1878,  amount  available 5,000  00 

(See  Appendix  B  B  4.) 

5.  Improvement  of  Illinois  Biver. — ^Work  of  improving  the  river  by 
diedging  cbannels  through  the  various  bars  has  been  carried  on  as  in 
previous  years. 

The  officer  in  charge  of  the  improvement  recommends  that  the  work 
in  future  be  done  by  machinery  owned  and  operated  by  the  government, 
instead  of  by  contract  as  heretofore,  believing  there  will  result  a  great 
saving*  in  money  and  in  time  also. 

If  this  project  be  approved^  an  appropriation  of  $75,000  is  recommended 
hj  him  for  the  fiscal  year  ending  June  30, 1880.  If  the  work  be  continued 
by  ooutractf  this  amount  should  be  increased  to  $100,000. 

July  1,  1877,  amount  available 927,624  14 

Amount  appropriated  by  act  approved  June  18,  1878 75, 000  00 

1102,024  14 

July  1,  1878,  amount  expended  during  fiacal  year SM,490  72 

July  1,  1878,  amount  available 78,133  42 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      75, 000  00 
(See  Appendix  B  B  5.) 

xxpbjotexejxt  of  hasbobs  on  the  eastern  shore  of  lake  michi- 

GAN. 

Officer  in  charge,  Maj.  B.  M.  Mansfield,  Corps  of  Engineers. 

1.  Improvement  of  Charlevoix  HarhoTy  Michigan. — Congress  appropri- 
ated $10,000  in  the  act  of  Angost  14, 1876^  to  begin  improvements  here^ 
and  it  was  e3q)ended  during  the  season  of  1877  in  widening  and  dee|)en- 
ing  tiie  channel  near  the  lake  and  constmcting  a  south  pier  of  crib  and 
brush  work  (349  feet  in  length)  for  its  protection  against  the  drift  of  sand 
along  the  beach.  The  old  pier  (472  feet  in  length)  was  repaired  and 
made  serviceable  as  a  north  pier. 

This  spring  a  narrow  bar  at  the  shoreline,  with  but  8  feet  water  on 
it,  obfitnicts  the  navigation  of  an  otherwise  fair  channel. 

The  appropriation  of  $12,000  of  June  18, 1878,  will  be  expended  in 
extending  the  piers  into  deeper  water. 
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The  officer  in  charge  suggests  that  in  farther  continuance  of  this  work 
of  improvement,  $30,000  could  be  profitably  expended  in  the  next  fiscal 
year  in  pier  extension  and  channel  widening  and  deepening. 

July  1,  1877,  amount  available $5,244  24 

Amount  appropriated  by  act  approved  June  18, 1878  ...•.••..••  12, 000  00 

$17,244  24 

July  1,  1878,  amount  expended  during  fiscal  year 5, 167  22 

July  1, 1878,  amount  avaOable 12,077  02 

Amount  (estimated)  required  for  completion  of  existing  project 164, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    30, 000  00 

(See  Api)endix  C  C  1.) 

2.  Improvement  of  Frankfort  Harbor ^  Michigan. — One  crib  (50  feet  in 
length)  was  added  to  the  south  pier  during  the  season  of  1877,  and  about 
300  feet  in  length  of  this  pier  was  raised  to  the  proper  level  above  the 
water,  while  both  piers  were  refilled  with  stone,  and  some  minor  repairs 
were  made  to  the  revetment. 

A  bar,  with  but  9  J  feet  of  water  on  it,  covers  the  approach  to  the  har- 
bor this  spring,  while  the  channel  between  the  piers  has  at  least  11  feet 
water. 

The  appropriation  of  $8,800,  of  June  18, 1878,  will  be  expended  in  ex- 
tending both  piers  50  feet  into  the  lake. 

The  balance  of  the  original  estimate,  $13,200,  can  be  profitably  ex- 
pended in  the  fiscal  year  ending  June  30, 1880,  in  a  further  extension  of 
the  piers. 

July  1,  1877,  amount  available $3,450  31 

Amount  appropriated  by  act  approved  June  18,  1878 8.  800  00 

$12,250  31 

Jaly  1,  1878,  amount  expended  during  fiscal  year 3,  373  29 

July  ly  1878,  amount  available 8,877  02 

Amount  ^estimated)  required  for  completion  of  existing  project 13, 200  00 

Amount  tnat  can  be  profitably  expended  in  fiscal  yearending  June  30, 1880.      13, 200  00 

(See  Appendix  C  C  2.) 

3.  Improvement  of  Manistee  Harbor^  Michigan, — ^The  point  of  sand  in 
the  bend  of  the  river,  on  north  side,  was  dredged  away  during  the  sea- 
son, and  the  exposed,  bank  faced  with  a  pile-revetment  for  a  length  of 
420  feet,  and  32  cords  of  stone  were  put  into  the  piers  as  ballast. 

A  bar,  with  but  8  feet  water  over  it,  obstructed  the  entrance  to  the 
harbor  this  spring.  At  the  solicitation  of  certain  lumber  manufacturers 
of  Manistee,  a  channel  was  dredged  through  it,  with  the  small  balance 
of  funds  remaining  over,  leaving  now  a  channel  of  good  width  and  with 
a  depth  of  14  feet. 

The  appropriation  of  $15,000,  of  June  18, 1878,  wil  Ibe  expended  this 
season  in  extending  both  piers  100  feet. 

The  piers  require  further  extension.  The  balance  of  the  original  esti* 
mates  made  therefor  is  $61,771,  of  which  sum  $30,000  could  be  very 
profitably  expended  in  the  next  fiscal  year. 

July  1,  1877,  amount  available |7, 169  79 

Amount  appropriated  by  act  approved  June  18, 1878 15^  000  00 

|22, 109  79 

July  1, 1878,  amount  expended  during  fiscal  year 6,  452  53 

July  1,  1878,  amount  available 15,717  26 

mount  (estimated)  required  £ 
mount  tnat  can  be  profitably  e 

(See  Appendix  0  C  3.) 
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Amount  ^estimated)  required  for  completion  of  existing  project 61,  771  00 

Amount  tnat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      30, 000  00 
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4.  Improvement  ofLudington  Harhor.  Michigan. — ^During  the  season  the 
south  pier  was  extended  100  feet,  ana  repairs  to  both  piers  were  made 
in  the  way  of  releveling  and  rebailasting.  In  the  fall  the  United  States 
dredge  removed  6000  yards,  of  sand  firom  the  channel,  leaving  an  avail- 
able water-way  of  13  feet    There  is  full  12  feet  water  here  now. 

The  appropriation  of  $15,000  of  June  18, 1878,  will  be  expended  this 
season  in  extending  the  north  pier  100  feet  and  the  south  pier  50  feet. 

Becommendations  for  pier  extension  have  heretofore  been  made,  and 
are  renewed.  The  unappropriated  balance  of  $11,000  can  be  profitably 
expended  during  the  year  ending  June  30, 1880. 

July  1,  1877,  amonnt  available $4,043  03 

Amount  appropriated  by  act  appxoyed  Juue  18, 1878 15, 000  00 

$19, 043  03 

July  1,  1878,  amount  expended  during  fiscal  year 3,325  77 

July  1, 1878,  amount  available 15,717  26 

Amount  (estimated)  reanired  for  completion  of  existing  project 11, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      11, 000  00 

(See  Appendix  CO  4.) 

5.  Improvement  of  Pentwater  Harbor y  Michigan, — ^Dunng  the  season  the 
north  pue-reyetment  was  extended  552  feet  in  an  easterly  direction^  and 
14,900  cubic  yards  were  dredged  firom  the  bank  and  channel,  leaving  a 
water-way  of  12  feet  through  the  middle.  The  pier-heads  were  re- 
ballasted  and  some  slight  repairs  made. 

The  shoalest  water  this  spring  is  9  feet  for  a  short  distance  near  the 
shore-line. 

The  appropriation  of  $10,000  of  June  18, 1878,  will  be  expended  this 
season  in  building  600  feet  of  pile-revetment,  extending  the  north  pier 
in  an  easterly  diroction. 

The  reconmiendations  and  estimates  of  previous  years  are  renewed. 
The  unappropriated  balance  of  $29,200  can  be  profitably  expended  in 
the  fiscal  year  ending  June  30, 1880,  in  completing  revetment  and  pier 
extension. 

July  1,  1877,  amount  available $3,871  30 

Amount  appropriated  by  act  approved  June  18,  1878 lO,  000  00 

$13,87130 

July  1, 1878,  amount  expended  during  fiscal  year 3,126  55 

Julyl,  1878,  amount  available , 10,744  75 

Amount  (estimated)  required  for  completion  of  existing  project 29, 200  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1880 .      29, 200  00 

(See  Api^endix  G  G  5.) 

6.  Improvement  of  White  Biver  Harbor y  Michigan. — ^In  September  and 
October  the  United  States  dredge  removed  8,580  cubic  yards  of  material 
firom  the  channel,  leaving  an  available  water-way  of  11  feet. 

Two  hundred  leet  of  pier- work,  westward  of  tiie  shore-line,  being  the 
most  defective  i>ortion2  received  a  new  filling  of  brush  mattresses,  edg 
ings,  and  stone,  and  pier-heads  were  reballasted.  The  available  depth 
of  water  this  spring  in  the  channel  and  on  the  bar  is  10  feet. 

The  appropriation  of  $12,000  of  June  18, 1878,  will  be  expended  this 
season  in  extending  the  south  pier  50  feet  and  overhauling  and  refilling 
the  pile  piers  with  brush,  edgings,  and  stone. 

In  continuance  of  improvements  here,  as  suggested  in  previous  re- 
ports (pier  extension),  the  unappropriated  balance  of  the  estimate  of 
1873,  $19,891.56.  together  with  the  estimate  of  $5,000  for  dredging,  or 
$24,891.56,  can  oe  profitably  expended  in  the  next  fiscal  year. 
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Jtdy  1, 1877,  amount  availabl© $2,929  67 

Amount  appropiiated  by  act  approved  June  18,  1878 12, 000  00 

$14,929  67 

July  1, 1878,  amount  expended  during  fiscal  year ■     2, 802  02 

July  1,1878,  amount  available 12,127  65 

Amount  (estimated)  required  for  completion  of  existing  project 24, 891  56 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  90, 1880 .      24, 891  56 

(See  Appendix  0  C  6.) 

7.  Improvement  of  Muskegon  Harbor^  Michigan. — ^During  the  year  the 
south  pier  has  been  extended  100  feet.  Several  openings  and  defective 
places  in  both  piers  were  repaired,  and  an  88-foot  gap  in  the  old  slab  pier 
was  refilled.  The  available  depth  of  water  between  the  piers  this  spring 
is  14  feet,  with  no  bar  outside. 

Ko  appropriation  was  required  for  the  fiscal  year  1878-^79,  and  none 
made.  A  balance  of  $4,393.46  of  former  appropriation  will  be  applied 
this  season  to  reconstructing  the  superstructure  over  outer  two  cribs  of 
north  pier,  closing  intervals,  refilling  superstructure,  and  placing  fenders 
around  pier-heads. 

Of  the  original  estimate  for  this  work  there  remains  unappropriated  a 
balance  of  $8,898.04,  which  can  be  profitably  expended  in  extending  the 
north  pier  50  feet  and  making  repairs  during  the  next  fiscal  year. 

July  1,  1877,  amount  available (9, 281  48 

July  1,  1878,  amount  expended  during  fiscal  year • 4, 888  02 

July  1,  1878,  amount  available 4,393  46 

Amount  (estimated)  required  for  completion  of  existing  project 8, 898  04 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      8, 898  04 

(See  Appendix  0  0  7.) 

8.  Improvement  of  Orand  Raven  Harbor j  Michigan, — ^During  the  year 
the  north  pier  was  extended  150  feet.  In  the  fall  a  bar  appeared  off  the 
entrance,  which  gradually  increased  till  the  necessity  for  its  removal  be- 
came so  great  t^t,  for  want  of  funds  for  the  purpose,  it  was  dredged 
away  by  the  steamboat  company,  and  a  channel  left  about  200  feet  wide, 
with  14^  feet  water.  The  deepest  water  on  the  bar  this  spring  was  15^ 
feet. 

The  appropriation  of  $16,000  of  June  18, 1878,  will  be  expended  this 
season  in  extending  tlie  north  pier  150  feet 

There  remains  unappropriated  of  the  original  estimate  for  the  complex 
tion  of  the  work  at  this  harbor  $29,148.96,  which  amount  can  be  profit- 
ably expended  in  the  fiscal  year  ending  June  30, 1880. 

Julyl,  1877,  amount  avaOable |3,003  39 

Amount  appropriated  by  act  approred  June  18, 1878 15, 000  00 

$18, 003  39 

July  1, 1878,  amount  expended  during  fiscsJ  year > 3, 003  18 

Julyl,  1878,  amount  available 15,000  21 

Amoulit  (estimated)  required  for  completion  of  existing  project 29, 148  96 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    29, 148  96 

(See  Appendix  0  C  8.) 

9.  Improvement  of  Black  Lake  Harbor ^  Michigan. — ^During  the  year  the 
south  pier  was  extended  50  feet,  700  running  feet  of  revetment  over- 
hauled and  refilled  in  a  manner  to  effectually  stop  the  action  of  the  sea 
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through  it,  and  35,775  cubic  yards  of  sand,  &c.,  were  dredged  from  the 
channel-way. 

In  the  faU  there  was  an  available  water-way  of  9  feet  in  the  channel. 
This  spring  we  find  the  channel  shoaled  in  one  place  to  8  feet. 

The  appropriation  of  $10,000  of  June  18, 1878,  will  be  expended  this 
season  in  extending  the  south  pier  50  feet  and  the  north  pier  100  feet. 

The  recommendations  heretofore  made  are  renewed,  and  the  unappro- 
priated balance  of  $22,000  can  be  profitably  expended  in  extending  the 
piers  during  tiie  fiscal  year  ending  June  30, 1880. 

Jalj  1,  1877;  amoimt  available $10,482  15 

Amount  appropriated  by  act  approved  Jane  18,  1878 10, 000  00 

— ^ $20,482  15 

Jnly  1,  1878,  amount  expended  dnring  f&Bcal  year 9, 779  57 

Jnly  1,  1878,  amount  available 10, 703  58 

Amount  (estimated)  required  for  completion  of  existing  project 22, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880.    22, 000  00 

(See  Appendix  0  0  9.) 

10.  Improvement  of  Saugatuck  Harbor ^  Michigan, — ^The  only  work  done 
here  during  the  year  was  the  lightering  of  some  stone  from  the  south  to 
the  north  pier  for  ballast  at  the  outer  end. 

In  the  fall  the  channel  shoaled  from  the  north  pier-head,  leaving  a 
narrow  jmssage  of  50  feet. 

The  appropriation  of  $2,500  of  June  18, 1878,  will  be  expended  in  fill- 
ing with  brush  and  stone  the  north  pier  for  a  length  of  300  feet. 

The  depth  of  water  is  from  9  to  10  feet  in  the  channel  and  out  to  deep 
water. 

The  unappropriated  balance  of  the  existing  estimate  for  the  comple- 
tion of  the  work  is  $35,958.74.  An  appropriation  of  $10,000  is  recom- 
mended by  the  officer  in  charge  for  pier  extension  in  the  next  fiscal 
year. 

July  1,  1877,  amount  available |427  21 

Amount  appropriated  by  act  approved  June  18,  1878 • 2, 500  00 

|2, 927  21 

Julv  1, 1878,  amount  expended  during  fiscal  year 412  13 

July  1, 1878,  outstanding  liabilitiee 9  75 

421  88 

July  1,  1878,  amount  available 2,505  33 

Amount  (eetimated)  required  for  completion  of  existing  project 35, 958  74 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  10, 000  00 

(See  Appendix  C  G 10.) 

11.  Improvement  of  South  Haven  Harbor ^  Michigan, — ^The  work  in  hand 
at  the  end  of  the  last  fiscal  year  was  continued  and  progressed  satisfac- 
torily ontil  funds  were  exhausted. 

At  the  end  of  the  season  there  was  a  depth  of  9  feet  in  the  channel 
from  entrance  to  warehouse.  This  spring  the  channel  has  shoaled  to 
about  7i  feet  for  a  short  distance  between  the  piers. 

The  appropriation  of  (12,000  of  June  18, 1878,  will  be  expended  this 
season  in  dredging  and  building  450  feet  of  revetment  on  north  side. 

Hie  balance  remaining  unappropriated,  $60,000,  is  considered  sufficient 
to  complete  all  i>ermanent  improvements  at  this  harbor  under  the  pres- 
ent project.  The  sum  of  (25,000  can  be  profitably  exi>ended  during  the 
fiscal  year  ending  June  30, 1880,  in  extending  the  piers  and  deepening 
the  channel. 
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July  1,  1877,  amoant  available 13)914  92 

Amoont  appropriated  by  act  approved  June  18,  1878 12, 000  00 

$15,914  92 

July  1,  1878,  amount  expended  during  fiscal  year 3,  814  90 

July  1,  1878,  amount  available 12,100  02 

Amount  (estimated)  rea  uired  for  completion  of  existing  project 60, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      25, 000  00 

(See  Appendix  00 11.) 

12.  Improvement  of  Saint  Joseph  Harbor^  Michigan, — ^One  crib  (50  feet) 
was  added  to  the  north  pier,  and  a  portion  of  tMs  pier  leveled  up  and 
refilled  daring  the  year. 

The  water  in  the  channel  holds  to  a  good  depth^  there  being  fix>m  15  to  17 
feet  in  the  best  approaches. 

The  appropriation  of  $12,000  of  June  18, 1878,  will  be  expended  this 
season  in  extending  the  north  pier  100  feet,  and  making  some  necessary 
repairs.  The  existing  project  looks  to  an  extension  of  this  pier.  Of  the 
original  estimate  there  remains  still  to  be  appropriated  the  sum  of 
$4,216.71,  which  can  be  profitably  expended  in  the  fiscal  year  ending 
June  30, 1880^  and  in  addition,  $15,000  will  be  required  for  the  improve- 
ment in  the  nver  at  the  mouth  of  tne  canal  leading  to  Benton  Harbor. 

July  ly  1877,  amount  avaUable |7,007  30 

Amount  appropriated  by  act  approved  June  18, 1878 12 ,000  00 

$19,007  30 

July  1, 1878,  amount  expended  during  fiscal  year 4,947  5S 

July  1,  1878,  amount  available 14,059  78 

Amount  (estimated)  renuired  for  completion  of  existing  project 19, 216  71 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      19, 216  71 

(See  Appendix  0  0  12.) 

EXAMINATIONS  AND  SURVEYS  FOB  IMPBOVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 1878, 
Major  Mansfield  has  been  charged  with  and  is  now  engaged  ux>on  an 
examination  and  survey  of  Portage  LaJce^  Manistee  County.  Michigan^ 
with  a  view  to  its  adaptability  a«  a  harbor  of  refuge^  the  result  of  which 
will  be  duly  submitted  when  received. 

IMPBOVEMENT  OP  SAINT  MART'S  PALLS  CANAL— CONSTBUCTION  OP 
HARBOR  OP  REPUaE  ON  LAKE  HURON— IMPROVEMENT  OP  DETROIT 
RIVER. 

Officer  in  charge,  M%j.  G.  Weitzel,  Corps  of  Engineers,  with  Gapt 
Alexander  Mackenzie,  Gorps  of  Engineers,  under  his  immediate  orders. 

During  the  temporary  absence  of  Major  Weitzel,  from  May  15, 1878, 
these  works  were  under  tlie  charge  of  Gaptam  Mackenzie. 

1.  Improvement  of  Saint  Mary^s  Falls  Ca/nal^  Michigan. — ^During  the 
year,  128,512  cubic  feet  of  cut-stone  have  been  delivered ;  18,683.46  cubic 
yai*ds  of  masonry  laid  in  the  walls ;  6,853  cubic  yards  of  earth  have  been 
placed  behind  tiie  new  lock  walls;  44,727  cubic  yards  of  earth  were 
removed  in  enlarging  the  canal,  and  1,070  linear  feet  of  crib-work  have 
been  placed ;  18,351  barrels  of  cement  have  been  received.  A  shoal  near 
the  upi>er  entrance  to  tlie  canal  has  been  dredged  to  a  depth  of  13  feet. 

For  an  economical  and  rapid  prosecution  of  the  work,  the  officer  in 
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charge  is  of  the  opinion  that  $395,000  should  be  appropriated  for  the 
fiscal  year  ending  June  30, 1880. 

Jnly  1,  1877,  amonnt  available 1419,014  09 

Amount  appropriated  by  act  approved  June  18,  1878 175,  000  00 

1594,  014  09 

July  1,  1878,  amount  expended  daring  fLscsJ  year 249,  345  47 

Jnly  1,  1878,  amount  available 344, 668  62 

Amount  (estimated)  reanired  for  completion  of  existini?  project 395, 000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  J  uue  30, 1880 .      395, 000  00 

(See  Appendix  D  D  1.) 

2.  Cansiructian  of  harbor  of  refuge^  Lake  Hurouj  Michigan, — ^During 
the  past  year  the  superstructure  was  built  over  13  cribs  sunk  in  1876, 
and  5  cribs,  65  by  38  feet,  were  built  and  sunk.  There  are  now  in  place 
4^230  linear  feet  of  crib- work,  and  3,905  linear  feet,  or  nearly  one-half  of 
the  breakwater,  are  completed. 

The  wreck  of  the  schooner  City  of  Buffalo  and  several  dangerous 
bowlders  have  been  removed  from  the  harbor.  During  the  season  637 
boats  made  use  of  the  harbor  of  refuge. 

It  is  estimated  that  $230,000  is  required  to  complete  this  work,  and 
for  the  sake  of  economy  it  is  recommended  by  the  officer  in  charge  that 
this  sum  be  appropriated  for  the  fiscal  year  ending  June  30, 1880. 

July  1,  1877,  amonnt  available $76,325  01 

Amonnt  appropriated  by  act  approved  Jnne  18,  1878 iOO,  000  00 

$176, 325  01 

Jnly  1,  1878,  amonnt  expended  during  fiscal  year 72, 659  66 

Julyl,  1878,  amonnt  available 103,665  35 

Amonnt  (estimated)  required  for  completion  of  existing  project 230, 000  00 

Amonn  t  that  can  be  prontably  expended  in  fiscal  year  ending  Jnne  30, 1880.      230, 000  00 

(See  Appendix  D  D  2.) 

3.  Improvement  of  Detroit  River. — The  funds  for  this  improvement 
having  been  entirely  exhausted,  nothing  was  done  during  the  year. 

It  is  estimated  by  the  officer  in  charge  that  $250,000  will  be  required 
to  complete  this  work,  and  it  is  recommended  that  the  sum  of  $100,000 
be  appropriated  for  the  fiscal  year  ending  June  30,  1880. 

Amonnt  appropriated  by  act  approved  June  18,  1878 $100, 000  00 

Julyl,  1878,  amonnt  available 100,000  00 

Amonnt  (estimated)  reqnired  for  completion  of  existing  project 250,  000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     100, 000  00 

(See  Appendix  D  D  3.) 

SEPAIB  AND  PBESEBYATION  OF  SAINT  CLAIB  PLATS  CANAL— IMPROVE- 
MENT OF  SAGINAW  BIVEB  AND  OP  CEBTAIN  HABBOBS  ON  LAKE 
HUBON, 

Officer  in  charge,  Mjy.  Franklin  Harwood,  Corps  of  Engineers. 

1.  Saint  Glair  Flats  Canal, — ^The  damage  to  the  canal  banks,  mentioned 
in  last  report,  was  repaired  daring  the  summer  and  fall  of  1877  at  a  total 
cost  of  $3,603.55.  The  canal  is  now  in  good  condition.  Minor  repairs 
are  needed  at  the  pier-heads,  for  which  estimate  is  made.  Prosecutions 
against  trespassers  on  the  canal  banks  have  resulted  in  the  vindication 
of  the  law,  and  securing  respect  for  the  authority  of  the  custodian. 
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Julyl,  1877,  ftmonnt  avaiUble i..  $5,883  98 

Amount  appropriated  by  act  approved  June  18, 1878 6, 000  00 

^^— "— — —    910, 883  «R5 

July  1,  1878,  amount  expended  during  fiscal  year 5;  883  98 

Julyl,  1878,  outstanding  Uabilitiea 775  00 

^■^— ^—       6,658  98 

Julyl,  1878,  amount  available 4,225  00 

Amount  (estimated)  required  for  repairs^  &.c 3,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1880.        3, 000  00 

(See  Appendix  E  E  1.) 

2.  Improvement  of  Saint  Clair  River  at  the  mouth  of  Black  River, 
Michigan. — l^o  work  has  been  done  during  the  fiscal  year  for  lack  of 
appropriation.  The  appropriation  for  1878-'79  will  be  used  in  ascer- 
taining the  present  condition  of  the  shoal,  and  removing  it  completely? 
if  possible.  But  if  it  be  found  inadequate,  the  balance  unexpended  will 
be  reserved  to  be  added  to  a  future  appropriation  for  a  complete  removal 
of  the  shoaL  In  this  case  no  work  will  be  attempted  until  a  sufficient 
sum  is  provided  for  the  entire  completion  of  the  existing  project 

Amount  appropriated  by  act  approved  June  18, 1878 $1, 500  00 

July  1,1878,  amount  available 1,500  00 

Amount  (estimated)  required  for  completion  of  eziatiug  project 1, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  1, 500  00 

(See  Appendix  EE  2.) 

3.  Improvement  of  An  Sable  River  Harbor,  Michigan. — ISo  appropria- 
tion  is  asked  for  until  jurisdiction  over  the  river  and  harbor  banks  for 
purposes  of  improvement  can  be  secured  by  the  United  States. 

Julyl,  1877,  amount  available (2,113  49 

July  1,  187B,  amount  expended  during  fiscal  year 1, 493  38 

July  1, 1678,  amount  available •.•.••.••• ••.. •••••        680  11 

(See  Appendix  E  E  3.) 

4.  Improvement  of  Saginaw  River,  Michigan. — ^The  project  of  last  year, 
as  stated  in  the  annual  report,  was  fulfilled  and  the  Garollton  Bar  revet- 
ment connected  with  the  main  land  at  both  extremities.  A  portion  of 
the  work,  still  incomplete,  wiU  be  finished  during  the  present  working 
season.  A  section  of  the  revetment,  burnt  by  fire,  caught  from  the 
sparks  of  a  passing  steamer,  will  be  renewed,  and  the  revetment  sheathed 
on  its  river  face  to  prevent  the  recurrence  of  a  like  disaster.  It  is  ex- 
pected to  complete  the  Garrollton  revetment  and  channel  100  feet  wide 
and  10  feet  deep  during  the  present  working  season. 

Julyl,  1877,  amount  available $10,403  01 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

135, 402  01 

July  1,  1878,  amount  expended  during  fiscal  year 10, 402  01 

Julyl,  1878,  amount  available 25,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enmng  June  30, 1880 .    25, 000  00 

(See  Appendix  E  B  4.) 

5.  Improvement  of  Alpena  Harbor,  Michigan. — ^The  work  as  projected 
last  year  was  completed  by  contract  labor,  and  the  harbor  is  now  in  good 
condition.    No  further  appropriation  is  required. 

Julyl,  1877,  amount  available • |4,600  00 

July  1, 1878,  amount  expended  during  fiscal  year 3,935  36 

Julyl,  1878,  amount  available 564  64 

(See  Appendix  E  E  5.) 


Digitized  by  VjOOQIC 


BBPORT  OF  THE  CHIEF  OF  ENQINEEB0.  127 

6.  Improvement  of  Chd)oyganSarbor.  Michigan* — ^Byuseof  two  dredges, 
hired  under  contract,  the  channel  of  entrance  was  widened  from  150 
to  175  feet,  and  a  width  of  over  200  feet  attained  abreast  of  the  steam- 
boat landings,  all  with  a  clear  depth  of  13  feet  of  water^  low  stage.  Pro- 
pellers, not  exceeding  225  feet  in  length  and  12}  feet  m  draft,  can  now 
finely  enter,  turn,  and  depart. 

The  $8,000  appropriated  by  act  approved  June  18, 1878,  will  be  ex- 
pended under  contract  during  the  present  working  season  in  widening 
the  exterior  chamiel  to  175  feet.  Twelve  thousand  doUars  in  addition  is 
asked  for  to  complete  the  project. 

July  1,  1877,  amount  aTailable (9,920  77 

Amount  appropriated  by  act  iq>proYed  June  18, 1878 8, 000  00 

|17, 920  77 

July  ly  1878,  amount  expfoded  during  fiscal  year 9, 920  77 

July  1,  1878,  amount  aTailable 8,000  00 

Amount  (eetimated)  reauired  for  completion  of  existing  project 12, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      12, 000  00 

(See  Appendix  EE  6.) 

IMPBOT£MENT  OF  HABBOBS  ON  LAES  XBIE,  WEST  OF  OLBYELAND. 

OfiBcer  in  charge,  Lieut.  Col.  N.  Michler,  Corps  of  Engineers. 

1.  Improvement  of  Monroe  Harbor j  Michigan. — ^Work  was  continued 
during  the  first  three  months  of  the  fiscal  year,  until  the  appropriation 
became  exhausted.  Along  tiie  south  side  of  the  canal  1,425  linear  feet 
of  revetment,  and  on  the  north  side  100  feet,  were  renewed.  There  were 
also  completed  380  feet  of  extension  of  the  revetment  on  the  north  side. 
Some  slight  repairs  to  the  crib-work  of  the  piers  were  made.  There  still 
remains  to  be  renewed  about  1,500  feet  of  revetment  on  the  sides  of 
the  Unit^  States  Ship-canal,  and  1,750  of  the  Monroe  City  Canal. 

July  1, 1877,  amount  available $4,492  44 

Amount  appropriated  by  act  approved  June  18,  1878 2, 500  00 

16,992  44 

July  1, 1878,  amount  expended  during  fiscal  year 4, 481  74 

July  1,  1878,  outstanding  liabUities 10  70 

4, 492  44 

JoJy  1, 1878,  amount  available 2, 500  00 

Amount  (estimated)  reouired  for  completion  of  existing  project 7, 500  00 

Amount  tiiat  can  be  profitably  expended  in  fiscal  year  enoing  June  30, 1880 .        7, 500  00 

(See  Appendix  F  F  1.) 

2.  Improvement  of  Toledo  Harbor j  Ohio. — ^The  work  of  dredging  the 
natural  channel  through  Maumee  Bay,  between  Point  Presqu'ile  at  tlie 
mouth  of  the  Maumee  Biver,  to  the  curve  of  15  feet  in  the  lake,  was 
oontinued  during  the  fiscal  year  in  accordance  with  the  plan  recom- 
mended by  the  Board  of  Engineers,  and  adopted  in  January,  1873.  The 
dredging  was  principally  confined  to  widening  and  deepening  the  inner, 
mid^e,  and  outer  ranges,  the  southwest  and  south  reaches,  and  the  outer 
reach  or  outer  bar.  The  elbows  or  curves  were  also  widened  and  deep- 
ened. The  two  contracts  by  which  the  work  was  executed  expired  during 
tiie  year,  the  appropriation  having  been  expended ;  the  aggregate  num- 
ber of  cubic  yards  displaced  under  them  was  345,858,  at  a  cost,  including 
dredging  and  all  incidental  expenses,  $59,623.85.  The  projected  dimen- 
sions  of  the  cliann^  are  250  feet  in  width  at  top,  200  at  bottom,  and  15 
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feet  in  depth  at  average  low-water  mark.    The  work  of  dredging  wiU 
be  continued  during  the  present  fiscal  year. 

July  1,  1677,  amount  available $50,769  35 

Amount  appropriated  by  act  approved  June  18,  1878 50, 000  00 

: $100,769  35 

July  1,  1878,  amount  expended  during  fiscsJ  year 50,393  00 

July  1,  1878,  amount  available 50,  376  35 

Amount  (estimated)  required  for  completion  of  existing  project 30, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  endmg  June  30;  1880 .      30, 000  00 

(See  Appendix  FF  2.) 

3.  Improvement  of  Port  Clinton  Harbor ,  Ohio. — ^During  the  months  of 
July  and  August  of  the  fiscal  year  the  construction  of  the  east  revet- 
ment to  the  canal  or  artificial  harbor,  which  extends  fix)m  the  mouth  of 
Portage  River,  was  continued  until  the  appropriation  was  expended. 
In  all  650  linear  feet  of  revetment  were  built,  and  355  additional  are  still 
required.  Beyond  the  bulkheads  at  the  ends  of  the  revetments  two 
parallel  piers  of  crib- work  will  be  built  out  into  the  lake  for  an  average 
length  of  1,200  feet  each,  until  the  curve  of  10  feet  is  reached.  A  narrow 
channel-way  will  be  partially  dredged  between  the  piers  throughout  the 
entire  length,  when  it  is  exi)ected  that  the  strong  current  of  the  river 
will  open  a  channel  of  suitable  dimensions  to  answer  the  wants  of  com- 
merce. 

July  1,  1877,  amount  available $4,929  93 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$14,929  93 

July  1,  1878,  amount  expended  during  fiscal  year 4, 913  83 

July  1,  1878,  outstanding  liabilities 7  67 

4,921  60 

July  1,  1878,  amount  available , 10,008  43 

Amount  (estimated)  required  for  completion  of  existing  project 65, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      65, 000  00 

(See  Appendix  FF  3.) 

4.  Improvement  of  Sandusky  City  Harbor j  Ohio. — ^During  the  fiscal  year 
the  work  of  dredging  the  west  or  main  channel  through  Sandusky  Bay 
was  continued  5  it  was  confined,  principally,  to  the  outer  reach,  or  outer 
bar,  near  Cedar  Point,  the  cut  through  which  was  only  partially  com- 
pleted; also  to  the  east  and  west  range,  and  the  north  and  south  range, 
and  the  widening  of  the  elbows  connecting;  thus  making  a  clear  channel- 
way  between  the  15-foot  curve  of  the  lake  and  the  12-foot  curve  of  the 
bay.    Several  cuts  were  also  made  along  the  last  reach  toward  tiie  city. 

The  work  was  done  under  two  contracts,  one  of  which  was  closed 
during  the  year.  The  whole  amount  dredged  under  both  contracts  from 
the  commencement  of  the  work  imtil  the  end  of  the  last  fiscal  year 
amounted  to  145,421  cubic  yards,  at  a  cost  of  $22,094.90.  The  dredging 
during  the  present  year  will  be  confined  to  the  ^^Illuminated  Clock'' 
range  and  to  the  completion  of  the  cut  through  the  outer  bar. 

July  1,  1877,  amount  available $21,771  91 

Amount  appropriated  by  act  approved  June  18,  1878 20, 000  00 

■ 141,77191 

July  1,  1878,  amount  expended  during  fiscal  year 16, 616  76 

July  1,  1878,  outstanding  liabilities 2,250  05 

'  18, 866  81 

Julyl,  1878,  amount  available « 22,905  10 

mount  (estimated)  required : 
mount  that  can  be  profitably 

(See  Appendix  FF  4.) 


Amount  (estimated)  required  for  completion  of  existing  project 1, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1880.        1, 000  00 
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5.  Improvement  of  Suron  Sarbor J  Ohio, — ^During  the  last  fiscal  year  no 
work  was  accompfished,  as  no  money  was  available  for  the  piiri>ose. 
Some  repaii"8  Moll  be  made  to  the  piers  in  the  course  of  the  present  year, 
a  small  appropriation  having  been  made  to  meet  the  expense. 

July  1,  1877,  amount  available $189  17 

Amount  appropriated  by  act  approved  June  18,  1878 1,000  00 

$1, 189  17 

July  1,  1878,  amount  available 1,189  17 

(See  Appendix  F  F  5.) 

6.  Improvement  of  VerimUion  Harbor^  Ohio. — ^During  tlie  fiscal  year 
some  needed  improvements  and  repairs  were  made  to  the  piers,  and 
careful  somidings  made  to  ascertain  the  cost  of  blasting  and  removal  of 
the  rock  and  dredging  tlie  sand  and  gravel  from  the  canal  or  artificial 
harlxir.  During  the  present  season  it  is  proposed  to  open  a  channel- 
way  60  feet  in  width  with  a  depth  of  13  feet  at  average  low  stage  of 
water.  The  amount  of  funds  available  is  deemed  suflBcient  for  the  pur- 
pose.   Some  slight  repairs  to  piers  are  still  needed. 

July  1,  1877,  amount  available $4,113  85 

Amount  ajipropriated  by  act  approved  June  18,  1878 4, 000  00 

$8, 113  85 

July  1,  1878,  amount  expended  during  fiscal  year 1,074  35 

July  1,  1878,  amount  available 7,039  50 

(See  Appendix  FF  6.) 

7.  Improrement  of  BhicJc  River  Harhor^  Ohio, — ^No  work  was  accom- 
plished during  the  last  fiscal  year  for  want  of  funds.  With  the  small 
appropriation  of  June  18,  1878,  the  damage  to  the  east  pier,  caused  by 
a  passing  vessel,  will  be  rei)aired,  and  several  other  slight  repaii-s  will 
receive  attention. 

July  1,  1877,  amount  available $52  89 

Amount  appropriated  by  act  approved  June  IH,  1878 1,  000  00 

$1,  052  89 

July  I,  1878,  amonnt  expended  during  fiscal  year 43  04 

Julv  1,  1878,  outstanding  liabilities *. 9  85 

52  89 

July  1,  1878,  amount  available 1,000  00 

(See  Appendix  FF  7.) 


ON  LAKE  ONTARIO  AND  THE  RIVER  SAINT  LAWRENCE. 

Officer  in  charge,  Maj.  Walter  McFarland,  Corps  of  Engineers,  with 
Cajit,  M.  B.  Adams,  Coii)s  of  Engineers,  under  his  immediate  orders. 

The  harlwrs  on  Lake  Erie  were  in  charge  of  Lieut.  Col.  C.  E.  Blunt, 
Corps  of  Engineers,  until  January  1^  1878. 

1.  Can^tru^ftion  of  breakieater  at  Cleveland^  Ohio. — ^The  substructure 
of  this  breakwater  ha^  been  extended,  under  contract,  300  feet,  by  the 
addition  of  6  cribs,  each  50  feet  long,  resting  upon  a  riprap  foundation. 
By  the  close  of  the  season  this  will  l>e  farther  extended  under  the  old 
appropriation  100  feet  and  the  superstructure  will  be  added,  making 
the  length  of  the  completed  work  1,217  feet. 

Under  the  new  appi'opriation  it  is  expected  that  a  further  extension 
of  1,000  feet  will  be  secured. 

9  £ 
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July  1,  1877,  amount  available |35,273  28 

Amouut  appropriated  by  act  approved  June  18,  1878 100, 000  00 

$135,273  28 

July  1,  1878,  amount  expended  during  fiscal  year 6,782  50 

July  1,  1878,  outstanding  liabilities T 6. 405  02 

13, 187  52 

Julyl,  1878,  amount  available 122,085  76 

Amount  (estimated)  required  for  completion  of  existing  prmect 1, 600,000  00 

AmouB  t  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      300, 000  00 

(See  Appendix  G  G  1.) 

2.  Repairs  of  east  pier  at  Cleveland^  Ohio. — The  balance  of  the  appro- 
priation of  August  14, 187G,  was  applied  to  the  completion  of  the  pile- 
protection  begun  in  April,  1877,  in  front  of  that  part  of  the  east  pier  occu- 
pied by  the  Cleveland  and  Pittsburgh  Railroad  Comj)any. 

As  tliis  conii)toy  is  now  responsible  for  the  care  of  this  part  of  the 
pier,  no  further  appropriation  for  it  will  be  needed. 

July  1,  1877,  amount  available $3,504  25 

July  1,  1878,  amount  expended  during  fiscal  year 3, 504  25 

(See  Appendix  G  G  2.) 

3.  Improvement  of  Fairport  Harbor^  Ohio. — ^Nothing  has  been  done 
here  during  the  year,  there  being  no  appropriation  available. 

The  appropriation  of  $5,0()0,  made  by  act  ai)i>roved  June  18, 1878,  will 
be  applied  to  necessary  repairs  of  piers  and  dredging. 

July  1,  1877,  amount  available $5  48 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 

$5,005  48 

July  1, 1878,  amount  expended  during  fiscal  year 5  48 

July  1, 1878,  amount  available 5,000  00 

(See  Appendix  G  G  3.) 

4.  Improvement  of  Ashtabula  Harbor^  Ohio. — ^The  west  pier  was  re- 
paired and  extended  40  feet  under  the  balance  of  the  appropriation  of 
August  14,  187G. 

The  $12,000  appropriated  by  act  of  June  18, 1878,  will  be  applied  to 
the  extension  of  the  east  pier,  bringing  its  head  abreast  of  the  head  of 
the  west  pier. 

July  1,  1877,  amount  available $6,584  16 

Amount  appropriated  by  act  approved  June  18,  1878 12,  000  00 

$18,584  11) 

July  1,  1878,  amount  expended  during  fiscal  year 4,597  01 

July  1,  1878,  amount  available 13,987  15 

Amount  (estimated)  required  for  completion  of  existing  project 18, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       18, 000  00 

(See  Appendix  G  G  4.) 

6.  Improvement  of  Conneaut  Harbor^  Ohio. — Nothing  has  been  done 
here  during  the  past  year.  The  harbor  is  in  good  condition  and  requires 
no  additional  appropriation  for  the  present. 

July  1,  1877,  amount  available |53  50 

July  1,  1878,  amount  available 53  50 

(See  Appendix  G  G  5.) 

6.  Improvement  of  Erie  Harbor^  Pennsylvania. — ^The  catch-sand  fence 
at  the  neck  of  the  peninsula  was  extended  500  feet. 
A  length  of  300  feet  of  the  superstructure  of  the  north  pier  was  rebuilt 
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and  the  channel  was  dredged  for  850  hours,  or  85  days  of  10  hours  each, 
30,000  cubic  yards  being  the  estimated  amount  of  material  removed. 

The  appropriation  of  June  18, 1878,  will  be  applied  to  a  continuation 
of  this  same  work. 

Jaly  1,  1877,  amount  available $28,521  86 

Amomit  appropriated  by  act  approved  Jane  18,  1878 25,  000  00 

153, 621  86 

July  1,  1878,  amount  expended  during  fiscal  year 12, 270  65 

July  1,  1878,  outstanding  liabilities 461  57 

12, 732  22 

»■ 
July  1,  1S78;  amount  available *-... 40,789  64 

Amount  (estimated)  required  for  completion  of  existing  project 94,  (K>0  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juno  30, 1880.      40, 000  00 

(See  Appendix  G GO.) 

7-  Improvmieiit  of  DunkirJc  Harbor^  Kew  YorJc. — ^During  the  year  the 
breakwater  has  been  extended  eastwardly  251  feet,  which  nearly  ex- 
hausted the  appropriation  of  August  14,  1876.  The  balance  remaining 
will  be  applied  to  the  repair  of  the  west  pier. 

To  complete  the  scheme  for  the  imi)rovement  of  this  harbor  would 
require  the  extension  of  this  breiikwater  2,500  feet  farther,  at  an  esti- 
mated cost  of  $162,0Q0. 

There  ai>pears  to  be  no  immediate  necessity  for  the  construction  of 
more  than  one-fifth  of  this,  the  estimated  cost  of  which  is  $31,000. 

July  1,  1877,  amount  available |15, 704  62 

July  1,  1878,  amount  expended  during  fiscal  year $8, 175  51 

July  1,  1878,  outstanding  liabilities 5,028  55 

13, 204  06 

July  1,1878,  amount  available 2,500  56 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    31, 000  00 
(See  Appendix  G  G  7.) 

2.  Improvement  of  Buffalo  Harbor^  Neic  Yorlx. — The  breakwater  has 
been  extended  southerly  150  feet,  a  part  of  the  superstructure,  however, 
not  l)eing  finished  at  the  close  of  the  fiscal  year. 

The  total  length  of  breakwater  now  constructed  is  3,074  feet. 

The  $80,000  appropriated  by  act  ai>proved  June  18, 1878,  will  permit 
a  further  extension  of  about  350  feet. 

July  1,  1877,  amount  available 936,522  37 

Amount  appropriated  by  act  approved  June  18,  1878 80,  000  00 

$116,  522  37 

July  1,  1878,  amount  expended  duriug  fiscal  year 12,  829  91 

Julv  1,  1878,  outstanding  liabilities 11,579  45 

24,  409  36 

"* 
July  1,  1878,  amount  available 92,113  01 

Amount  (estimated)  required  for  completion  of  existing  project 1, 735,  000  00 

Amount  that  can  be  profitably  exi)ended  in  fiscal  year  encling  June  30, 1880 .      300,  000  00 

(See  Api)endix,  G  G  8.) 

9.  Improvement  of  WiUon  Harbor ^  Kew  Yorlc, — ^That  part  of  the  west 
pier,  120  feet  in  length,  which  was  breached  by  the  sea  last  year,  has 
been  rebuHtj  and  the  channel  betAveen  the  piers  has  been  dredged  out 
to  a  depth  of  9  feet,  14,302  cubic  yards  of  sand  being  removed. 

The  scheme  for  tne  improvement  of  this  harbor  provides  for  the  ex- 
tension  of  the  piers  to  the  12-foot  curve,  and  the  deepening  of  the  chan- 
Deltol2  feet,  at  an  estimated  cost  of  $80,000.    There  appears  to  be  no 
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immediate  necessity  for  this,  however,  and  no  further  appropriation  is 
now  asked  for. 

July  1,  1877,  amount  available flO,  018  45 

July  1,  1878,  aniouut  expended  during  fiscal  year |5, 171  16 

July  1,  1878,  outstanding  liabilities 1 1,  418  56 

6,  589  72 

July  1,  1878,  amount  available 3,428  73 

Amount  (estimated)  required  for  completion  of  existing  project 80, 000  00 

(See  Appendix  G  G  9.) 

10.  Improvement  of  Olcott  Harbor ,  New  York. — ^Nothing  has  been  done 
liere  during  the  year,  the  appropriation  of  March  3,  1875,  being  essen- 
tially exhausted. 

The  scheme  for  the  improvement  of  this  harbor  provides  for  the  exten- 
sion of  the  piers  100  feet  farther  and  some  channel  work,  at  an  estimated 
cost  of  $10,000  which  can  be  profitably  expended  in  the  coming  year. 

July  1,  1877,  amount  available $63  20 

July  1,  1878,  amount  exjwnded  dui*ing  fiscal  year 63  20 

Amount  (estimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  10, 000  00 

(See  Appendix  GG  10.) 

11.  Improvement  of  Oak  Orchard  Harbor^  Netc  TorJc. — Extensive  repairs 
have  been  made  in  the  west  i:)ier,  which  had  settled  in  several  places, 
and  a  breach  formed  at  the  inner  end  of  the  east  pier  has  been  paitly 
closed  by  crib-work. 

Tlie  appropriation  of  June  18, 1878,  will  be  applied  to  the  completion 
of  these  rei^airs, 

.July  1,  1877,  amount  available : $2, 001  52 

Amount  appropriated  by  act  approved  June  18,  1878 2, 000  00 

— ^ $4,001  52 

July  1,  1878,  amount  expended  during  fiscal  year 1, 574  86 

July  1,  1878,  amount  available 2,426  66 

Amount  (estimated)  required  for  completion  of  existing  project 2, 000  00 

Amount  that  can  be  i)rofitably  expended  In  fiscal  year  ending  June^SO,  1880.     2, 000  00 

(See  Api>endix  GG  11.) 

12.  Improvement  of  Charlotte  Harbor^  New  YorJc. — ^Nothing  has  been 
done  here  during  the  year,  there  being  no  money  available. 

The  appropriation  of  June  18, 1878,  will  be  applied  to  the  repair  of 
the  piers. 

The  improvement  of  this  harbor  as  far  as  designed  has  been  com- 
l)leted. 

July  1,  1877,  amount  available $22  54 

Amount  appropriated  by  act  approved  June  18,  1878 1, 000  00 

11,022  54 

July  1,  1878,  amount  expended  during  fiscal  year 22  54 

July  1,  1878,  amount  available 1,000  00 

Amount  that  can  be  x>rofitably  expended  in  fiscal  year  ending  June  30, 1880.     1, 000  00 
(See  Appendix  G  G  12.) 

13.  Improvement  of  Pultneyville  Harbor^  New  York. — ^The  east  pier  has 
been  extended  shoreward  90  feet. 

The  shore  end  of  the  west  pier  has  been  rebuilt  for  150  feet  and  the 
outer  ends  of  both  piers  have  been  repaired. 
The  appropriation  of  June  18,  1878,  will  be  applied  to  closing  the 
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opening  between  the  shore  and  the  inner  end  of  the  east  pier,  and  further 
repairs. 

July  1,  1877,  amount  avaUable $3,039  44 

Amouut  appropriated  by  act  approved  June  18,  1878 5, 000  00 

$8, 039  44 

July  1, 1878,  amount  exi>6nded  during  fiscal  year 2,415  93 

July  1,  1878,  amount  available 5,623  51 

Amount  (estimated)  required  for  completion  of  existing  project 13,  000  00 

Amouut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  13, 000  00 

(See  Appendix  G  G  13.) 

14.  Improvement  of  Great  Sodiut  Harbor^  Xew  York, — ^The  west  pier 
was  extensively  repaired  and  200  feet  of  the  inner  end  of  it  was  rebuilt. 

A  sand-catch  fence  250  feet  in  length  was  built  to  prevent  the  beach 
8an<l  from  blowing  into  the  channel. 

The  appropriation  of  June  18, 1878,  will  be  applied  to  completing  the 
repairs  and  to  dredging  the  channel. 

July  1,  1877,  amount  available $6,472  09 

Amount  appropriated  by  act  approved  June  18,  1878 5,  000  00 

■ $11,472  09 

July  1,  1878,  amount  expended  during  fiscal  year 3,  571  23 

July  1,  1878,  amount  available 7,900  86 

Amount  (estimated)  required  for  completion  of  existing  project 5,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  euaing  June  30, 1880.      5, 000  00 

(See  Appendix  G  G  14.) 

15.  Improvement  of  Little  Sodm  Harbor ^  N'ew  York. — The  inner  end  of 
the  east  pier  has  been  extended  landward  150  feet,  and  parts  of  the 
snxMjrstructure  of  the  west  pier,  amounting  iu  all  to  350  feet  in  length, 
have  been  partly  rebuilt  and  leveled  up. 

The  appropriation  of  June  18, 1878,  will  be  applied  to  further  repairs 
of  these  piers  and  to  dredging  the  channel. 

July  1,  1877,  amount  available $5,856  57 

Amount  appropriated  bv  act  approved  June  18,  1878 10,  000  00 

«15,  856  57 

July  1,  1878,  amount  expended  during  fiscal  year 3,911  40 

July  1,  1878,  amount  available 11,945  17 

Amount  (estimated)  required  for  completion  of  existing  project 7,  0(K)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      7,  000  00 

(See  Appendix  G  G  15.) 

16.  Improvement  of  Oswego  Harbor j  Yetv  York. — Tlie  new  breakwater 
has  been  extended  423  feet,  which  makes  itvS  present  length  4,110  feet. 

Iiei>air8  to  the  amount  of  $3,o0()  have  been  made  to  tlie  olcler  part«  of 
this  straetiire  where  settlement  had  taken  place,  and  repairs  to  the 
amount  of  $3,000  have  been  made  to  the  old  breakwater. 

Tlie  appropriation  of  $90,000  mtule  for  this  improvement  by  act  of 
Congress  approved  June  18,  1878,  will,  besides  the  usual  repairs,  permit 
an  extension  of  the  breakwater  of  between  600  and  700  feet. 

July  1,  li?77,  amount  available $58,470  01 

Amount  appropriated  by  act  approved  June  18,  1878 90,  000  00 

*^*  1148,  470  01 

July  1, 1878,  amount  expended  during  fiscal  year 53, 407  11 

Jolyl,  1878,  amonnt  available 05,002  90 

Amount  (eatimated)  rennired  for  completion  of  existing  project 467, 000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     300, 000  00 

(See  Appendix  G  G  16.) 
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17.  Improvement  of  Ogdenshurg  Harbor^  JSTew  Tark, — ^Nothing  has  been 
expended  here,  there  being  no  funds  available. 

The  scheme  for  the  improvement  of  this  harbor  provided  for  a  pile 
I)rotection  to  the  channel  at  an  estimated  cost  of  $70,000. 

There  appears  to  be  no  present  necessity  for  the  construction  of  this 
wDrk,  and  no  appropriation  is  therefore  asked  for  it. 

July  1,  1877,  amoant  available J15  08 

December  ll,  1877,  amount  allotted  firom  appropriation  for  "repairs 

of  harbors  ou  Northern  Lakes'' 5  56 

ISO  64 

July  1,  1878,  amount  expended  during  fiscal  year 20  64 

Amount  (estimated)  required  for  completion  of  existing  project 70,  000  00 

(See  Appendix  G  G  17.) 

18.  Improvement  of  Waddington  Sarbor,  N^eic  Yorh — ^Nothing  has  been 
done  here  dnring  the  year,  there  being  no  funds  available. 

The  ajiproimation  of  $5,000  made  by  act  of  Congress  approved  June 
18,  1878,  will  be  applied  to  channel-work. 

Amount  appropriated  by  act  approved  June  18,  1878 $5,  000  00 

July  1,  1878,  amount  available 5,000  00 

(See  Appendix  G  G  18.) 

PACIFIC    COAST. 

mPROVEMENT  OP  OAKLAND  AND  WILMINaTON  HABBOBS  AND   OF  THE 
SACBAMENTO  AND  FEATHEB  BIVEBS,  CALIFOBNIA. 

Officer  in  charge,  Maj.  G.  H.  Mendell,  Corjjs  of  Engineers. 

1.  Improvement  of  Oakland  Harbor ^  California, — ^The  north  jetty  wa« 
extended  during  the  year  for  a  distance  of  540  feet  and  the  sonth  jetty 
a  distance  of  9G0  feet.  The  lengths  of  the  jetties  north  and  south  are, 
respectively,  9,500  feet  and  12,000  feet.  The  stone  consumed  by  the 
operations  of  the  year  amounted  to  25,162  tons. 

The  jetties  are  as  yet  in  an  unfinished  state  and  will  require  to  be 
raised  several  feet. 

The  dredging  of  a  channel  between  the  jetties  was  in  progress  at  the 
beginning  of  the  fiscal  year  and  has  l)een  comi)leted.  The  amount  of 
dredging  done  in  the  year  was  13,420  cubic  yards.  The  comi)leted 
channel  was  200  feet  in  width  and  10  feet  in  depth. 

A  recent  examination  showed  that  the  width  and  depth  in  the  upper 
part  of  the  channel  were  more  than  maintained,  and  that  this  part  is 
gradually  acquiring  the  ftiU  dimensions  due  to  the  volume  of  tidal  water 
which  ebbs  and  flows  into  the  estuary. 

In  the  lower  part  of  the  channel,  on  the  other  hand,  there  has  been  a 
slight  decreiise  in  the  cross-section  of  the  channel,  not  enough  to  aftect 
the  navigation  sensibly,  but  enough  to  indicate  that  the  volume  of 
water  now  passing  betwex^n  the  jetties  in  their  lower  part  is  hanUy  suffi- 
cient to  maintain  the  existing  cross-section. 

The  operations  of  the  coming  year  will  in  part  be  directed  to  raising 
the  jetties  several  feet,  which  will  counteract  any  tendency  that  exists  to 
lessen  tlie  sectional  area  of  the  channel. 

It  is  ]K)ssible  that  the  commerce  and  travel  in  the  harbor,  which  have 
in(»ix»ased  remarkably,  may  require  the  channel  to  be  widened  to  300 
isii^X,  If  this  shall  be  the  case,  the  dredging  ought  not  to  be  undertaken 
until  the  raising  of  the  walls  is  in  progress. 
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July  1,  1877,  amount  available |62,965  24 

Amunut  appropriated  by  act  approved  June  18,  1878 80,  000  00 

8142,  965  24 

July  1,  1878,  amount  expended  during  fiscal  year 43,  322  43 

July  1,  1878,  amount  available 99,642  81 

Amount  (estimated)  required  for  completion  of  existing  project 9H0,  435  20 

Amount  that  can  be  profitably  expended  in  fiscal  j'ear  endiug  June  30, 1880.     200,  000  00 

(See  Appendix  H  H  1.) 

2.  Improvemait  of  Wilmington  Harbor^  California, — ^The  works  and 
public  property  were  under  tlie  charge  of  a  keeper  tliroughout  the  year, 
all  opemtions  being  suspended  for  want  of  funds.  There  has  been  an 
improvement  of  1  foot  in  the  depth  of  tbe  channel,  so  that  now  tliere  is 
a  depth  of  9  feet  at  mean  low-water,  where  there  was  but  8  a  year  ago. 

A  i>ortiou  of  the  timber-work,  330  feet  in  length,  has  been  seriously 
injured  by  the  Teredo  navalia^  and  will  require  protection  dimiig  the  com- 
ing year.  The  stone  jetties  at  the  entrance  of  the  harbor  have  been 
flattened  by  the  action  of  the  sea,  and  will  need  to  be  raised  2  or  3  feet. 
The  outer  end  of  the  west  jetty  was  injured  by  the  storms  of  the  past 
winter,  which  were  unusually  severe.  Otherwise,  no  injury  which  will 
not  right  itself  w^as  done. 

The  sand  has  increased  in  height  at  the  upper  end  of  the  work  and  has 
become  more  stable  under  the  protection  of  a  sand  plant  which  was 
sown  and  grew  very  well. 

Farther  out  there  has  been  no  increase  in  sand,  and  in  some  places 
rather  a  loss. 

Tlie  funds  available  for  the  operations  of  the  coming  year,  $20,000,  will 
be  expended  in  stone  to  be  placed  on  lines  of  the  work,  and  will  prob- 
ably be  expended  before  the  expiration  of  tlie  year  1878.  The  estimate 
for  the  completion  of  the  work  is  $80,000,  which  the  officer  in  charge 
suggests  should  be  given  in  two  successive  appropriations. 

July  1,  1877,  amount  available $943  42 

Amount  appropriated  by  act  approved  June  18,  1878 20,  000  00 

$20, 943  42 

July  1,  1 878,  amount  expended  during  fiscal  year 943  42 

July  1,  1878,  amount  available    20,000  00 

Amount  (e^stimated)  required  for  completion  of  existing  project 80,  (HX)  00 

Amount  that  can  l>e  profitably  expended  in  fiscal  yeareiidiug  June30, 1880.       40,  000  00 

(See  Appendix  H  H  2.)  ' 

3.  Improvement  of  Sacramento  and  Feather  Rivera^  California, — The 
Sacramento  has  a  navigable  channel  210  miles  in  length.  The  ui)per  60 
miles  Ls  very  much  obstructed  by  snags  which  iire  annually  thrown  into 
the  river  by  freshets.  The  low^er  pait  of  the  river  has  a  few  snags,  but 
it  has  shoals  which  are  a  great  obstniction. . 

The  Feather  River  has  a  navigable  length  of  about  35  miles ;  it  con- 
tains some  snags,  but  not  many.  The  obstruction  to  navigation  is  liere 
due  to  shoals.  The  difficulties  are  easily  removed,  but  the  cure  is  not 
permanent.     It  has  a  small  trade. 

The  appropriation  made  in  1875  of  $15,000  was  expended,  a 
exception  of  a  small  remainder  on  the  upper  60  miles  of  the  Sacramento 
and  on  the  Feather,  and  it  is  proposed  to  devote  the  greater  part  of  the 
ftiiids  now  available  to  the  same  objects.  The  Lower  Sacramento  has 
not  yet  received  attention.  It  needs  it  in  the  shape  of  a  survey  first, 
and  of  improvement  of  its  shoals  if  this  shall  appear  to  be  practicable. 

The  Sacramento  and  Feather  Elvers  were  both  examined  in  the  spring 
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in  reference  to  the  expenditure  of  available  funds  in  the  present  season. 
These  funds  will  be  mainly  expended  during  the  summer. 

The  appropriation  of  1875,  which  was  $15,000,  was  the  first  ever  made 
for  these  rivers,  and  that  of  1878  is  the  second.  The  total  amount  thus 
far  appropriated  is  $30,000. 

July  1,  1877,  amount  available |243  25 

Amouut  apx)roi)riated  by  act  approved  June  18,  1878 15, 000  00 

$15, 243  25 

July  1,  1878,  amount  expended  during  fiscal  year 59  40 

July  1,  1878,  amount  available 15, 183  85 

Amount  that  can  be  profitably  expended  in  fincal  year  ending  June  30, 1880 .       20, 000  00 

(See  Appendix  H  H  3.) 

EXAMINATIONS  AND  SURVEYS  FOR  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Lieut.  Col.  B.  S.  Alexander,  Cori)s  of  Engineers,  has  been  charged 
with  and  is  now  engaged  upon  examinations  and  surveys  at  the  follow- 
ing localities,  the  results  of  which  will  be  duly  submitted  when  received: 

1.  Crescent  City  Harbor^  Californm,  with  a  view  to  its  adaptahility  as  a 
harbor  of  refuge, 

2.  Humboldt  Biver,  California,  with  a  view  to  its  adaptability  as  a  harbor 
of  refuge. 

IMPROVEMENT  OF  THE  HARBOR  AT  SAN  DIEGO — ^IMPROVEMENT  OF  SAN 
JOAQUIN  RIVER,  CALIFORNIA. 

Officer  in  charge,  Lieut.  Col.  C.  S.  Stewart,  Corps  of  Engineers. 

1.  Improvement  of  harbor  at  San  Diego j  California. — ^Owing  to  a  cloud- 
l)urst  on  October  14,  1877,  some  damage  was  done  to  the  earthen  levee, 
which  was  repaired  before  winter  set  in.  The  rains  of  the  wet  season 
have  made  a  few  holes  in  this  embankment  to  be  repaired  during  this 
autumn.  The  approi>riation  for  this  work  is  about  exhausted,  and  the 
money  on  hand  will  be  expended  on  repairs  referred  to  above.  A  new 
appropriation  for  yearly  repairs  is  needed.  These  may  probably  cost 
from  $200  to  $300  after  each  wet  season. 

July  1,  1877,  amount  available $201  74 

July  1,  1878,  amount  expended  during  fiscal  year 1.33  52 

July  1,  1878,  amount  available 68  22 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880, 
and  succeeding  years,  for  repairs * 1,000  00 

(See  Ai)pendix  1 1 1.)        - 

2.  Improvement  of  San  Joaqxvin  River,  California. — ^During  August 
and  September,  1877,  a  survey  was  made  of  tliis  river  below  Stockton. 
In  December  a  contract  to  remove  portions  of  a  point  at  the  outlet  of 
Burns's  Cut-off  and  at  the  Devil's  Elbow  and  to  dredge  certain  shoals  in 
the  narrows  was  entered  into,  and  the  work  l>egun  on  December  27, 1877, 
and  finished  April  17, 1878.  Total  amount  of  material  removed,  23,013 
cubic  yards.  The  plan  of  improvement  adopted  is  completed.  It  is 
proposed  to  make  a  resurvey  with  funds  on  hand  during  the  coming 
fiscal  year. 
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July  1, 1W7,  amount  available |19,923  20 

July  1,  1878,  amoaut  expended  daring  fiscal  year 19,363  29 

July  1, 1878,  amount  available 629  91 

(See  Appendix  1 1  2.) 

EXAMTNATIONS  AND  STJBYEYS  FOB  IMPBOVEMENT. 

To  comply  witli  the  provisions  of  the  river  and  harbor  act,  June  18, 
1878,  Lieutenant-Colonel  Stewart  has  been  charged  with  and  is  now 
engaged  upon  examinations  and  surveys  at  the  following  localities,  the 
remilts  of  which  will  be  duly  submitted  when  received : 

1.  The  harbor  of  San  Luis  Obifspo^  CaU/oimiay  with  a  view  to  the  practi- 
cability of  building  breakwater. 

2.  The  harbor  of  San  Buenaventura^  Calif omia^  with  a  view  to  thepracti- 
eability  of  building  breakwater. 

3.  The  harbor  of  Santa  Barbara^  California,  with  a  view  to  the  practica- 
bility of  building  breakwater. 

4.  Colorado  of  the  West,  from  Fort  Yuma  to  El  Dorado  Canon. 

mPBOVEMENT  OF  RIVERS  IN    OREGON    AND    IN  WASHINGTON    TERRI- 
TORY— CONSTRUCTION  OF  CASCADES  CANAL,  COLUMBIA  RIVER. 

Officer  in  charge,  Maj.  John  M.  Wilson,  Corps  of  Engineers. 

1.  Improvement  of  the  Lower  Willamette  and  Columbia,  Rivers,  Oregon. — 
Operations  during  the  year  have  consisted  of  dredging  at  the  mouth 
of  the  Willamette  and  at  Swan  Island  Bar,  Willamette  Eiver,  and  at 
Saint  Helen's  Bar,  Columbia  Kiver. 

Surveys  have  been  made  at  Swan  Island,  Post  Office,  mouth  of  Willa- 
mette and  Saint  Helen's  Bars,  and  at  Sand  Island,  mouth  of  Columbia 
River. 

Extensive  repairs  have  been  made  uiK)n  the  United  States  dredge  and 
scows. 

Dnriiii?  the  present  season  it  is  proposed  to  continue  dredging  the 
channel  over  the  bars  in  the  Willamette  River  and  at  Saint  Hc^len's  in 
the  Columbia,  and  to  scrape  the  bar  at  Snag  Island,  Lower  Columbia. 

Jnlyl,  1K77,  amount  available $18,584  54 

Amoaut  appropriated  by  act  approved  June  18,  1878 30, 000  00 

48,584  54 
July  1,  1878,  amount  expend©<l  during  Ascal  year 11,772  65 

July  1,1.'?78,  amount  available 3(5,811  89 

Amount  (e«timated)  required  for  completion  of  existing  project 2()8,984  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  ir>0, 000  00 

(See  Appendix  J  J  1.) 

2.  Improvement  of  the  Upper  Willamette  Biter,  Oregon. — Oi)erations 
dnring  the  fiscal  year  have  consisted  of  the  removal  of  snags  and  stumps, 
construction  of  wing-dams,  making  surveys,  and  preparing  charts. 
Three  thousand  eight  hundred  and  forty  linear  feet  of  wing-dams  have 
been  bnilt,  673  trees,  stumps,  &c.,  removed  from  the  channel,  and  over 
100  overlianging:  trees  cut  from  the  banks  of  the  river. 

Dming  the  [)re8ent  season  it  is  proposed  to  continue  the  removal  of 
snags  &c.,  from  the  channel,  to  remove  portions  of  Bissell's  and  Dove's 
roek«,'  to  repair  win^-dams,  build  short  dams  for  sluicing  out  bars,  and 
to  scrape  the  bars  wliere  it  may  be  found  necessary. 
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July  1,  1877,  amount  available $14, 246  54 

Amount  appropriated  by  act  approved  June  18, 1878 20, 000  00 

134,246  54 

July  1,  1878,  amount  expended  during  fiscal  year 14, 120  29 

July  1,  1878,  amount  available 20,126  25 

Amount  (estimated)  required  for  completion  of  existing  project 60, 000  00 

Amoimt  that  can  be  proiitably  expended  in  fiscal  year  ending  June  30, 1880.      40, 000  00 

(See  Apx)endix  J  J  2.) 

3.  Improvement  of  the  Upper  Columbm  and  SnaJce  Rivers^  Oregon  and 
Washington  Territory. — Operations  during  the  fiscal  year  were  carried 
on  in  November  and  December,  1877,  removing  rocks  from  tlie  channel 
at  the  Upper  Umatilla  Rapids. 

A  survey  was  made  of  the  Upper  Umatilla  Eapid,  and  a  buoy  located 
at  the  upi)er  entrance  to  the  channel. 

Duiing  the  coming  winter  it  is  proposed  to  continue  work  of  remo\ing . 
rock  at  Five-mile  and  Pine  Tree  Rapids  in  the  Snake  River. 

July  1,  1877,  amount  available $5, 750  09 

Amount  appropriated  by  act  approved  June  18,  1878 20, 000  00 

$25,750  09 

July  1, 1878,  amount  expended  during  fiscal  year 5, 750  09 

July  1,1878,  amount  available 20,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 112, 000  00 

Amount  tliat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      75, 000  00 

(See  Api>endix  J  J  3.) 

4.  Construction  of  canal  around  the  Cascades  of  the  Columbia  River ^ 
Oregon, — The  plans  and  estimates  for  this  canal,  submitted  by  the  offi- 
cer in  charge,  were  referred  to  the  Board  of  Engineers  for  tlie  Pacific 
Coast  for  examination,  and  having  been  approved  by  the  boanl,  with 
some  minor  changes  as  to  the  size  of  locks  and  height  of  the  breakwater 
below  them,  the  plan  was  finally  approved  by  this  office  and  by  the  Sec- 
retary of  War.    (See  Appendix  J  J  4.) 

To  meet  the  possible  ftiture  wants  of  commerce,  the  width  of  50  feet 
recommended  by  the  board  of  engineers  has  been  increased,  with  the 
approval  of  the  Secretary  of  War,  to  70  feet,  at  an  estimated  increase 
of  cost  of  about  $30,000. 

Proceedings  for  the  condemnation  of  the  land  required  for  the  canal 
were  still  pending  at  the  close  of  the  fiscal  year.  The  amount  of  work 
that  can  be  accomx)lished  during  the  next  fiscal  year  depends  upon  the 
time  at  which  possession  can  be  had. 

July  1,  1877,  amount  available $85,  383  35 

Amount  appropriated  by  act  approved  June  18,  1878 150, 000  00 

1235,  383  35 

July  1,  1878,  amount  expended  during  fiscal  year 5, 854  05 

July  1,  1878,  amount  available !W9, 529  30 

Amount  (oHtimated)  required  for  completion  of  existing  project 1,  524,  31^8  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1880 500,000  00 

(See  Appendix  J  J  4.) 

EXAMINATIONS  AND  SUBVEYS  FOB  IMPROVEMENT. 

To  comply  with  provisions  of  the  river  and  harbor  act  of  June  18, 
1878,  Major  Wilson  has  been  charged  with  and  is  now  engaged  ui)on 
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examinations  and  snrv^eys  at  the  following  localities,  the  results  of  which 
will  l>e  duly  submitted  when  received : 

1.  The  entraru^  of  Coos  Bay, 

2.  Cape  Foulweather^  Oregon^  to  ascertain  its  adaptability  as  a  harbor  of 
refuge. 

3.  Clearwater  River^  Idaho. 

4.  Fort  Orfard^  Oregon^  to  ascertain  its  adaptability  for  a  harbor  of  refuge. 

5.  Rogue  River j  Oregon^  between  Scottsburg  and  its  mouth. 

6.  Coquille  River j  Oregon. 

7.  Alsea  River  and  Bay,  Oregon. 

IMPROVEMENT   AND   CARE    OP    PUBLIC   BUILDINGS    AND    GROUi»rDS    IN 
THE  DISTRICT  OP  COLUMBIA — ^WASHINGTON  AQUEDUCT. 

Officer  in  charge,  Lieut.  Col.  Thos.  Lincoln  Casey,  Corps  of  Engineers. 

1.  Improvement  and  care  of  Public  Buildings  and  Grounds  in  the  District 
of  Columbia. — ^The  condition  of  the  public  reservations  in  the  city  of 
Washington,  and  the  character  of  the  improvements  made  on  them,  will 
he  found  stated  in  the  detailed  report  of  the  officer  in  charge.  Ilis  esti- 
mates for  the  fiscal  year  ending  June  30,  1880,  are  as  follows : 

For  inipTovement  aud  care  of  public  buildings  and  grounds 9145, 200  00 

For  compensation  to  persons  employed  on  and  around  public  buildings 
aud  grounds 42,320  00 

187,520  00 

(See  Appendix  KK  1.) 

2.  Washington  Aqueduct — Tlie  amount  appropriated  by  Congress  for 
the  fiscal  year  ending  June  30, 1878,  was  $15,000.  This  has  been  ex- 
pende<l  in  T\'idening  and  strengthening  embankments,  and  keeping  the 
roads,  bridges,  culv^erts,  reservoirs,  gate-houses,  pipe  line,  &c.,  in  repair, 
together  with  sui)ervising  the  general  distribution  of  Potomac  water  in 
the  conduits,  reservoirs,  and  iron  mains. 

The  e«timatef5  of  the  officer  in  charge  for  the  fiscal  year  ending  June 
30, 1880,  are  a«  follows : 

For  engineering,  maintenance,  repairs,  and  construction $116, 000 

(See  Appendix  KK  2.) 

SURVEYS     AND    EXAMINATIONS    WITH    A    VIEW     TO    THE 
IMPROVEMENT    OF    RIVERS    AND    HARBORS. 

For  examinations  and  surveys  of  rivers  and  harbors  for  which  there 
is  no  sx)ecial  appropriation,  an  appropriation  of  $150,000  should  be  made. 

SURVEY    OF   NORTHERN   AND    NORTHWESTERN    LAKES    AND 
THE  MISSISSIPPI  RIVER. 

Officer  in  charge,  Maj.  C.  B.  Comstock. 

During;  the  temporary  absence  of  Major  Comstock,  the  work  was  in 
charpe  of  Capt.  H.  M.  Adams,  who  had  under  his  immediate  orders 
First  Lieuts.  D.  W.  Lockwood,  0.  F.  Powell,  and  P.  M.  I*rice,  and  the 
foUowing  principal  assistant  engineers:  O.  B.  Wheeler,  E.  8.  Wheeler, 
A.  R.  Flint,  G.  Y.  Wisner,  R.  S.  Wo<Klward,  A.  C.  Lamson,  F.  M.  Towar, 
F.  Terry,  A.  T.  Morrow,  J.  H.  Darling,  and  F.  W^.  Lehnartz.    , 

Progress  of  the  work  during  the  year, — On  Lake  Erie  the  triangulation 
has  been  carried  from  Cleveland,  Ohio,  to  the  west  end  of  the  lake. 
The  tojjography  and  hydrography  have  been  extended  to  include  all  of 
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the  American  shore,  and  the  Canadian  shore  from  Detroit  Eiver  to 
Point  Pel6e.  A  base-line  has  been  measured  near  Chicago  and  the  con- 
necting triangulation  east  has  been  completed  to  White  Pigeon,  Mich. 

The  latitude  and  longitude  of  Memphis,  Tenn.,  have  been  detennined, 
and  in  connection  with  Capt.  W.  S.  Stanton,  United  States  Engineers, 
the  longitudes  of  Fort  Laramie,  Wyo.,  Camp  Kobinson,  Neb.,  and  Dead- 
wood,  Dak.,  have  been  determined. 

.  The  survey  of  the  Mississippi  River  has  been  carried  from  Mound  City, 
above  Memphis,  to  Scanlon's  Landing,  Ark.,  and  a  line  of  precise  levels 
has  been  completed  from  Memphis,  Tenn.,  to  Austin,  Miss. 

A  chart  of  Lake  Ontario,  coast  charts  Nos.  1  and  2  Lake  Ontario, 
coast  charts  Nos.  7,  8,  and  9  Lake  Michigan,  and  detail  charts  Nos.  1, 2, 
3,  4,  5,  6,  and  7  Mississippi  River  have  been  completed. 

Amount  available  for  fiscal  year  1878-79 |99,  000  00 

Amount  required  for  fiscal  year  ending  June  30,  1880,  namely,  for  comple- 
tion of  triangulation  south  from  Chicago  and  east  to  Lake  Erie ;  for 
reduction  of   work   ahd  construction  of  maps,   for  determiniug  points 

in  aid  of  State  surveys,  and  miscellaneous 85, 000  00 

For  continuing  the  survey  of  the  Mississipni  River  and  its  tributaries  with 
a  view  of  determining  the  proper  method  of  reclaiming  from  overflow  the 
alluvial  lauds  of  the  Mis8issipi>i  Delta  aud  impro\'ing  the  navigation  of 
the  river 158,660  00 

(See  Appendix  LL.) 

MAPS   OF   CAMPAIGNS  AND   BATTLE-FIELDS. 

The  map  of  the  battle-field  of  Grettysburg,  in  three  sheets,  showing  the 
positions  of  the  two  armies  on  the  mornings  and  evenings  of  July  1,  2, 
and  3,  prepared  under  the  direction  of  Maj.  G.  K.  Warren,  has  been 
completed  and  distributed. 

The  field  of  the  important  operations  of  August  28,  29,  and  30,  1862, 
near  Groveton,  Va.,  never  having  been  surveytS  by  the  Engineer  Cori)s, 
an  allotment  of  $1,000  for  this  purpose  was  made  early  in  June,  1877, 
and  the  duty  assigned  to  Major  Warren  of  making  such  survey  a«  the 
means  would  allow.  This  survey  was  in  progress  at  the  close  of  the 
fiscal  year. 

MILITARY,   GEOGRAPHICAL,   AND  LAKE-SURVEY  MAPS. 
In  the  Office  of  the  Chief  of  Engineers. 

The  compilation  of  the  Atlanta  campaign  maps  has  been  completed, 
and  an  addition  has  been  photolithographed,  and  distributed  to  the  mili- 
tary posts. 

Considerable  progress  has  been  made  in  the  compilation  and  dl'a^^dng 
of  a  new  edition  of  the  map  of  the  territory  of  the  United  States  west  of 
the  Mississippi  River,  scale  joe^yffi)*  ^*  ^^  hoped  that  this  map  will  be 
ready  for  publication  early  in  the  coming  year. 

The  maps  of  Montana  and  Dakota  have  been  revised  by  Lieut  Edward 
Maguire,  Corps  of  Engineers,  Chief  Engineer  Department  of  Dakota, 
and  are  now  in  the  hands  of  the  engraver. 

Atlas  sheet  No.  10  of  the  Territorj^  of  Arizona,  compiled  at  headquar- 
ters Department  of  Arizona,  has  been  received.  It  will  be  photolitho- 
graphed, and  an  edition  printed  for  distribution  to  the  Army. 

A  map  showing  the  defenses  of  Cincinnati,  Covington,  and  Newport 
during  the  late  war  has  been  photolithographed  and  printed. 

A  map  of  the  Mississippi  Eiver  between  the  Illinois  and  Ohio  Eivers 
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gi  nine  sheets),  from  surveys  by  Lieut.  Col.  W.  F.  Rayiiolds  and  Col.  J. 
.  Simpson,  has  been  photolithogr^phed  and  an  edition  printed. 

A  map  of  the  Mississippi  River,  from  the  Falls  of  Saint  Anthony  to 
the  mouth  of  the  Illinois  (in  twenty-six  sheets),  comj)iled  from  suiTcys 
of  Maj.  Ct.  K.  Warren  and  Col.  J.  X.  Maeomb,  Cori)s  of  Engineers,  by 
Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  is  now  in  the  hands  of  the 
photolithographer,  in  onler  that  an  edition  may  be  x>rinted. 

Thirty-seven  detail  drawings  of  Des  Moines  Ka])ids  locks  and  canal, 
of  the  Mississippi  River,  have  been  engraved. on  stone  and  an  edition 
printed. 

Lake-survey  charts  Nos.  1,  2,  and  3  of  the  Mississippi  River  near 
Cairo,  and  charts  Nos.  4,  5,  6,  and  7  near  Memphis,  have  been  photo- 
hthograi)hed. 

Lake-survey  charts  of  Lake  Ontario,  Lake  Ontario  coast  charts  Nos. 
1  and  2,  Lake  Michigan  coast  charts  Nos.  8  and  9  have  been  photolitho- 
grax)hed,  and  an  edition  printed  in  advance  of  the  engraved  edition. 
Tliese  charts  are  now  in  the  hands  of  the  engraver;  Lake  Michigan 
coast  chart  No.  4  is  also  in  the  hands  of  the  engraver,  a  photolitho- 
graphic edition  having  been  printed  in  advance. 

The  following  lake-survey  charts  have  been  engraved  on  copper,  viz : 

Chart  of  Detroit  River. 
Lake  Michigan  coant  chart  No.  1. 
I^ke  Michigan  coast  chart  No.  2. 
Lake  Michigan  coast  chart  No.  6. 
Lake  Michigan  coast  chart  No.  7. 
Saint  Lawrence  River  chart  No.  5. 
Saint  Lawrence  River  chart  No.  6. 

GEOLOGICAL  EXPLORATION  OF  THE  FORTIETH  PARALLEL. 

Mr.  Clarence  King,  United  States  civil  enghieer,  in  charge. 

During  the  year  the  operations  of  this  survey  have  been  entirely  con- 
fine<l  to  the  office,  consisting  in  superintendence  of  publication  of  the 
atlas  and  text. 

Leave  of  absence  was  granted  Mr.  King  from  July  1, 1877,.till  October 
31,  1877,  and  during  that  interval,  there  being  no  employes  attached  to 
his  office,  the  operations  of  the  work  were  suspended. 

Active  work  was  resumed  November  1  and  continued  to  date.  Through- 
out that  time  the  force  of  the  office  has  consisted  of  himself  and  one 
general  assistant. 

The  entire  interval  has  been  devoted  to  the  revision  of  the  manuscript 
of  volume  I,  "  Systematic  Geology,"  of  the  series  of  reports,  and  the 
printing  of  the  same. 

Comi)08ition  has  proceeded  at  the  office  of  the  Public  Printer  up  to 
page  676. 

The  manuscript  is  all  done,  and  will  carry  the  text  up  to  about  7C0 
pages. 

It  is  estimated  that  the  volume  and  index  will  be  all  stereotyped  by 
August  10  or  15,  and  printed  and  bound  by  the  end  of  September. 

I>nring  the  year  the  illustrations  of  volume  VII,  Vertebrate  Palfeon- 
tolo^',  hare  been  completed  and  paid  for.    Professor  Marsh  has  made 
i?ood  progress  with  the  manuscript  of  volume  VII,  and  expected  to  have 
it  complet^l  by  early  winter.  ,  r.    -.u  i 

Ihiritts  the  year  volumes  IV,  Palaeontology  and  Ornithology,  and  II, 
Tkmrintive  Geology t  ^av©  l>©en  finished  by  the  PubUc  Printer  and  dis- 

tributed* 
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The  General  Topographical  and  Geological  Atlas  has  also  been  dis- 
tributed in  part 

For  the  completion  of  the  whole  work  there  only  remain  the  few  addi- 
tional pages  of  printing  on  volume  I  and  the  text  of  volume  VII. 

(See  Appendix  M  M.) 

GEOGRAPHICAL  SURVEYS  OF  THE  TERRITORY  OF  THE  UNITED 
STATES  WEST   OF  THE  ONE-HUNDREDTH  MERIDIAN. 

OflBcer  in  charge,  First  Lieut.  George  M.  Wheeler,  Corps  of  Engineers, 
having  under  his  orders  First  Lieuts.  Eric  Berglaud,  Samuel  E.  fillman. 
and  Thomas  W.  Symons,  and  Second  Lieuts.  Eugene  Griffin  and  Willara 
Young,  Corps  of  Engineers ;  First  Lieut.  Eogers  Birnie,  jr..  Ordnance 
Department ;  First  Lieut.  Charles  C.  Morrison,  Sixth  Cavalry ;  Second 
Lieuts.  Benjamin  H.  Kandolph  and  Henry  H.  Ludlow,  Third  Artillery ; 
and  Second  Lieut  M.  M.  Macomb,  Fourth  Artillery. 

During  the  year  the  following  gentlemen  have  been  engaged  in  the 
investigation  of  special  subjects :  Dr.  F.  Kampf,  astronomer,  triangiila- 
tion  observer,  and  computer  5  John  A.  Church,  mining  engineer ;  A.  R. 
Conkling,  geological  assistant  j  H.  W.  Henshaw,  ornithologist. 

Dr.  F.  Kampf  died  at  Ms  residence  in  Washington  after  a  short  illness, 
resulting  from  a  concussive  blow  upon  the  forehead,  accidentally  re- 
ceived while  on  duty  in  the  field. 

Dr.  J.  T.  Rotlirock,  professor  of  botany  at  the  University  of  Pennsyl- 
vania, has  devoted  considerable  time  to  the  final  preparation  of  the  man- 
uscript for  volume  VI,  and  now,  with  the  assistance  of  the  colaborers 
in  this  branch,  is  engaged  in  reading  proof. 

Prof.  F.  W.  Putnam,  ciutitor  of  the  Peabody  Museum,  Cambridge. 
Mass.,  has,  at  intervals  taken  from  his  other  profejjsional  labors,  advanceu 
nearly  to  comi)letion  his  part  of  the  maimscript  of  volume  VII  of  the 
quarto  reports,  and  has  superintended  the  preparation  and  production 
of  the  illustrative  cuts. 

Prof.  John  J.  Stevenson,  late  of  the  Pennsylvania  State  geological 
survey,  and  member  of  the  expedition  of  1873,  resumes  his  labors  upon 
Western  geology,  and  will  pay  esi)ecial  attention  during  the  coming  sea- 
son to  the  outcrops  of  the  Coal  Measures  at  the  east  base  of  the  liocky 
Mountain  ranges  of  Colorado  and  New  Mexico. 

The  funds  appropriated  for  this  survey  by  the  act  approved  March  3, 
1877,  having  been  made  immediately  available,  the  mem^bers  of  the  expe- 
dition of  this  year  were  enabled  to  take  the  field  eaily  in  May,  during 
which  month  the  entire  working  field  force  of  the  survey,  consisting  of 
three  sections,  known  as  the  Colorado,  Utah,  and  California,  comi)Osed 
of  ten  parties,  was  effectively  organized  and  engaged  in  the  prosecution 
of  its  labors. 

The  several  parties  were  distributed  in  those  portions  of  California, 
Oregon,  Nevada,  Utah,  Idaho,  Montana,  Wyoming,  Colorado,  New  Mex- 
ico, and  Texas  embraced  by  atlas  sheets  23  B,  32  C,  32  D,  38  B,  38  D, 
41  A,  41 B,  47  B,  48  D,  62  D,  56  B,  61  A.  77  D.  and  84  B.  (See  Progress 
map  accompanying  Appenoix  NN.)  The  field  season,  as  usual,  was  ex- 
tended as  late  as  the  early  and  extreme  cold  of  the  mountain  regions 
^^8ited  would  permit.  The  parties,  during  the  latter  days  of  November 
and  early  i)art  of  December,  disbanded  at  Carson,  Nev.,  Ogden,  Utah, 
Fort  Garland,  Colo.,  and  Fort  Union,  N.  Mcx. 

The  drainage  basins  occupied  were  portions  of  the  northwestern  arm 
of  the  "  great  interior  basin,''  and  those  of  the  Pecos,  Rio  Grande,  Ar- 
kansas, Gunnison  and  its  tributaries,  Bear  and  Snake  rivers,  and  creeks 
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entering  the  latter  from  the  south,  together  with  areas  bordering  on 
several  streams  of  various  magnitudes  debouching  from  the  SieiTa  Ne- 
vadas  upon  the  great  inland  valleys  of  Central  California. 

During  the  month  of  March,  a  special  topographical  and  hydrograph- 
ical  survey  of  the  Great  Salt  Lake  basin  was  begun.  This  contemplates, 
in  addition  to  the  detailed  topographical  survey  of  the  entire  basin  that 
has  Great  Salt  Lake  as  its  reservoir,  an  accurate  meander  of  the  shores 
of  the  lake  and  its  islands,  with  the  soundings  needed  to  determine  its 
present  volume,  observations  upon  the  evaporation  at  the  smface,  with 
periodic  rise  and  fall,  the  measurement  at. different  seasons  of  the  inflow 
and  rainfall,  and  other  meteorological  observations  at  stations  located 
upon  the  incoming  streams.  The  Jordan,  Weber,  and  Bear  rivers,  the 
principal  sources  of  supply,  were  measured.  Nearly  two-thirds  or  the 
meander  has  been  completed,  and  a  number  of  soundings  made.  The 
continuation,  at  a  trifling  expense,  of  this  work,  will  be  prosecuted,  as 
circumstances  permit,  from  the  Ogden  ofiic^  of  the  sun^ey. 

Wliile  the  expeditionary  parties  are  engaged  in  the  field,  a  small  an- 
nual office  force  is  employed  in  completing  the  necessary  comi)utations 
and  the  delineation  of  the  final  atlas  sheets.  A  temporary  field  office 
was  established  at  Ogden,  Utah,  during  the  past  winter,  and  will  here- 
after be  occupied  by  such  of  the  assistants  as  may  be  available.  Such 
field  astronomical  latitude  stations  only  as  have  been  found  requisite  for 
checking  the  measured  lines  of  survey  tlirough  mountain  passes,  caiion 
defiles,  and  along  routes  from  which  main  and  secondary  tiiangidation 
points  are  not  visible,  have  been  determined. 

The  project  submitted  for  the  season  of  1878  contemplated  the  estab- 
Ushmeiit  of  at  least  five  longitude  and  latitude  determinations  at  main 
stations,  selected  at  positions  favorable  for  checking  the  extended  belts 
of  triangulation.  During  the  season  of  1877  five  bases  were  measured, 
at  the  following  points:  (1)  Ogden,  Utah;  (2)  between  Terrace,  Utah, 
and  Lucin,  Utah,  on  the  Central  Pacific  Eailroad ;  (3)  near  Austin,  Nev. ; 
(4)  near  Bozeman,  Mont. ;  (5)  near  Verdi,  Nev.^  on  the  Central  Pacific  Eail- 
road. In  each  case  connection  was  made  with  the  initial  astronomical 
stations  in  the  vicinity  and  with  the  vertices  of  triangles  of  the  main 
belt8  adjacent.  During  the  same  season  145  sextant  latitude  stations 
were  occupied,  60  triangles  about  bases  measured,  and  observations  made 
at  100  main  and  264  secondary  triangulation  stations,  2,474  three-point 
and  cross-sight  stations,  and  12,366  minor  points  occupied. 

Magnetic  variations  were  determined  at  424  points  and  10,801  miles 
measured.  The  necessarj^  observations  were  made  at  10,438  cistern  and 
aneroid  barometer  stations  for  differences  of  altitude.  The  locations  of 
60  mineral  and  thermal  springs  have  been  defined,  and  19  mining  camps 
visiteiL  A  number  of  lots  and  specimens  of  minerals,  fossils,  mammals, 
birds,  reptiles,  fishes,  insects^  shells,  &c.,  have  been  collected. 

In  the  office,  106  astronomical  positions  have  been  computed,  87  sta- 
tions adjusted  by  method  of  least  squares,  1,149  triangles,  2,298  dis- 
tances, 295  longitudes  and  latitudes,  and  352  azimuths  computed,  and 
1,356  cistern  barometer  and  7,798  aneroid  altitudes  have  been  computed. 
There  have  been  14  sheets  and  parts  of  sheets  plotted  on  a  scale  of  1 
inch  to  2  miles,  and  6  special  sheets  drawn  to  various  scales. 

TTie  number  of  final  or  completed  atlas  sheets  drawn  and  submitted 
with  the  report  for  the  year  is  nine;  1,542  reports  and  12,768  maps  have 
been  distributed.  The  increasing  call  for  reports  and  maps  fix)m  vari- 
ous sections  of  the  country,  and  notably  fi^m  those  interested  in  the 
Bettlement  of  these  western  regions,  is  an  indication  that  the  results  of 
tie  stirrer  to  a  certain,  extent  meet  a  popular  want. 
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After  the  passage  of  the  appropriation  for  tliis  survey  on  the  20th  of 
June,  tlie  rejo^ilar  parties,  nine  in  number,  of  which  two  admit  of  oper- 
ating as  (kmble  i)arties,  consisting  of  forty-six  observ^ers,  took  the  field 
early  in  July  in  three  divisions,  known  as  the  Colorado,  Utali,  and  Cali- 
fornia sections. 

Tliree  main  astronomical  parties  also  proceeded  to  their  respective 
posts  for  the  purpose  of  establishing  the  longitude,  latitude,  and  altitude 
of  stiitions  at  Walla  Walla,  Washington  Ter.;  Dalles,  Oreg.;  Fresno, 
Cal. ;  Fort  Bliss,  Tex. ;  and  Fort  Bayard,  N.  Mex.  These  parties,  twelve 
in  all,  are  distributed  in  the  following  political  divisions :  Two  in  Cali- 
fornia ;  one  in  parts  of  Nevada,  California,  and  Oregon ;  three  in  i)arts  of 
Nevada  and  Califoniia;  one  in  Utah;  one  in  Oregon  and  California;  two 
in  Colorado  and  Kew  Mexico ;  two  in  New  Mexico  and  Texas ;  and  in 
areas  embraced  by  atlas  sheets  Nos.  12,  20,  29,  38,  47,  56,  48,  73,  80,  41, 
70,  78,  84,  and  90.  (See  Progress  map  of  1878.)  The  Wa^liington  office 
continues  its  labors  as  usual.  The  expedition  of  1878,  larger  than  any 
other  in  number  of  observers,  takes  the  field  well  etpiipiied,  and  the 
season,  when  prolonged  as  intended  until  December,  will  admit  of  still 
further  accumulation  of  topographical  data  required  for  the  thorough 
and  ^igorou^  prosecution  toward  completion  of  the  siu'vey  needed  for 
the  detailed  toi)ographical  map  of  the  entire  region. 

Prof.  J.  J.  Stevenson,  with  one  assistant,  is  to  be  engaged  dimng  the 
season  along  the  mountain  ranges  between  the  Rio  (jrande  and  the 
plains,  and  south  of  the  Spanish  Peaks,  in  Colorado.  He  will  make  de- 
tailed sections  of  the  coal  croppings  and  worked  beds.  Having  the  de- 
tailed toi)ographical  maps  of  this  section,  already  published,  to  facilitate 
his  labors,  it  is  expected  that  the  geological  formations  can  be  laid  down 
with  great  rapidity  and  accuracy.  Tlie  si)ecial  examinations  of  tlie  Com- 
stock  loile  are  being  prosecuted,  consisting  of  the  con)i)letion  of  the  de- 
tailed contour  map,  the  following  of  the  works  in  depth  and  along  the 
Sutro  tunnel,  further  data  for  the  longitudinal,  vertical,  and  horizontal 
sections,  observations  upon  temperatures,  ventilation,  and  drainage  of 
the  mines,  and  of  the  geology  of  the  surface,  and  collections  from  va- 
rious tunnel  and  other  levels. 

The  officer  in  charge  suggests  that,  were  funds  available,  winter  parties 
coidd  successfully  conduct  their  operations  in  the  southern  portion  of 
the  field  and  near  the  Mexican  border,  while  during  the  summer  months 
parties  can  operate  north  of  the  Pacific  railroa<ls,  thus  keeping  an  exi^e- 
dition  permanently  in  the  field;  and  this  course  being  in  the  direction  of 
a  rapid  completion  of  the  work,  more  especially  commends  itself  in  view 
of  the  Indian  campaigns  of  the  past  few  years  rendereil  necessarv  against 
the  hostiles,  in  which  the  want  of  accurate  and  detailed  topographical 
maps  of  the  western  mountain  regions  has  been  felt.  And  1  have  again 
the  honor  to  suggest  that  the  item  for  continuing  this  survey  may  with 
proi)riety  be  placed  upon  the  Army  ai)propriation  bill.  (See  letter  of 
Lieutenant  Wheeler,  in  appendix  to  book  of  estimates  for  1879  and 
1880.) 

Volume  II  (Astronomy  and  Barometric  Hypsometr^ )  of  the  quaito  re- 
ports authorized  to  be  published  by  act  of  Congress  has  been  issued  from 
the  i)res8,  and  proof  reading  of  volume  VI  (Botany)  is  now  being  rapidly 
advance<l.  The  tables  of  declinations  of  2,018  latitude  stars  are  in  print 
and  available  for  the  special  astronomical  work  of  the  present  sea^w)n. 
As  soon  as  Vol.  VI  goes  to  press  the  manuscripts  of  Vols.  I  and  VII, 
the  remainder  of  those  now  approved,  will  be  placed  in  the  hands  of 
the  Printer.  With  slight  exceptions,  the  illustrations  for  the  above 
volumes  have  been  engraved  and  printed. 
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Mile  topojjrapliical  sheets  have  been  added  totheathis,  and  19  others 
nppr<>a<*h  completion  in  the  various  sta|?es  of  lU'Ogress.  The  geolo^cal 
information  requisite  for  delineation  ni>on  the  sheets  to  aeeompany 
Vol.  Ill,  and  for  othei*s  of  the  re^uhir  atlas,  is  being  g:athered. 

Tlie  special  toi)o«^raj)hieal  sheet,  on  a  scale  of  1  incli  to  1  mile,  of  the 
vicinity  of  Lake  Tahoe,  embnicing  the  Virginia  and  Tnickee  liailroad, 
and  that  part  of  tlie  Central  Pacific  Kailroad  across  the  SieiTas,  with  the 
Washoe  mining  region,  of  the  size  of  0  full  atlas  sheets,  is  finally  jdotted 
and  awaits  publication.  The  i)lot,  on  a  scale  of  1  inch  to  rAH)  feet,  of 
the  contour  survey  of  the  vicinity  of  the  Comstock  lode,  equivalent  in 
size,  wlien  reduced  to  1  inch  to  1,5()0  feet,  of  fcmr  unifonn  atlas  sheets, 
needs  but  a  small  amount  of  data  for  its  completion.  These  maps,  based 
upon  a  comparativelj'  large  number  of  computed  points,  are  the  most 
detailed  yet  produced  by  the  survey. 

Land  classification  maps,  based  upon  theregidar  topographical  sheets, 
are  being  prepared  and  published  as  fast  «as  possible,  and  liei*eafter  the 
notes  for  a  more  minute  representation  of  the  character  of  the  surface  of 
the  region  visited  are  requireil  of  the  several  parties  in  the  instructions 
given  by  the  officer  in  charge.  Besides  the  value  of  these  maps  to  the 
land  branch  of  the  government,  they  must  prove  of  service  to  the 
emigrant  settler  and  capitalist  interested  in  the  regions  represented. 

The  topographical  maps,  which  are  the  main  results  of  the  sur^'^ey,  are 
regularly  published  as  fast  as  completed,  and  become  at  once  available 
for  the  purposes  of  the  War  Department  and  other  branches  of  the  gov- 
ernment service,  and  subsequently  to  the  public,  through  the  usual  dis- 
tribution, or,  in  various  scales,  through  map  publishers  in  this  and  for- 
eign coimtries. 

The  area  surveyed  and  mapped  during  the  years  1869, 1871, 1872, 1873, 
1874,  1>^75,  1876,  and  1877,  as  rejwrted  by  Lieutenant  Wheeler,  aggre- 
gates tlie  amount  of  332,515  square  miles,  distributed  as  follows : 

Square  miles. 

ralifornia 54,751 

NVvada 62,181 

Utah 38,969 

Arizona 61,816 

rolorailo  33,041 

Wyoming -- ■» 231 

New  Mexico 71,427 

Oregon 1»242  • 

Idaho *^.^7 

Initial  points  have  been  established  (including  the  season  of  1877)  in 
Kansas,  Nebniska,  Texas,  Montana,  and  Washin^rton*  Parts  of  the 
work  will  have  been,  at  the  close  of  the  season,  earned  on  in  fourteen  of 
the  fifteen  oi  the  politictal  divisions  lyin^west  of  the  one  hundredth  meri- 
dian and  from  the  Cohimbia  River  on  the  north  to  the  Mexican  border. 

The  laboi"S  of  this  sur\'ey  are  annually  carried  on  in  accordance  with 


approved  before  the  pai-ties  ( 
Jirojeets  are  in  the  direction  of  a  systematic,  thorouj^h,  and  economic 
prosecution  of  a  detailed  8ur\^ey  in  connected  areas  (according  to  a  plan 
submitteil  by  Lieutenant  Wlieeler  and  adopted  in  1872),  the  necessary 
^lata  bein«'  obtaincnl  by  means  of  astronomical,  geodetic,  topographical 
and  barontetric  observations.  This  work  may  be  considered  as  supple- 
mental to  binding  together,  and  developing  systematically  over  com- 
I)leted  areas  by  the  use  of  more  refined  instruments  and  later  methods, 
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the  Pacific  Railroad  and  military  and  geographical  surveys  west  of  the 
Mississippi  River,  suspended  at  the  outbreak  of  the  war  of  the  rebellion. 

Incident  to  the  principal  objects  of  the  survey,  and  as  far  as  practica- 
ble without  too  greatly  increasing  the  cost,  all  the  information  ne<jessary 
at  the  present  stage  of  settlement  of  the  country  concerning  the  branches 
of  mineralogy  and  mining,  geology,  palaeontology,  zoology,  botany, 
archaeology,  ethnology,  and  philology  is  collected  by  specialists,  experts 
in  their  branches  of  science.  Information  concerning  this  and  other 
Engineer  Depaitment  surveys  in  the  West  will  be  found  in  House  Ex. 
Doc.  88,  Forty-fifth  Congress,  second  session.    (See  Appendix  NN  2.) 

The  continuation  of  this  most  valuable  and  useful  work,  in  its  present 
stage  of  advancement,  will,  it  is  believed,  commend  itself  to  and  receive 
favorable  consideration  from  Congress. 

The  amount  estimated  by  Lieutenant  Wheeler  for  the  continuation  of 
the  survey,  viz,  $120,000,  is  earnestly  recommended. 

His  annual  report,  with  appendixes  and  estimates,  is  appended. 

(See  Appendix  NN.) 

RECONNAISSANCES   AND   EXTLOR ATIONS. 

The  engineer  officers  on  the  staffs  of  the  generals  commanding  the 
military  divisions  and  departments  have  been  engaged  during  the  year 
in  surveys  in  the  field,  and  in  collecting  and  plotting  geographical  and 
other  information  obtained  from  the  note-books,  sketches^  and  maps 
made  by  the  officers  and  soldiers  in  the  scouts  and  campaigns  in  the 
West.  The  estimate  of  $50,000  made  by  this  department  for  the  sur- 
veys by  these  officers  failed  at  the  last  session  of  Congress,  thus  leav- 
ing unprovided  for  the  work  which  was  desired  to  be  accomplished  in 
the  seven  military  departments  embracing  the  country  west  of  the  Mis- 
sissippi Eiver,  in  each  one  of  which  there  is  an  engineer  or  acting  engi- 
neer officer.  This  work  includes  surveys  in  the  field  by  the  department 
engineers,  the  purchase  and  repair  of  instruments,  and  the  expenses  at- 
tending the  draughting  and  printing  of  maps  required  for  distribution  to 
the  Army. 

The  maps  of  the  country  covered  by  the  recent  campaigns  against 
hostile  Indians  have  proved  in  the  highest  degree  useful  to  the  officers 
engaged,  and  it  is  especially  desirable  that  the  great  unexi)lored  areas 
#  in  the  hostile  country,  and  areas  wliich  in  future  campaigns  are  liable  to 
be  traversed  by  the  troops,  or  by  the  enemy,  should  be  surveyeil  and 
l)lotted  and  added  to  these  cami^aign  ma])S.  The  enlistment  of  topo- 
graphical assistants  to  the  engineer  officers  attached  to  the  headquarters 
of  each  of  the  Western  military  geog^-aphical  divisions  and  departments, 
whicjh  was  authorized  by  the  Secretary  of  War  in  July,  1877,  will  very 
miu'.h  facilitate  the  sur\a*ys  of  those  officers,  and  it  is  hoped,  if  the  smail 
appropriation  asked  for  these  surveys  is  granted  by  C'ongress,  that  much 
more  can  be  accomplished  than  has  been  heretofore  by  the  same  amount 
of  expenditure. 

An  estimate  for  tlie  amount  required  to  l)e  api)ropriated  for  this  pur- 
l)Ose  lias  been  included  in  the  estimates  of  this  depaitment. 

The  officers  who  have  been  engaged  on  these  surveys  during  the  last 
fiscal  year  are  as  follows : 

Maj.  O.  M.  Poe,  aid-de-cami)  (with  the  rank  of  colonel)  to  the  Gen- 
eral of  the  Army;  ('apt.  G.  J.  Lydecker,  at  headquarters  Military  Divis- 
ion of  the  Missouri ;  Lieut.  Edward  Maguire,  at  headquarters  Depart- 
ment of  Dakota  ;  Capt.  W.  S.  Stanton,  at  headquarters  Department  of 
the  Platte ;  Lieut.  E.  II.  Ruffner,  at  headquarters  Departnjent  of  the 
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Missouri ;  Capt.  James  F.  Gregory,  at  headquarters  Department  of 
Texas ;  Lieut.  J.  C.  Mallery,  at  headquarters  Division  of  the  Pacific 
and  Department  of  Califoniia  till  October  2, 1877,  since  which  date  Capt. 
J.  H.  Coster,  Eighth  Cavalry ;  Lieut.  E.  I).  Thomas,  Fifth  Cavalry,  at 
headquarters  Department  of  Arizona  till  May  13, 1878,  and  Lieut.  T.  A. 
Touey,  Sixth  Cavalry,  since  that  date. 

During  the  fiscal  year  there  have  been  distributed  by  Maj.  H.  L.  Abbot, 
fipom  the  engineer  dei)ot  at  Willets  Point,  to  otticors  engaged  on  surveys, 
an  aggregate  of  141  instruments. 
(See  Api)endix  GO.) 

Capt.  G.  J.  Lydecker,  engineer  officer  on  the  staff  of  the  Lieutenant- 
General,  rei>orts  that  for  want  of  funds  operations  have  been  limited  to 
current  office-work,  such  as  could  be  done  by  enlisted  men  detailed  for 
the  pnriK)se ;  duplicate  tracings  of  maps,  sketches,  &c.,  passing  through 
the  office,  have  been  made,  and  corrections  have  been  applied  to  existing 
maps  as  opportunity  offered. 

Captain  Lydecker  is  of  the  opinion  that  not  less  than  $10,000  should 
be  available  for  the  use  of  the  engineer  officer  of  each  division  and 
department  west  of  the  Mississippi  liiver^  and  states  that  for  the  want 
of  means  work  on  his  maps  of  the  Division  of  the  Missouri  has  been 
sasi)ended. 
(See  Appendix  PP.) 

Lieut.  Edward  Maguire,  at  headquarters  Department  of  Dakota, 
reixHtfl  the  topographical  work  in  the  field  in  that  department  during 
the  year,  and  his  report  will  be  found  in  Appendix  QQ. 

Capt.  W.  S.  Stanton,  on  duty  with  the  general  commanding  the  Depart- 
ment of  the  Platte,  reports  that  during  the  year  a  reconnaissance  was 
made  of  1,328  miles  of  routes,  embracing  observations  for  the  determi- 
nation of  the  latitude  and  longitude  of  44  points,  including  Fort  Lara- 
mie, Fort.  McKinney,  and  Laramie  Peak,  Wyo. ;  Camp  Eobinson,  Nebr. ; 
and  Custer  City  and  Deadwood,  Dak. ;  also  for  magnetic  declination  at 
22  loi^lities,  and  for  altitude  at  271  stations  with  the  mercurial  barom- 
eter, includhig  a  contiiuious  series  of  hourly  meteorological  observations 
for  05  days  by  a  special  party  at  Fort  Laramie.  The  military  reserva- 
HojiH  of  Fort  Laramie  and  Fort  McKinney,  embracing  154  square  miles, 
have  also  been  surveyed,  and  their  boundary  luies  established.  Besides 
the  1,328  miles  measured  with  odometers,  the  field-work  involved  100 
miles  of  chain  measurement. 

In  the  office,  tables  of  distances  between  all  the  military  posts  in  the 
department,  and  itineraries  and  descriptive  notes  of  3,904  miles  of  routes, 
2,903  miles  of  which  were  measured  with  (xh)meters,  have  been  prepared, 
and  350  printed  copies  issued  to  officers  and  others  needing  them. 

Plans,  estimates,  and  detailed  working-drawings  have  l)een  prepared 
for  a  bridge  to  be  constructed  of  wood  and  iron  over  the  Laramie  liiver 
at  Fort  Laramie. 

The  compass  and  odometer  notes  of  the  1,328  miles  of  reconnaissance 
have  been  reduced  and  plotted;  all  the  observations  taken  in  the  field 
for  time,  latitude,  altitude,  and  magnetic  declination  have  been  com- 
puted  barometric  i)rofiles  of  the  routes  prepared,  and  the  barometric 
ofelervatioiis  for  95  days  at  Fort  Laramie  reduced  and  plotted. 

^      ''"    '""\000,  of  the  reconnaissances 
embracing  all  important 


A  man  has  been  made,  on  a  scale  of  1 :  600,01 
offh^  thrp€i  seasons  of  1875, 1876,  and  1877, 
l^Hbe^eenthe  meridians  of  102o  30'  and^..    ..  ....  ....  ....  «... 

iuuivo  ^'1    J         jMots  have  been  made  of  the  reservations  surveyed,  and 
4&M  P^^Z:^^jjjjt  of  routine  work  has  been  done  in  making  tracings  of 
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toiK)<j:rai)hical  sketches  iiccoinpauyiiig  rei)orts  received  at  department 
head([iiai-ters. 

(See  Appendix  K  K.) 

Lieut.  E.  11.  Kuffner,  on  the  staft*  of  tlie  general  connnanding  tlie  De- 
l)ai-tnient  of  tlie  Missonri,  reports  that  but  little  progivss  has  Ix^en  made 
during  the  past  year  in  tlie  jueparatiou  of  maps,  or  in  the  examination 
and  surN'ey  of  new  country.  AVant  of  means  ami  small  uimiber  of  troops 
in  the  depaitment  available  for  maivhes  or  scouts  are  asvsigned  as  the 
reasons.  The  total  mileage  of  Journals  of  scouts  and  marches  is  given 
at  7,214,  and  an  additional  2,():M)  miles  f<u-  the  reconnaissance  in  South- 
west Colorado  conducted  by  Lieut.  C.  A.  IL  ^fcCauley,  Third  Aitillery, 
assistant  to  Lieutenant  Kuftner.  This  report  is  submitted  by  Lieu- 
teimnt  McCauley,  and  is  considered  as  very  valuable  and  of  intei'est  to 
all  connected  with  that  region  of  country. 

An  editicm  of  map  Xo.  2,  Department  of  the  Missouri,  rcAised  and  cor- 
rected to  date,  was  issued  last  fall.  Lieutenant  Kuftner  submitted  a 
second  rei)oit  on  lines  of  communication  l)etween  Colorado  and  Xew 
Mexico,  which  was  printed  as  Ex.  Dck*.  Xo.  66,  House  of  Kepresent^i- 
tives,  Forty-fitth  Congress,  second  session,  ^le  report  covers  38  pages 
of  print,  and  is  accompanied  by  three  maps. 

Lieutenant  Eufliier  has  emi)loyed  his  si)are  time  during  the  year  in 
preparing  a  compilation  or  descriptive  index  of  the  reports  of  the  Corps 
of  Engineers  for  the  ten  yeai-s  1866-1876,  entitled  "A  liecord  of  Ten 
Years  of  Engineering  by  the  Coi^^s  of  Engineers,  IT.  S.  A."  The  manu- 
script is  now  completeiL 

(See  Appendix  S8.) 

Capt.  J.  F.  Gregorj',  on  duty  at  the  headquarters  Department  of 
Texas,  reports  that  the  work  of  his  office  consisted  of  the  issues  of  in- 
struments, materials,  and  maps  to  commanding  oftlcers  of  po8t«  in  the 
dei)artment,  and  in  draughting-work,  such  a«  I'educing  to  progress 
map  the  maps  of  scouts  and  reconnaissances  made  by  various  acting  en- 
gineer officers  in  the  department ;  and  in  making  tracing  of  ma]>s  for 
use  of  various  oi!icers  on  campaigns. 

Captain  (Gregory  states  that  there  have  been  plotted  in  his  office  the 
following  maps,  viz:  A  i)rogi*ess  maj)  of  the  department  in  4  sheets,  on  a 
scale  of  1  inch  to  8  miles,  and  containing  all  the  reliable  geograi)hical 
infonnation  received  at  his  oiiice  up  to  date ;  an  index  map  and  6  sheets 
of  the  western  portion  of  the  department,  on  the  same  scale,  for  photo- 
lithograi>hing  and  distribution  for  the  use  of  the  troops  of  the  depart- 
ment, and  6  reconnaissance  blank  sheets,  also  on  the  same  scale  and 
embnicing  the  same  areas,  for  printing  and  issue  to  officers,  uiwn 
which  can  be  plotted  new  geographical  infonnation  gained  in  nrarches 
of  troops. 

(See  Appendix  TT.) 

Lieut.  J.  C.  Mallery,  engineer  officer  at  headquarters  Division  of  the 
Pacific  to  Octol)er  2,  1877,  ivports  that  an  examination  and  report  was 
made  ui)on  the  water  sui)i)ly  of  Angel  and  Yerba  Buena  Islands,  Cali- 
fornia, and  upon  the  dei)th  of  water  near  the  quarry- wharf*  at  Angel 
Island.  In  compliance  with  the  orders  of  the  commanding  general,  he 
visited  San  Diego,  Cal.,  and  the  LTnited  States  fishery  reservation 
upon  the  McCloud  Kiver,  California,  to  secure,  in  the  first  instance, 
the  return  of  arms  loaned  by  the  commanding  general  to  the  city  author- 
ities, and,  in  the  second  instanC/C,  to  prevent  the  interference  by  squat- 
ters with  the  work  of  the  fishery.  Work  wa«  continued  upon  the  prep- 
aration of  an  outline  description  of  the  military  reservations  and  posts  in 


Digitized  by  VjOOQIC 


RKPpRT   OP   THE   CHIEF   OF    ENGINEERS.  149 

the  division.  Maps  of  these  military  reservations  and  posts  were  nearly 
completed.  l*hof  o^raphic  eoi)ies  of  a  map  of  Idaho  Tenitory  were  issned 
to  the  troops  in  the  field.  A  nnml)er  of  tracing's  were  made  in  the  ordi- 
nary routine  of  oflRce-work. 

Capt.  J.  H.  Coster,  Eighth  Cavalry,  aid-de-eami),  acting  engineer  offi- 
cer at  the  siime  headquarters  since  October  2,  1877,  reports  that  the 
amount  of  money  funiished  him  has  not  pennitted  any  extensive  work 
in  the  tield. 

Lieut.  R.  H.  Fletcher,  who  was  on  the  staff  of  General  Howard,  against 
the  hostile  Nez  Perc6  Indians,  has  been  engaged  on  a  large  map  of  the 
campaign  which  is  nearly  completed.  A  list  of  scouts  rei>orted  at  the 
Engineer  Office,  headquarters  Division  of  the  Patnfic  and  Department 
of  California,  during  the  last  fiscal  year,  is  attached  to  Captain  Coster's 
neport. 

(See  Appendix  U  U.) 

Lieut.  E.  D.  Thomas,  Fifth  Cavalr;^',  until  May  13,  1877,  and  Lieut  T. 
A.  Touey,  Sixth  Cavalry^,  from  that  date  were  the  acting  engineer 
officers,  Department  of  Arizona. 

The  i-eport  of  Lieutenant  Thomas  has  not  been  received. 

Lieutenant  Touey  reports  the  topograi)hical  work  done  in  that  depart- 
ment under  his  direction,  and  the  wants  of  his  office  for  the  next  fiscal 
year.     His  report  will  be  found  in  Appendix  V  V. 

ESTIMATES  FOR  AMOUNTS  REQUIRED  FOR  MILITARY  AND  GEOGRAPH- 
ICAL SURVEYS,  EXPLORATIONS,  AND  RECONNAISSANCES. 

For  military  surveys  and  reconnaissances  by  the  engineer  officers 
attached  to  the  various  headquarters  of  military  divisions  and  depart- 
menti^^  for  extra-duty  pay  of  enlisted  topograi)hical  assistant^;,  for  other 
Bulitar>'  8iir\'eys,  and  for  the  construction  and  publication  of  maps  for 
use  of  the  War  Department  and  the  Army,  $50,000  will  be  required. 

For  geographical  sur\'eys  of  the  territory  of  the  United  States  west  of 
the  one  hundredth  meridian,  there  will  be  required  for  field  and  office 
work,  and  for  i)reparing,  engraving,  and  printing  of  plates  and  atlas- 
sheets,  $120,000. 

OFFICE  OF  THE  CHIEF  OF  ENGINEERS. 

In  the  labors  of  the  office  the  Chief  of  Engineers  was  assisted,  on  the 

'Ulth  of  June,  by  the  following  officers  in  charge  of  the  several  divisions : 

First  and  second  divisions. — Fortifieatiom^  hatUiUon^  and  engineer 

4lep^0f^  landHj  armaments^  personnel^  iC'c,  Lieut.  Col.  Thos.  L.  Casey,  in 

addition  to  his  other  duties  j  and  Maj.  W.  J.  Twining. 

TiiiRD  division. — Kicer  and  harbor  improvements^  cCe.,  Maj.  John  G. 
Parke. 

Fdurth  and  fifth  divisions. — Property  aeeounts,  estimates^  funds^ 
Hurrey  of  the  taken  and  the  Mimssippi  Kiver^  explorations,  maps,  instrU' 
meats,  cfr.,  Maj.  George  H.  Elliot. 

Very  resi)eetfiUly,  your  obedient  servant, 

H.  G.  Wright, 
Acting  Chief  of  Engineers, 
Hon.  George  W.  McCrary, 

Secretary  of  TTar. 
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STATEMENT  SHOWING  RANK  AND  DUTIES  OF  OFFICERS  OF  THE  CORPS 
OF  ENGINEERS  DURING  THE  FISCAL  YEAR  ENT)ING  JUNE  30,  1878. 


Rank  akd  Name. 


Duties. 


BRIGABIER-GEXERAL  AND 
CHIEF  OF  ENGINEERS. 

Andrew  A.  Humphreys.. 
Bvt.  Major-Genet'al 


COLONELS. 


John  G.  Barnard 

Bvt  Major-General 


Hemy  W.  Beuham 

Bvt  Major-General. 


John  N.  Macomb 


James  H.  Simpson 

Brt,  Brig.  General 


Commanding  Corps  of  Engineers.  Member  of  Commission 
to  examine  into  canal  routes  across  the  Isthmus  connect- 
ing North  and  South  America.  Member  of  Board  for  the 
survey  of  the  harbor  of  Baltimore  City  and  adjacent 
waters.  Member  of  Joint  Commission  to  supervise  the 
construction  of  the  Washington  Monument.  Member  of 
Advisory  Board  to  Harbor  Commissioners  State  of  Massa- 
chusetts. Member  of  Board  to  determine  pier  and  bulk- 
head lines  of  New  York  Harbor  along  Staten  Island  shore. 
Member  of  Commission  to  examine  into  the  matter  of 
contracts  between  the  United  States  and  the  Moline 
Water  Power  Company.  To  cooperate  with  the  author- 
ities of  the  State  of  New  York  in  examining  and  deciding 
upon  exterior  pier  and  bulkhead  lines  on  Hudson  River 
from  State  dam  at  Troy  to  the  city  of  Hudson. 


Member  of  Board  of  Engincere  for  Fortifications.  Member 
of  Lighthouse  Board.  On  special  duty  connected  with 
examination  of  works  at  South  Pass  of  the  Mississippi 
River.  Member  of  Commission  to  select  site  for  the 
Naval  Observatory. 

In  charge  of  construction  of  forts  Wiuthrop,  Inde|>eudenco, 
and  Warren,  and  work  on  Long  Island  Head,  Mass.,  forts 
Montgomery,  Coliunbus,  Castle  Williams,iSouth  Battery 
Governor's  Island,  Wood,  Hamilton, ''and  additional  bat- 
teries, and  Mortar  Battery  at  Fort  Hamilton,  N.  Y.,  and 
fort  at  Sandy  Hook,  N.  J.  Member  of  Board  of  OfflcerSifor 
the  examination  of  candidates  for  ])roniotion  in  the  Corps 
of  Engineers. 

In  charge  of  improvement  of  the  upper  Mississiiipi  and 
Illinois  rivers ;  and  Des  Moines  and  Rock  Island  Rapids 
of  the  Mississippi  River,  harbors  of  Fort  Madison,  Bur- 
lington, and  Dubuque,  Iowa ;  the  survey  for  the  improve- 
ment of  that  portion  of  the  ^^  Minsissippi  route"  designated 
by  the  Senate  Select  Conuuittee  on  Transportation  Routes 
to  Seaboard,  as  improvements  upon  a  system  to  be  pro- 
vided so  as  to  give  from  4^  to  6  feet  depth  of  wat-er  at 
lowest  stages  from  Falls  of  St.  Anthony  to  Alton.  Mem- 
ber of  Board  of  Engineers  to  report  upon  condition  of 
chaimel-way  of  the  river  opposite  La  Crosse,  Wis.  In 
charge  of  construction  of  forts  Delaware,  Del.,  and 
Mifflin,  Pa.,  battery  at  Finn's  Point,  N.  J.,  and  work 
opposite  Fort  Delaware,  and  pier  at  Lewes,  Del. ;  harbor 
improvements  at  New  Castle  and  Wilmington,  Del.,  Che^i- 
t<^r.  Pa.,  and  on  Delaware  River  and  Biiy;  improvement 
of  the  Shrewsbury  and  Salem  rivers  and  Cohanw\v  Creek, 
N.  J.,  Delaware  and  Broadkiln  rivers,  Del.,  and  Schuyl- 
kill River,  Pa. 

In  charge  of  improvement  of  MissiHsippl  River  between  the 
mouths  of  the  Illinois  and  Ohio  rivers,  and  Osage  River 
iu  MiHsouri  and  Kansas.  Member  of  Board  of  Engineers  to 
examine  and  report  upon  the  most  advisable  measure  for 
preserviug  the  water-front  of  Vicksburg.  Member  of 
Boanl  of  Offlcei-s  to  consider  and  report  u]>ou  nnvjeet  for 
bridge  acroHS  the  Ohio  River  at  B<'aver,  Pa.    Member  of 
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Statement  showing  rank  and  duties  of  officers  of  Corps  of  Engineers — Con'd. 


Rank  and  Name. 


Duties. 


COLONELS. 

(continued.^ 


Israel  C.  Woodruff 

BvL  Brig,  General. 


ZealooA  B.  Tower 

Brt.  Maj.  General. 


Board  of  Survey  to  examine  into  and  report  frilly  npon  all 
fact8  connected  with  Iohs  of  the  dredge-boat  McAIleuter. 
I  Member  of  Board  of  Officers  to  coiiHitier  and  rejwrt  upon 
I  plan  and  location  of  bridge  propoAed  to  be  erected  over 
'      Miwissippi  River  at  or  neau-  Glasgow,  Mo. 

'  On  detached  8er\'ice.     Engineer  3d  Lighthouse  District. 

I 

i  Member  of  Board  of  Engineers  for  Fortifications.    Member 

I  of  Board  of  Engineers  to  consider  questions  relating  to  im- 

I  provement  of  Galveston  Harbor  and  entrance.    To  confer 

with  Assistant  Treasurer  at  New  York  City  for  examina- 

I  toin  of  subtreasury  building  in  that  city  and  report  what 

I  steps  should  be  taken  for  its  security  and  defense.    Mem- 

I  ber  of  Board  of  Officers  for  the  examination  of  candidates 

,  for  promotion  in  the  Corps  of  Engineers.    On  special  dutv 

j  to  examine  claim  of  H.  S.  Dale  for  compensation  for  work 

j  done  in  construction  of  Harbor  of  Refuge  on  Lake  Huron, 

I  Mich.    Member  of  general  court-martial  to  meet  at  Buffalo. 

I  N.  Y.,  January  15, 1878,  for  the  trial  of  Lieutenant-Colonel 

I  Blunt     Member  of  Board  of  Engineers  on  improvement 

of  diannel  into  Charleston  Harbor,  S.  C. 


UEVTENANT-COIX>XEL8. 


Horatio  G.  Wright 

BrL  Maj.  General 


John  New  ton • 

BrL  Maj.  Otftentl. 


Member  of  Board  of  Engineers  for  Fortifications.  Member 
of  Commission  on  repavement  of  Pennsylvania  Avenue, 
Washington,  D.  C.  Meml>er  of  Commission  to  examine 
into  the  matter  of  contracts  between  the  United  States  and 
the  Moline  Water  Power  Company.  Member  of  Board  of 
Engineers  to  consider  questions  relating  to  improvement 
of  Galveston  Harbor  and  entrance.  Member  of  Court  of 
Inquiry  to  investigate  all  facts  in  connection  with  the  ad- 
ministration of  Lieutenant-Colonel  Blunt  on  public  works 
under  his  charge.  On  s})ex:ial  duty  connected  with  ex- 
amination of  South  Pass  of  the  Mississippi  River.  Mem- 
l>er  of  Board  of  Engineers  to  report  upon  plan  of  a  lock  and 
gate  i)ropo8ed  to  be  substituted  by  Migor  Merrill  for  the 
lock  and  ^ate  heretofore  approved  in  connection  with  the 
construction  of  first  movable  dams  on  the  Ohio  River. 
Member  of  Board  of  Engineer  on  improvement  of  Charles- 
ton Harbor,  8.  C. 

In  charge  of  manufacture  and  suoply  of  mastic ;  improve- 
ment of  the  Hudson  River,  Haiiem  River,  Echo  Harl>or, 
and  East  Chester  Cn'ek,  N.  Y.,  Otter  Creek,  Vt.,  Passaic 
and  Raritan  rivers,  N.  J. ;  removal  of  oltstnictions  in  the 
East  River,  including  Hell  Gate,  N.  Y. ;  improvement  of 
channel  between  Staten  Island  and  New  Jersey ;  harbor 
improvements  at  Burlington  and  Swanton,  Vt.,  Rondout, 
Port  Chester,  and  Plattsburgh,  N.  Y.  The  survey  of  so 
much  of  the  3d  subdivision  of  the  ^^ Northern  route"  desig- 
nated by  the  S<*nate  Select  Committee  on  Transportation 
Routes  to  Seal»oard,  as  extends  fnun  Troy,  on  the  Hudson 
River,  to  New  York  City.  To  cooi)erate  with  the  author- 
ities of  the  State  of  New  York  in  examining  and  deciding 
upon  exterior  pier  and  l)ulkhead  lines  on  Hudson  River 
from  State  dam  at  Troy  to  the  city  of  Hudson.  Member  of 
Board  of  Engineers  to  consider  questions  relating  to  im- 
provement of  Galveston  Harbor  and  entrance.  Member 
of  Court  of  Inquiry  to  investigate  all  facts  in  connection 
with  the  administration  of  Lieutenant-Colonel  Blunt  of 
public  works  under  his  charge.  Member  of  Board  of  En- 
gineers on  improvement  of  channel  into  Charleston  Har- 
bor, 8.  C. 
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Rank  and  Name.  Duties. 


LIEUTENANT-COLONELS.  ' 


(continiied.)  , 

George  Thorn i  lu  charge  of  improvemout  of  rivere  St'.  Croix,  Maehias^ 

Bvt.  Brig,  General  |      Penohncot,  Keuuebec,  Keuuebuuk,  Me.,  Cochcco,  N.  H., 
and  Menimac,  Masfl. ;  of  harbors  of  Camden,  Gut  oppo- 
site Bath,   Portland,  Kichmond's   Island,    Belfa.<»t,  Me., 
I      Gloucester,  Salem,  Boston,  Plymouth,  and  Provincetown. 
Mtu».    Member  of  general  court-martial  to  meet  in  Bui- 
I      falo,  N.  Y.,  June  15,  1878,  for  the  trial  of  Lieut-enant- 
!      Colonel  Blunt 

John  D.  Kurtz j  In  charge  of  construction  of  forts  Delaware,  Del.,  audMif- 

Bvt  Colonel.  fiin,  Pa.,  battery  at  Finn^s  Point,  N.  J.,  and  work  oppo- 

I  site  Fort  Delaware,  piers  at  New  Castle  and  Lewes,  Del. ; 
I  harbor  improvements  at  Wilmington,  Del.,  and  on  Dela- 
ware River  and  Bay;  improvement  of  the  Shrewsbury 
River  and  Cohansey  Creek,  N.  J.,  Delaware  and  Broad- 
kiln  rivers,  Del.,  and  Schuylkill  River,  Pa.  Member  of 
I  Board  to  examine  and  report  upon  the  foundation  of  the 
Washington  Monument.    Died  October  16,  1877. 

Barton  S.  Alexander '  Senior  Engineer  charged  with  general  supervision  and  in- 

BvU  Brig,  General,        spection  of  all  matters  under  the  command  of  the  Chief 
of  Engineers  within  the  Pacific  temtory.    Member  of 
I      Board  of  Engineers  for  the  Pacific  Coast. 

William  F.  Raynolds....i  On  detached  service.    Engineer  4th  Lighthouse  District. 
Bvt  Brig.  General. 

Charles  8.  Stewart '  In  charge  of  construction  of  fortifications  at  Fort  Point, 

Point  San  Jos^  and  Angel  Island,  San  Francisco,  and  at 

I  San  Die^o,  Cal.,  and  improvement  of  San  Diego  Harbor 
and  San  Joaquin  River,  Cal.    Member  of  Board  of  En-, 

I      gineers  for  the  Pacific  Coast. 

Charles  E.  Blunt In  charge  of  improvement  of  harbors  of  Rocky  River,  Cleve- 

Bvt  Colonel.  \      land.  Grand  River,  Ashtabula,  Conneaut,  Erie,  Dunkirk, 

I  and  Buifalo,  on  Lake  Erie ;  and  construction  of  Fort  Por- 
ter, N.  Y.,  and  of  Fort  Wayne,  Mich. 

James  C.  Duane '  In  charge  of  construction  of  forts  Gorges,  Preble,  Scammel, 

Bvt  Brig.  General  Popham,  Knox,  and  battery  at  Portland  Head,  Me.,  and 
I  forts  Constitution  and  McClary,  and  batteries  on  Jerry's 
Point  and  Gerrish's  Island,  Portsmouth  Harbor,  N.  H. 
Engint*er  Ist  and  2d  Liglithoiise  Districts.  Member  of 
Board  to  examine  and  report  upon  the  foundation  of  the 
Washington  Monument. 

Robert  S.  Williamson...    On  detached  serN'ice.    Engineer  12th  Lighthouse  District. 
Member  of  Board  of  Engineers  for  the  Pacific  Coast. 

Quincy  A.  Gillmore In  charge  of  conatniction  of  forts  Wadsworth,  Tomj)kins, 

Bet.  Major-General  |  and  its  batteries,  N.  Y.,  Macon  and  Caswell,  N.  C.,  Moultrie, 
Sumter,  John.s<m,  and  Cattle  Pinckney,  S.  C!,  Jackson 

,  and  Pula«4ki,  Ga.,  Clinch  and  Mari(m,  Fla.,  and  temporary 
chargQ  of  forts  M(»nrot^  and  Wool,  Va. ;  imi)rovement  of 
the  bar  at  the  mouth  of  St.  John's  Riyer,  and  of  the  in- 
side passage  between  St.  John's  River  and  Nassau  Inlet, 
Fla.,  Charlest-on  Harbor,  S.  C,  Savannah  River  and  Harbor, 
and  harbor  of  Darien,  Ga.  Member  of  Board  t«  test  the 
strength  and  value  of  all  kinds  of  iron,  steel,  and  other 
metals  submitted  to  it.  Member  of  Conmiission  on  re- 
pavement  of  Pennsylvania  Avenue,  Washington,  D.  C. 
Member  of  Board  of  Engineers  on  improvement  of  Charle»- 

I  ton  Harbor,  S.  C.  Member  of  Board  to  examine  and  re- 
port upon  the  foundation  of  the  W^ashington  Monument. 
Member  of  Board  of  Officers  for  the  examination  of  can- 
didates for  promotion  in  the  Cori)s  of  Engineers. 
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Rank  and  Name. 


Dl'TIES. 


UEUTEXANT-COLOXELS. 

(continued.) 

Thos.  Lincoln  Casey  ....    In  charge  of  tlie  Ist  and  2d  Divisions,  Office  of  the  Chief  oi 
Bvt.  Colonel.  Engineers;  of  Public  Buildings  and  Grounds  and  certain 

Public  Works  in  the  District  of  Columbia;  of  work  upon 
the  building  for  the  State,  War,  and  Navy  Departments, 
of  the  Washington  Aqueduct,  and  the  construction  of  the 
Washington  National  Monument.  Member  of  Board  to 
a<lvise  uimui  the  ventilation  of  the  Hall  of  the  House  of 
Representatives. 

Nathaniel  Michler In  charge  of  improvement  of  harbors  of  Port  Clinton,  Mon- 

Brt.  Brig.  General.         roe,  Toledo,  Sandusky  City,  Huron,  VennilUon,  and  Black 
River,  on  Lake  Erie. 

MAJORS. 

John  Ct.  Parke In  charge  of  the  3<l  Division,  Office  of  the  Chief  of  Engineers. 

Urt.  Major-Generah,      Member  of  Boaril  of  Officers  to  prescribe  rules  and  regula- 
tions for  contracts  under  the  War  Department. 


Gonvemeur  K.  Warren.. 
Bvt.  Major-Gemral. 


In  charge  of  construction  of  defenses  of  New  Bedford  Har- 
bor, Mass.,  Narragausett  Bay,  R.  I.;  improvement  of  har- 
bors of  Wareham,  Hyanuis,  Fall  River,  and  New  Bedford, 
Mass.,  Wickford  and  Newport,  R.  I.;  improvement  oi 
rivers  Taimton,  Mass.,  Pawtucket  and  Providence,  R.  I., 
and  Pawcatuck,  R.  I.,  and  Conn.,  and  Connecticut,  Conn.; 
Narragausett  Bay,  R.  I.j  and  Little  Narragausett  Bay,  R. 
I.,  and  Conn. ;  construction  of  Breakwater  at  Block  Island, 
R.  I. ;  examining  and  reporting  upon  constructing  rail- 
road bridges  across  the  Mississippi  River  between  St. 
Paul  and  St.  Louis,  ike.  Member  of  Board  of  Officers  to 
consider  and  report  upon  plan  and  location  for  bridge  pro- 
posed to  be  built  across  tlie  Ohio  River  by  the  Common- 
wealth Bridge  Company. 

In  charge  of  construction  of  fort,  on  Alcatraz  Island,  and  of 
defenses  at  Lime  Point,  Sau  Francisco  Bay;  Breakwater 
at  Wihnington  Harbor,  Cal. ;  improvement  of  Oakland 
Harbor,  and  Sacramento  and  Feather  rivera,  Cal.  Mem- 
ber of  Board  of  Engineei-s  for  the  Pacific  Coast.  Member 
of  Advisory  Board  of  Comuiissiouers  on  the  Harbor  Line« 
of  San  Francisco. 

Hemy  L.  Abbot Ctmimanding  Engineer  Depot  and  Post  of  Willets  Point,  and 

Bvt.  Brig.  General.  Battalion  of  Engineers.  In  charge  of  construction  of  Fort 
Schuyl«*r  and  ^)rt  at  Willets  Point,  N.  Y.,  and  of  ex- 
))eriments  with  toriiedoes.  On  s<'rvice  witli  Battalion 
in  Baltimore,  Md.,  Phihulelphia  and  Easton,  Pa.,  dur- 
ing the  railroa<l  riots  of  lr*77.  Member  of  Commission  to 
examine  into  the  mutter  of  contracts  between  the  United 
States  and  tlie  Moline  Water  Power  Company. 


George  H.  Meiidell 

Bri.  Colonel. 


William  P.  Craiighill.... 
Brt.  Lieut.   Colonel . 


In  charge  of  construction  of  defenses  of  Baltimore,  Md.,  and 
Washingt<»n,  1).  C. ;  iiiii>rovcmeiit  of  Chester,  Wicomico, 
Elk,  and  l*occmioke  riviTs,  Md.,  James  and  Appomattox 
rivers,  Va.,  Givat  Kanawha,  New,  and  Elk  rivers.  West 
Va.,  and  Cape  Fetir  River,  N.  C,  and  of  the  harl>or  of 
Baltimore,  and  inner  harbor  at  Cambridge,  Md.  Member 
of  Board  for  survey  of  the  harbor  of  Baltimore  City  and 
adjacent  waters.  Member  of  Board  of  Engineers  to  report 
uiMm  ])lan  of  a  lock  and  gate  proposed  to  be  substituted 
by  Major  Merrill  for  the  lock  and  ^ate  heretofore  approved 
in  connection  with  the  construction  of  first  movable  dams 
on  the  Ohio  River.  On  duty  in  Europe  for  the  purpose  of 
gathering  professional  information  resi)ecting  the  con- 
struction 01  movable  dams  and  similar  structures. 
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Rank  and  Name. 


Duties. 


MAJORS. 

(continued.) 
Cyrus  B.  Comstock .-.--. 
Bvt,  Brig,  General. 


Godfrey  Weitzel 

Bvt  Major-General 


Orlando  M.  Poe 

Bvt,  Brig,  General 


David  C.  Houston 
Bvt.  Colonel. 

George  H.  Elliot.. 

Henry  M.  Robert . 

William  E.  Merrill 
Brt,  Colonel. 


In  charge  of  the  survey  of  Northern  and  Northwestern  Lakes 
and  survey  of  the  Mississippi  River.  Detailed  to  report 
upon  the  depth  and  width  or  a  channel  secured  and  main- 
tained bv  jetties  constructed  by  James  B.  £ads  at  the 
mouth  of  tne  Mississippi  River. 

In  charge  of  improvement  of  the  falls  of  the  Ohio  River, 
and  Louisville  and  Portland  Canal;  of  St.  Mary's  Falls 
Canal,  St.  Marj'^s,  Detroit,  and  Sebawaing  rivers,  Mich., 
of  harbors  of  Au  Sable  River,  St.  Clair  River  at  mouth 
of  Black  River,  and  Thunder  Bay:  Harbor  of  Refuse  on 
Lake  Huron,  fengineer  11th  Lighthouse  District.  Mem- 
ber of  Board  of  Officers  to  consider  and  report  upon  project 
for  a  bridge  across  the  Ohio  River  at  Beaver,  Pa.  Mem- 
ber of  Board  of  Engineers  to  examine  and  report  upon 
condition  of  channel-way  of  the  river  opposite  La  Crosse, 
Wis.  Member  of  Board  of  Officers  to  consider  and  report 
upon  plan  and  location  for  bridge  proposed  to  be  built 
across  the  Ohio  River  by  the  Commonwealth  Bridge  Com- 
pany. Member  of  Board  of  Engineers  to  report  ujion  plan 
of  a  lock  and  gate  proposed  to  be  substituted  by  Mi^or 
Merrill  for  the  lock  and  gate  heretofore  approved  in  con- 
nection with  the  construction  of  first  movable  dams  on  the 
Ohio  River. 

On  detached  service.  Aide-de-camp  on  the  personal  staff 
of  the  General  of  the  Army  with  the  rank  of  Colonel. 
Member  of  Lighthouse  Board.  Member  of  Commission  of 
Engineers  to  devise  means  of  permanent  protection  against 
destruction  of  wharves  in  harbor  of  New  Orleans  by  en- 
croachments of  the  Mississippi  River.  Member  of  Board 
of  Engineers  to  report  upon  plan  of  a  lock  and  ^ate  pro- 
posed to  be  substituted  by  MJEgor  Merrill  for  the  lock  and 
gate  heretofore  approved  in  connection  with  the  con- 
struction of  first  movable  dams  on  the  Ohio  River. 

In  chaige  of  harbor  improvements  at  Milwaukee,  Racine, 
and  Kenosha;  improvement  of  the  Fox  and  Wisconsin 
rivers. 

In  charge  of  the  4th  and  5th  Divisions,  Office  of  the  Chief 
of  Engineers. 

In  charge  of  harbor  improvements  at  Ontonagon,  Eagle 
Harbor,  Marquette,  Meuomonee,  Green  Bay,  Ahnepee, 
Two  Rivers,  Manitowoc,  Sheboygan,  Port  Washington, 
and  Harbor  of  Refuge  at  entrance  of  Sturgeon  Bay  Canal. 

In  charge  of  improvement  of  the  Ohio  and  Monongahela 
rivers;  the  Little  Kautiwha  and  Guyandotte  rivers,  W. 
Va.,  and  Big  Sandy  River,  Ky. ;  construction  of  Harbor 
of  Refuge  at  or  near  Cincinnati.  Engineer  14tli  Light- 
house District.  Member  of  Board  of  Officers  to  consider 
and  report  upon  project  for  a  bridge  across  the  Ohio  River 
at  Beaver,  Pa.  Member  of  Board  of  Engineers  to  examine 
and  report,  upon  condition  of  channel-way  of  the  river 
opposite  La  Crosse,  Wis.  Member  of  Board  of  Officers  to 
consider  a  bridge  proposed  to  be  built  across  the  Ohio 
River  by  the  Commonwealth  Bridge  Company.  Member 
of  Boan'l  of  Engineers  to  i-eport  uiwn  plan  of  a  lock  and 
pate  proposed  to  lie  substituted  by  Major  Merrill  for  the 
Jock  and  ^ate  heretofore  approved  in  connection  with  the 
construction  of  first  movable  dams  on  the  Ohio  River. 
On  duty  in  Euro])e  for  the  pur])ose  of  gathering  profes- 
sional information  i*espocting  movable  dams  and  similar 
structures. 
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Rank  and  Name. 


DUTIE8. 


MAJORS. 

(continued.) 
Walter  McFarland. 


In  charge  of  inipn>vpnient  of  harbors  of  Rocky  River,  Cleve- 
land, Fairport,  Ashtabula,  Conneaut,  Erie,  Dunkirk,  and 
Buffalo,  on  Lake  Erie;  and  construction  of  Fort  Porter, 
N.  Y.,  Fort  Wayne,  Mich.,  and  forts  Ontario  and  Niagara, 
N.  Y. ;  of  harbor  improvements  at  Olcott,  Oak  Orchard, 
Charlotte,  Pultney  viUe,  Big  Sodus,  Little  Sodus,  Oswego, 
Ogdensburg,  Wilson,  and  Waddington,  N.  Y.  Engineer 
10th  Lighthouse  District. 


Orville  E.  Bal>cock •  On  detached  service. 

Bvi,  Brig.  General. 


Engineer  5th  Lighthouse  District. 


John  M.Wilson.... 
Brt.  Colonel. 


In  charge  of  works  for  defense  of  the  month  of  the  Colum- 
bia River,  and  inipi*ovement  of  the  Willamette,  Columbia, 
and  Snake  rivers;  construction  of  canal  around  the  Cas- 
cades of  the  Columbia  River.  Engineer  13th  Lighthouse 
District. 

Franklin  Harwood In  charge  of  St.  Clair  Flats  Canal,  and  improvement  of 

Brt.  Lieut.  Colonel.       Saginaw  River,  and  Cheboygan  Harbor,  Mich. ;  of  har- 
bors of  An  Sable  River,  St.  Clair  River  at  mouth  of  Black 
,      River,  and  Thunder  Bay. 

John  W.  Barlow |  In  charge  of  forts  Griswold  and  Hale,  and  the  construction 

Brt.  Lieut.  Colonel.       of  Fort  Trumbull,  Conn. ;   improvement  of  harbors  of 
Stonington.  New  Haven,  Bridgeport,  Milford,  Southport 
I      and  Norwalk,  Conn.,  and  Port  Jefferson,  N.  Y. ;  improve- 
I      nient  of  Housatonic  and  Thames  rivers,  Conn. 

Peter  C.  Hains I  On  detached  service.     Engineer  Secretaiy  to  Lighthouse 

Bvt»  Lieut.  Colonel.^      Board. 

Francis  U.  Farquhar....  In  chtu'ge  of  harbor  improvements  at  Superior  City,  Supe- 
Bvt.  Lieut.  Colonel.  \  rior  Bay,  and  Duluth ;  improvement  of  Falls  of  St.  An- 
j  thony,  and  of  the  Mississippi  River,  above  the  Falls  of 
St.  Anthony ;  improvement  of  Chippewa  and  Minnesota 
rivers  and  the  Red  River  of  the  North ;  constraction  of 
Meeker's  Island  lock  and  dam.  In  charge  of  harbor  im- 
provements of  the  Mississippi  River,  from  St.  Paul  to  the 
mouth  of  the  Illinois  River;  of  the  upper  Mississippi 
River  and  Rock  Island  Rapids  of  the  Mississippi  River ; 
harbors  of  Fort  Madison,  Burlington,  and  Dubuque,  Iowa, 
Galena  River  and  Harbor,  111. ;  the  survey  for  the  im- 
provement of  that  portion  of  the  ^^  Miwi^Hppi  route*'  des- 
ignated by  the  Senate  Select  Committee  on  Transportation 
Routes  to  Seaboanl,  as  improvements  upon  a  system  to 
be  provided  so  as  to  give  fnnn  4i  to  6  feet  depth  of  wat.C5r 
at  lowest  stages  from  Falls  of  St.  Anthony  to  Alton ;  the 
protection  of  the  piers  of  the  Rock  Island  Government 
Bridge. 


George  L.  Gillespie 

Brt.  Lieut.  Colonel 

Charles  R.  Suter 


On  leave  of  absence  in  Europe. 

In  charge  of  improvement  of  the  Mississippi,  Missouri,  Ar- 
kansfis,  White,  and  St.  Francis  rivers — removal  of  snags, 
&c.  Improvement  of  the  Missouri  River  at  the  following 
localities:  St.  Joseph,  Council  Bluffs,  Omaha,  Nebraska 
City,  Atchison,  EaHtiK)rt,  Fort  Leavenworth,  and  Sioux 
City.  Survey  of  the  Missouri  River  from  its  mouth  to 
Sioiix  City.  Engineer  15th  Lighthouse  District.  Mem- 
ber of  Boanl  of  Engineers  to  examine  and  report  upon  the 
most  advisable  measure  for  preserving  the  water-tront  of 
Vicksburg.  Member  of  Board  of  Officers  to  consider  and 
rei)ort  ui>on  ])lan  and  location  of  bridge  proposed  to  be 
erected  over  the  Missouri  River  at  or  near  Glasgow,  Mo. 
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Rank  and  Name. 


MAJORS. 

(continued.) 
Jaretl  A.  Smith 


Samuel  M.  Manafielcl 

Bit.  Lkut.  Colonel. 


William  J.  Twining  .. 

CAPTAINS. 


William  R.King.. 
Jh't.  Major. 


Wm.  II.  H.  Benyauiil . 
Bvt.  Major. 


CbarleH  W.Howell.. - 
Bri.  Major. 


OaiiH't  J.  Lyrteeker 

Arthur  H.  Bumbam 

Amofi  Stic'kney 

Brt.  Major. 


Duties. 


In  charge  of  the  improvement  of  the  Waha.sh  River  and 
harbors  of  Michigan  City  and  New  Buffalo. 

In  charge  of  harbor  improvements  at  Charlevoix,  Frank- 
fort, ManiHtee,  Ludingt(m.  Pentwater,  W^hite  River,  Mus- 
kegon, Grand  Haven,  Black  Lake,  Saugatuck,  South  Ha- 
ven and  St.  Joseph,  on  Lake  Michigan. 

On  temporary  duty  in  the  Office  of  the  Chief  of  Fingineers. 


In  chargi^  of  improvement  of  the  Tennessee  River,  Cumber- 
land River  atiove  and  below  Nashville,  Tenn.,  and  Hia- 
wiissee  River,  Tenn. ;  Oostenaula,  Coosawatt-^^e,  Etowah, 
Oconee,  and  Ocnnilgee  rivei-s,  Ga.,  and  Coosa  River,  Ga. 
and  Ala. 

In  charge  of  improvement  of  tlie  L'Anguille  River,  Ark., 
and  the  Ouachita  River  in  La.  and  Ark.,  Yazoo  River  in 
Miss.,  and  Cypress  Bayou,  Tex. ;  of  water-gauges  on  the 
Misftissinpi  River  and 'it«  principal  tribut-aries ;  improve- 
ment of  mouth  of  the  Red  River,  La.,  and  harbors  of 
Memphis,  Tenn.,  and  Vicksburg,  Miss.,  and  the  Missis- 
sippi River  at  those  points ;  removal  of  raft,  snags,  and 
other  obstnictions  from  Red  River,  and  closing  Tone's 
Bayou.  Mc^mber  of  Board  of  Engineers  to  examine  and  re- 
port upon  the  most  advisable  measure  for  preserving  the 
wat-er-front  of  Vicksburg.  Member  of  Commission  of 
Engineers  to  devise  means  of  permanent  protection 
against  destruction  of  wharves  in  harbor  of  New  Orleans 
by  encroachments  of  the  Mississippi  River. 

In  charge  of  construction  of  forts  Pike,  Macomb,  Tower  Du- 
pr^.  Battery  Bienvenue^  Tower  at  Proctorsville,  and  forts 
Jackson,  St.  Philip,  anu  Livingston ;  improvement  of  the 
mouth  of  the  Mississippi  River  at  Southwest  Pass ;  of  New 
Orleans  and  Galveston  harbors,  Sabine  Pass  and  Red  Fish 
Bar  in  Galveston  Bay ;  improvement  of  ship-channel  San 
Jacinto  River  to  Bolivar  Channel,  Galveston  Bay,  Texas; 
improvement  of  Pass  Cavallo,  Texas.  Removal  of  wrecks 
and  other  obstructions  to  navigation  at  Brazos  Santiago, 
Tex.,  and  in  Bayou  La  Fourche,  La. ;  improvement  of  the 
narrows  above  Orange  on  Sabine  River,  Tex.,  and  deep- 
tuning  the  channel  at  mouth  of  said  river;  deepening  chan- 
nel at  mouth  of  Trinity  River,  Tex.,  and  removal  of  ob- 
structions to  Liberty;  deepening* of  chainiel  at  mouth  of 
Neches  River,  Tex.,  "and  removal  of  obstructions  to  Beau- 
mont. Member  of  Board  of  Engineers  to  consider  questions 
relating  to  imi)rovc»ment  of  (iah't^ston  Harbor  and  en- 
trance. Member  of  Connnission  of  Engineers  to  devise 
means  of  permanent  ]»roteetion  against  destruction  of 
wharves  in  harbor  <»f  New  Orleans  by  encroa<'hmeuts  of 
the  Missisisippi  River.  . 

Engineer  Officer,  Mil.  I)iv.  of  the  Missouri.  In  charge  of 
the  construction  of  the  harboi-s  of  Chicago,  Calumet, 
Michigan  City,  and  New  Buffalo,  and  the  improvement  of 
the  Illinois  River. 

On  duty  under  immediate  orders  of  Colonel  Benham.  Died 
S<'ptember  12,  lt?77. 

On  duty  under  immediate  orders  of  Colonel  Macomb.  In 
charge  of  the  Des  Moines  Rapids  Canal  and  the  improve- 
ment of  the  Des  Moines  Rapids  of  the  Mississippi  River, 
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Rank  and  Name. 


Dl'TIKS. 


t'APTAlXS. 

(oontiinKMl. ) 
Jauies  \V.  Cuyler  . . 


Alexander  Mackenzie 


Oswald  H.  Eniijt.'- 

Da^ndP.  Heap 

William  laXViHoYr . .  . . . . 

Btt.  Lieut,  Colonel 


•Charles  B.  Phillips . 


William  A.  Jonea  — 

Andrew  N.  Damrell , 
Brt,  Major. 


Charles  J.  Allen  - 
Brt,  Major. 


Charles  W.  Raymond 
Lewis  C.  Overman  - ,  - 
Alexander  M.  Miller. . 


Micah  R.  Brown 


On  duty  under  tlie  innnedi;ite  orders  of  Major  CraUjhUJ.  In 
teniponiry  charge  ol'the  upper  New  River,  W.  Va. 

On  duty  un<ler  immediate  onlew  of  Major  WrltzeU  In  tem- 
porary charge  of  improvement  of  the  falls  of  the  Ohio 
River  and  Liuiisville  and  Portland  Canal;  of  St.  Mary *« 
Falls  Canal,  iSt.  Mary's,  St.  Clair,  Detroit,  and  Sehawaing 
rivers,  Mich. ;  Harhor  of  Refuge  on  Lake  Huron.  En- 
gineer 11th  Lighthouse  District. 

Commanding  Company  E,  Battalion  of  Engineers.  On 
duty  at  the  Military  Aea4leniy  as  instructor  of  Practical 
Military  Engineering,  Military  Signaling,  and  Telegraphy. 

On  duty  under  iimne<liate  orders  of  Major  Warren. 

On  duty  under  immediate  orders  of  Lieutenant-Colonel 
Kurtz.  In  temporary  charge  of  construction  of  forts  Del- 
aware, Del.,  and  Mifflin,  Pa.,  battery  at  Finn's  Point,  N. 
J.,  and  work  opposite  Fort  Delaware,  piers  at  New  Castle 
and  Lewes,  Del. ;  harbor  improvements  at  Wilmington, 
Del.,  and  on  Delaware  River  and  Bay;  improvement  of 
the  Shrewsbury  River  and  Cohansey  Creek,  N.  J.,  Dela- 
ware and  Broadkiln  rivers,  Del.,  and  Schuylkill  River, 
Pa.    On  duty  under  immediate  orders  of  Colonel  Macomb, 

On  duty  under  immediate  orders  of  Major  Craighill.  In 
temporary  charge  of  construction  of  defenses  of  Balti- 
more, Md.,  and  Washington,  D.  C. ;  improvement  of 
Chester,  Wicomico,  Elk,  and  Pocomoke  rivers,  Md., 
James  and  Appomattox  rivers,  Va.,  Great  Kanawha, 
New,  and  Elk  rivers,  W.  Va.,  and  Cape  Fear  River, 
N,  C,  and  of  the  harbor  of  Baltimore,  and  inner  harbor 
at  Cambridge,  Md.  Member  of  Advisory  Board  to  Statu 
Harbor  Conmiisslon  of  Norfolk  and  Portsmouth. 

On  detached  service.     Engineer  6th  Lighthouse  District. 

In  charge  of  construction  of  defenses  of  Mobile  and  Peiisa- 
cola,  and  fort  on  Ship  Island,  Miss. ;  improvement  of  har- 
boi-s  of  Pensacola  and  Cedar  Keys,  Fla.,  and  Mobile,  Ala. ; 
of  Chattahoochee  and  Flint  rivers,  Ga.,- Alabama  an<l 
Pascagoula  rivers.  Miss.,  Appalachicola  River,  Fla.,  and 
Warrior  and  Tombigbeo  rivers,  in  Ala.  and  Miss. ;  re- 
moval of  obstructions  in  the  Choctawhatchie  River,  Ala. 
and  Fla.     Engineer  8th  Lighthouse  District. 

On  duty  under  immediate  ordere  of  Colonel  Simpson.  Mem- 
lier  (»f  Board  of  011icei*s  to  consider  aiul  report  upon  plan 
and  locatir>n  of  bridge  pro])osed  to  be  erected  over  the 
Missouri  River  at  or  near  Glasgow,  Mo. 

On  detached  service.     On  duty  at  the  Military  Academy. 

On  duty  under  immediate  orders  of  Captain  Kiytg. 

Commanding  Company  B,  Battalion  of  Engineers;  on  serv- 
ice with  Battalion  in  Baltimore,  Md.,  Philadelphia  and 
Easton,  Pa.,  during  the  railroad  riots  in  1^77.  Member  ot 
general  court-martial  to  meet  at  Easton,  Pa.,  August  10, 
1877.  Mendicr  of  general  court-martial  to  meet  at  WiUets 
Point,  .New  York  Harbor,  May  31,  1878. 

Temporarily  detailed  to  report  upon  the  depth  and  width 
of  a  channel  secured  and  maintained  by  jetties  construct- 
ed by  James  B.  Eads  at  the  mouth  of  the  Mississippi 
River.  On  duty  under  the  immediate  orders  of  Major 
Coimtock  in  connection  with  the  jetties  constructed  by 
James  B.  Eads  at  the  mouth  of  the  Mississippi  River. 
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Rank  and  Name. 


CAPTAINS. 

(continued.) 
Milton  B.  Adanjs 

\Vm.  R.  Livennore... 

William  H.Heuer.... 
Williams.  Stanton  .. 

A.  Nisbet  Lee 

Thomas  H.  Hand  bury 


James  C.  Post ... 
James  F.  Gregory 

Henrj'  M.  Adams 
James  Mereur  ... 


Chas.  E.  L.  B.  Davis... 
Benjamin  D.  Greene  ... 

FIRST  LIEUTENANTS. 

George  M.  Wheeler  . ... 


James  B.  Quinn 


Duties. 


On  duty  under  inmiediate  orders  of  Lieutenant-Colonel 
Blunt.  On  duty  under  immediate  ordei-s  of  Major  Mc- 
Farlattd. 

Commanding:  Company  C,  Battalion  of  Engineers;  on  serr- 
ice  with  Battalion  in  Baltimore,  Md.,  Philadelphia  and 
Easton,  Pa.,  during  the  railroad  riots  of  1877. 

In  charge  of  construction  of  forts  Jeflfersou  and  Taylor,  Fla. 
Engineer  7th  Lighthouse  District. 

On  detached  service.    Engineer  Officer,  l)ex)artmeut  of  the 

On  duty  under  iimnediate  onlers  of  Major  WeiizeL  On 
duty  under  immediate  orders  of  Captain  Mackenzie, 

Commanding  Company  A,  Battalion  of  Engineers ;  on  serr- 
ice  with  Battalion  in  Baltimore,  Md.,  Philadelphia  and 
Easton,  Pa.,  during  the  railroad  riots  of  1877.  Member  of 
general  court-martial  to  meet  at  Willets  Point,  New  York 
Harbor,  May  31,  1878. 

On  duty  under  imnuHliate  onlers  of  Lieutenant-Colonel 
Gillmore, 

On  detached  service.  Engineer  Officer,  Dept.  of  Texas. 
Meml>er  of  general  court-martial  to  meet  at  Fort  Clark, 
Tex.,  October  15,  1877.  Commanding  Company  C,  Bat- 
talion of  Engineers. 

In  temporary  charge  of  the  survey  of  Northern  and  North- 
western Lakes  and  survey  of  the  Mississippi  River.  On 
duty  under  immediate  orders  of  Major  Comstock. 

In  temporary  charge  of  construction  of  forts  Montgomery, 
ColumbusJ  Castle  Williams,  JSouth  Battery  Governor's 
Island,  Wood,  Hamilton,  and  additional  batteries,  Mortar 
Battery  at  Fort  Hamilton,  and  fort  at  Sandy  Hook.  In 
temporary  charge  of  manufacture  and  supply  of  mastic : 
improvement  of  the  Hudson  Kiver,  Harlem  River,  ana 
East  Chester  Creek,  X.  Y.,  Otter  Creek,  Vt.,  and  Passaic 
River,  X.  J. ;  removal  of  obstructions  in  the  East  River, 
including  Hell  (Jate,  N.  Y. :  improvenu^ut  of  channel  be- 
tween Staten  Island  and  SVw  Jersey;  harbor  improve- 
ments at  Burlington  and  JS wanton,  Vt.,  Rondout,  Port- 
chester,  and  Plattsburgh,  N.  Y. ;  the  sui'\-ey  of  so  much 
of  the  3d  subdivision  of  the  ^'Xorthern  roM<c"  designated 
by  the  Senate  Select  Committ^^e  on  Transportation  Routes 
to  Seaboard,  as  extends  from  Troy,  on  the  Hudson  River, 
to  New^  York  City,  under  immediate  orders  of  Lieutenant- 
Colonel  Xewton. "  Recorder  of  Board  of  Engineera  on  im- 
provement of  Charleston  Harbor,  S.  C. 

On  duty  under  immediate  orders  of  Captain  ITowell. 

Adjutant  Battalion  of  Engineers  and  Post  of  Willets  Point. 
Post  Treasiu'er  and  Signal  Officer. 

In  charge  of  Geographical  Surveys  of  the  teiritory  west  of 
the  lOOtli  meridian. 

Q.  M.  Battalion  of  Engineers.  A.  A.  Q.  M.,  A.  C.  S.,  and 
Recruiting  Officer  Post  of  Willets  Point.  On  service  with 
Battalion  in  Baltimore,  Md.,  Philadelphia  and  Easton. 
Pa.,  during  the  railroad  riots  of  1877.  Member  of  general 
court-martial  to  meet  at  Willets  Point,  New  York  Har- 
bor, May  31,  1878. 
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Rank  and  Namc. 


riKST  LIEUTENANTS. 

(continued.) 
Daniel  W.  Lockwood  . . 


Ernest  H.  Ruifiier 


John  C.  Mallery. 


Clinton  B.  Sears 
Thomas  Turtle  . . 

Edward  Magiiire 


Frederick  A.  Mahan  -  - . . 


Charles  F.  Powell 

Frederick  A.  Hinman . 
Albert  H.  Payson 


John  G.  D.  Knight... 
Richard  L.   Hoxie...- 


Edgar  W.  Bas8. 


William  L.  Mareball.. 
Jowph  H.  Willard... 


Eric  Bergland 

Hamuel  £.  Tillman 
Fhilip  M.  Price  ... 


Duties. 


On  dnty  nndor  immediate  orders  of  Captain  H.  M.  Adams. 
On  duty  under  immediate  orders  of  Major  Comstovk. 

On  detached  senice.  Engineer  Officer,  Depart;ment  of  the 
Missouri.  Member  of  general  court-martial  to  meet  at 
Leavenworth  Military  Prison,  Kan.,  November  2,  1877. 
Member  of  general  court;-martial  to  meet  at  Fort  Lyon,  Col. 

On  detached  service.  Engineer  Officer,  Mil.  Div.  of  Pacific 
and  Department  of  California.  On  temporary  duty  with 
the  Commissioner  of  Education  in  connection  with  the 
Paris  Exposition,  &c.  On  duty  with  Board  of  Commis- 
sioners to  determine  the  Boundary  Line  between  the 
States  of  Virginia  and  West  Virginia. 

On  detached  service.     On  duty  at  the  Military  Academy. 

On  duty  under  immediate  orders  of  Major  CraighiU,  On 
duty  under  immediate  orders  of  Captain  PkUHpe, 

On  detached  service.  Engineer  Officer,  Department  of 
Dakota.  In  charge  of  the  improvement  of  the  Missouri 
River  above  the  mouth  of  the  Yellowstone  under  the  di- 
rection of  the  Chief  of  Engineers,  and  the  survey  of  the 
Yellowstone  River. 

On  duty  under  immediate  orders  of  Major  Merrill.  In 
temporary  charge  of  improvement  of  the  Ohio  and  Mo- 
nongahela  rivers;  the  Little  Kanawha  and  Guyandotte 
rivers,  W.  Va.,  and  Big  Sandy  River,  Ky.,  construction 
of  Harbor  of  Refuge,  at  or  near  Cincinnati.  Engineer 
14th  Lighthouse  District.  Recorder  of  Board  of  Engineers 
to  examine  and  report  upon  plan  of  a  lock  and  gate  pro- 
posed to  be  substituted  by  Major  Merrill  for  the  lock 
and  gate  heretofore  ap))roved  in  connection  with  the  con- 
stmction  of  first  movable  dams  on  the  Ohio  River. 

On  duty  under  immediate  orders  of  Captain  H.  M,  Adams. 
On  duty  under  imnunliat*'  orders  of  Major  Comstock, 

On  duty  under  immediate  orders  of  Major  Houston. 

On  duty  under  imuKMliate  orders  of  Lieutenant-Colonel 
Stctcarty  and  of  the  Boanl  of  Engineers  for  the  Pacific  Coast. 

On  detached  service.     On  duty  at  the  Military  Academy. 

On  detached  service.  Chief  Engineer  of  the  District  of 
Columbia  under  the  direction  of  the.  Board  of  Commis- 
sionei*s. 

On  detached  w^rv'ice.  On  duty  at  the  Military  Academy. 
Resigned  May  2,  It^r^. 

On  duty  under  immediate  ordei-s  of  Captain  King. 

On  duty  under  imme<liate  orders  of  Captain  Mercur.  On 
duty  under  immediate  onlei*s  of  Lientenant-Coloncd  New- 
<o«.  Recorder  of  Board  ap))ointe<l  to  cooperate  with  the 
authorities  of  the  State  ot  New  York  in  examining  and 
deciding  u^wn  exterior  pier  and  bulkhead  lines  on  Hud- 
son River  trom  State  dam  at  Troy  to  the  city  of  Hudson. 

On  duty  under  immediate  orders  of  Lieutenant  Wheeler, 

On  duty  under  immediate  orders  of  Lieutenant  Wheeler. 

On  duty  under  immediate  onlers  of  Captain  ff.  M.  Adams. 
On  duty  under  immediate  orders  of  Major  Comstock. 
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Statement  ffhoicing  rani-  and  dnfies  of  offieern  of  Corps  of  Engineern — Coii'd. 


Raxk  and  Xame. 


FIR8T  LlEI'TKNAXrs. 

(coiitimieil.) 
Francis  V.  GreeiKu 


DrTiEs. 


Carl  F.  Palfi-ey  ... 
WiUiarn  H.  Bixby 
Henry  S.  Taber... 


William  T.  Rossell 

Thomas  N.  Bailey 

ThoB.  W.  Symons 

SECOND  LIEUTENANTS. 

Smith  S.  Leach 


Dan  C.  Kingman. 


Eugene  Griffin . 


Willartl  Young  . 


William  M.  Black. 


Walter  L.Fisk 


Solomon  W.  Roessler. . . 

U.  S.  CIVIL  ENGINEERS. 

Clarence  King 

S.  T.  Abert 


M.  Meigs . 


On  (lotached  service.  On  duty  unchT  the  Department  of 
State  as  Military  Attache  to  the  U.  S.  Legation  at  8t. 
Petei*Hburg. 

On  detached  service.    On  duty  at  the  Military  Academy. 

On  detached  service.    On  duty  at  the  Military  Academy. 

On  duty  at  the  Military  Academy,  and  with  Company  E, 
Battalion  of  Engineers. 

On  detached  service.    On  duty  at  the  Military  Academy. 

On  detached  service.    On  duty  at  the  Military  Academy. 

On  duty  under  immediate  orders  of  Lieutenant  Wheeler. 


On  duty  with  Company  C,  Battalion  of  Enffineere ;  on  serv- 
ice with  Battalion  in  Baltimore^  Md.,  Philadelphia  and 
Easton,  Pa.,  during  tlie  railroad  riots  of  1877.  Judge- 
advocate  of  general  court-martial  to  meet  at  Easton,  Pa. , 
August  10,  lg77. 

On  duty  with  Company  C,  Battalion  of  Engineers ;  on  service 
with  Battalion  in  Baltimore,  Md.,  Philadelphia  and  East- 
on,  Pa.,  during  the  railroad  riots  of  1877.  On  temporary 
duty  under  immediate  orders  of  Lieutenant-Colonel  Gill- 
more  in  connection  with  tlie  Washington  Monument.  On 
duty  with  Company  A,  Battalion  of  Engineers. 

On  duty  with  Company  B,  Battalion  of  Engineers;  on  serv- 
ice with  Battalion  in  Baltimore,  Md.,  Pliiladolphia  and 
Easton,  Pa.,  during  the  railroatl  riots  of  1877.  On  duty 
under  immediate  orders  of  Lieut'Cnant  Wheeler.  On  tem- 
porary duty  with  Battalion  of  Engineers. 

On  duty  with  Company  A,  Battalion  of  Engineers;  on  serv- 
ice with  Battalion  in  Baltimore,  Md.,  Philadelphia  and 
Easton,  Pa.,  during  the  railroad  riots  of  1877.  On  duty 
under  immediate  orders  of  Lieutenant  Wheeler, 

On  duty  at  U.  S.  Military  Academ.v.  On  duty  with  Com- 
pany C,  Battalion  of  Engineei-s.  Slember  of  general  court- 
martial  to  meet  at  Willets  Point,  New  York  Harbor,  May 

31, 1878. 

On  duty  at  U.  S.  Militarj-  Academy.  On  duty  with  Com- 
pany B,  Battalion  of  Engineers.  Member  of  general  court- 
martial  to  meet  at  Willets  Point,  New  York  Harbor,  May 

31,  1878. 

On  duty  with  Company  A,  Battalion  of  Engincera.  Judge- 
advocate  of  general  court-nmrtial  to  meet  at  Willets 
l*oint,  New  York  Harbor,  May  31,  1878. 

In  charge  of  Geological  Exi)loration  of  40th  Parallel. 

In  charge  of  improvement  of  Occoquan,  Rappahannock, 
Elizabeth,  Nansemond,  Black  Water,  Ham])ton,  and  Chick- 
ahominy  rivers,  Va.,  Roanoke,  Pamplieo,  PerquimouB, 
and  French  Broad  rivers,  N.  C. ;  of  Aquia,  Accotink,  an<l 
Nomini  creeks,  Va. ;  of  tlie  harbors  of  Washingt^m  aii<l 
Georgetown,  D.  C,  Norfolk,  Va.,  and  harbor  of  Bretou 
Bay,  Leonardtown,  Md. 

On  duty  under  immediate  orders  of  Colonel  Macomb.  Ou 
duty  under  immediate  orders  of  Mivfor  Farquhar. 
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AFFECTING 

THE  CORPS  OF  ENGINEERS. 


FORTY-FIFTH  CONGRESS,  FIRST  AND  SECOND  SESSIONS,  1877-'78. 


CHAP.  1.— An  act  mAking  appropriations  for  the  support  of  the  Army  for  the  fiscal     Nov.  21,  1877. 
year  ending  June  30,  1878,  and  for  other  purposes.  


Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled^  That  the  following  sums  be,  and  ^[{K^J,'^**'""'*- 
the  same  are  hereby,  appropriated,  out  of  any  money  in  the  Treasury         wry  service, 
not  otherwise  appropnated,  for  the  support  of  the  Army,  for  the  year 

ending  June  thirtieth,  eighteen  hundred  and  seventy-eight,  as  follows : 

»  »  »  •  •  «  • 

ExGiXEER  Department.— For  en^neer  depot  at  Willets  Point,  New    Engineer 
York,  namely :  For  purchase  of  engineering  materials  to  continue  the  ^*sch<S  of 
present  course  of  instruction  of  the  engineer  battalion  in  field  engineer- talion. 
ing.  one  thousand  dollars. 

For  incidental  expenses  of  the  depot,  remodeling  ponton-trains,  re-    Incidental   ex 
pairing  iuMtniments,  fuel,  forage,  stationery,  chemicals,  extra-duty  pay,  P*"**^*- 

ordinarv  repairs,  one  thousand  five  hundred  dollars. 

•  #  •  •  •  #  # 

Approved,  November  21,  1877. 


Engineer    De- 
bat- 


^Xa  2.]    Joint  reaolatlon  fixing  a  site  for  the  equestrian  statue  of  General  Greene.        Kov.  23,  1877. 


Besotted  by  the  Senate  and  House  of  Representatives  of  the  Vnited  States 
of  America  in  Congress  assembled,  That  the  statue  of  Major-General  Na-    Site  for  statue  of 
thanattl  Greene,  ordered  by  Congress,  be  erected  at  the  intersection  of  General  Greene. 
Maryland  and  Massachusetts  avenues. 

Approved,  November  23,  1877. 


CHAP.  3.~An  act  to  provide  for  deflclencies  in  the  appropriations  for  the  service  of     Dec»  15, 1877. 

thi-  government  for  the  fiscal  year  ending  June  30, 1878,  and  for  prior  years,  and  for 

other  pnrpoaea. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled,  That  the  following  sums  be,  and     D^flciencv  ap- 
ihf  Kame  are  hereby,  appropriated,  out  of  any  money  in  the  Treasury  propriations. 
not  otherwise  appropriated,  except  as  differently  specified,  for  the  ob- 
jects hereinafter  expressed,  namely : 

•  #•  #  #  •  * 

For  adapting  the  ponds  in  Monument  lot  in  the  city  of  Wiiahington     Cultivation  of 
to  the  culture  of  carp  for  distribution  throughout  the  United  States  carr. 
(the  use  of  which  lot  for  the  purpose  in  question  being  hereby  granted    u»«  o^  lot  for. 
to  the  United  States  Fish  Commission),  the  work  to  be  done  by  the 
♦•ngineer  in  charge  of  public  buildings  and  grounds,  according  to  the 
plana  of  the  United  States  Fish  Commission,  five  thousand  dollars,  to 
be  available  immediately. 

That  the  Secretary  of  War  is  authorized  to  rent  offices  required  for ,  R«*nt  ^  build- 
tht  construction  of  the  State,  War,  and  Navy  Department  building,  and  ^^^  authorized, 
public  buildings  and  grounds,  at  an  aggregate  rental  not  to  exceed  two 
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thousand  oue  hundred  dollars  per  annum^  until  such  offices  can  be  sup  - 
plied  in  buildings  belonging  to  the  government ;  and  to  pay  for  the 
rent  of  the  building  now  occupied  for  said  offices,  from  the  first  day  of 
May,  eigliteen  hundred  and  seventy-seven,  out  of  any  existing  appro- 
priations for  the  State,  War,  and  Navy  Department  buUdiiig,  or  public 
buildings  and  grounds. 

MISCELLANEOUS. 

Navy  'De^'ar^t-     State,  War,  and  Navy  Department  building:  For  continuation  of  the 
mentbuildmg.     east  wing  of  the  buUding,  one  hundred  and  seventy-five  thousand  dol- 
lars ;  and  for  continuation  of  the  north  wing  of  the  building,  one  hun- 
dred and  fifty  thousand  dollars;  in  all,  three  hundred  and  twenty-five 

thousand  dollars. 

«  «  «  #  •  #       •         « 

Approved,  December  15,  1877. 


CHAP.  13. — An  act  for  the  removal  of  obstmctions  ftom  the  Mississippi,  Missouri. 
Feb  7  1878  Arkansas,  and  Red  Rivers  and  for  the  preservation  of  the  pubUc  property. 

Be  it  eiiaci{3d  hy  the  Senate  and  House  of  Representatives  of  tlie  United 
States  of  America  in  Congress  assemhhd,  That  the  sum  of  forty  thousand 
Appropriations,  dollars  bo  and  the  same  is  hereby  appropriated  out  of  any  money  in  the 
Treasuiy  not  otherwise  approiiriated,  to  be  expended  under  the  direc- 
tion of  the  War  Department,  for  the  removal  of  snags  and  other  obstruc- 
Removing   ob-  tions  from  the  Mississippi,  Missouri,  and  Arkansas  Rivers,  and  for  the 
Mls^ssippi    and  pi'^-servation  of  the  government  vessels  in  that  service, 
other  rivers.  Sec.  2.  That  the  simi  of  six  thousand  dollars  be  and  the  same  is  hereby 

Opening  navi-  ajipropriated  out  of  any  money  in  the  Treasury  not  otherwise  appropri- 
friition  of  Red  ated,  to  be  expended  under  the  direction  of  the  War  Department,  for 
River,  La.  the  purpose  of  opening  the  navigation  of  Red  River  above  Shreveport 

in  the  State  of  Louisiana,  and  keeping  said  navigation  open  and  free 
from  rafts,  and  for  the  piiri)ose  of  preserving  the  vessels  and  boats  of 
the  United  Stat^w  employed  in  that  work. 
Skc.  3.  That  this  act  take  effect  from  the  date  of  its  passage. 
To  take  effect.      Approved,  February  7,  1878. 


CHAP.  32.~An  act  to  authorize  the  construction  of  a  bridge  across  the  Missouii  River 
March  13,  1878.  at  or  near  Glasgow,  Missouri. 


Be  it  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United 
Railroad   an  1  '^^^^^^  ^f  -^'w^'*'^^  *"  Congress  assembledj  That  any  corporation  existing, 
wa;;on    bridge  or  which  may  be  organized,  under  the  laws  of  the  State  of  Misstmri,  be, 
rnuy  be  built  at  and  is  hereby,  authorized  to  construct  and  maintain  a  bridge,  and  ap- 
(rliisgow,  Mo.       proaches  thereto,  over  the  Missouri  River,  at  or  near  Glasgow,  in  the 
county  of  Howard,  in  said  State.     Said  bridge  shall  be  ctmstruct^^d  to 
provide  for  the  passage  of  railway-trains,  ana,  at  the  option  of  the  cor- 
poration by  wliich  it  may  be  built,  may  be  used  for  the  pa.ssage  of 
wagons  and  vehicles  of  all  kinds,  for  the  transit  of  animals,  and  for  foot- 
passengers. 
Post-Touttv  rate     ^^'^-  *^'  '^^^^  ^^Y  bridge  built  under  this  act,  and  subject  to  its  limita- 
p.ivHhle  by 'UdI-  tions,  shall  be  a  lawful  structure,  and  slijill  be  recognized  and  known  as 
tw\  States.  a  i»o}^t-route,  upon  which  also  no  higher  charge  shall  be  made  for  the 

transinis-sion  over  the  same  of  the  mails,  the  troops,  and  the  munitions 
of  war  of  the  United  States  than  the  rate  per  mile  j)aid  for  the  transpor- 
tation over  the  railroad  or  public  highways  leading  to  the  said  bridge; 
and  it  shall  enjoy  the  rights  and  x)rivileges  of  other  post-roads  in  the 
United  States. 
How  to  be  con-  ^^'^''  ^-  That  if  said  bridge  shall  be  made  with  unbroken  and  continu- 
structed.  *  ous  spans,  the  spans  thereof  shall  not  be  less  than  three  hundred  feet 

in  length  in  the  clear,  and  the  main  span  shall  be  over  the  main  chan- 
nel of  the  river.  The  lowest  part  of  the  superstructure  of  said  bridge 
shall  be  at  least  fifty  feet  above  extreme  high-water  mark  as  understood 
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at  the  point  of  location^  and  the  bridge  shall  be  at  right  angles  to,  and 
its  piers  parallel  with,  t^e  current  of  the  river:  Providedy  That  if  the 
same  shall  be  constructed  as  a  draw-bridge,  the  draw  or  pivot  shall  bo 
over  the  main  channel  of  the  river  at  an  accessible  navigable  point,  and 
the  spans  shall  not  be  less  than  one  hundred  and  sixty  icet  in  length  in 
the  clear,  and  the  piers  of  said  bridge  shall  be  parallel  with,  and  the 
bridge  itself  at  right  angles  to,  the  cuirent  of  the  river,  and  the  si)ans 
shall  not  be  less  than  ten  feet  above  extreme  high- water  mark,  as  under- 
stood at  the  point  of  location,  to  the  lowest  part  of  the  sui)er8tnicture 
of  said  bridge :  Provided  also,  That  said  draw  shall  be  opened  promptly,     Opeuing    of 
apon  reasonable  signal,  for  the  passing  of  boats;  and  said  comjiany  or  draw;  signals. 
corporation  shall  maintain  at  its  own  expense,  from  sunset  till  sunrise, 
such  lights  or  other  signals  on  said  bridge  as  the  Light-House  Boanl 
shall  prescribe.    No  bridge  shall  be  erected  or  maintained  under  the    Obstruction  of 
authority  of  this  act  which  shall  at  any  time  substantially  or  materially  navigation. 
obstruct' the  free  navigation  of  said  river;  and  if  any  bridge  erected 
under  such  authority  shall,  in  the  opinion  of  the  Secretary  of  War,  ob- 
struct such  navigation,  he  is  hereby  authorized  to  cause  such  change  or 
alteration  of  said  bridge  to  be  made  as  will  effectually  obviate  such     Alterations. 
obstruction;  and  all  such  alterations  shall  be  made  and  all  such  obstruc- 
tions be  removed  at  the  expense  of  the  owner  or  owners  of  said  bridge. 
And  in  case  of  any  litigation  arising  from  any  obstruction  or  alleged    Jnrisdiction  of 
obstruction  to  the  free  navigation  of  said  river,  caused  or  alleged  to  be  courts. 
caused  by  said  bridge,  the  case  may  be  brought  in  the  district  court  of 
the  United  States  of  the  State  of  Missouri,  in  which  any  portion  of  said 
obstmction  or  bridge  may  be  located :  Provided  further,  That  nothing  in    Existing  laws. 
this  act  shall  be  so  construed  as  to  repeal  or  modify  any  of  the  provis- 
ions of  law  now  existing  in  reference  to  the  protection  of  the  naviga- 
tion of  rivers,  or  to  exempt  this  bridge  from  the  operation  of  the  same. 

Sec.  4.  That  all  railroad  companies  desiring  the  use  of  said  bridge  Use  of  bridge. 
shall  have  and  be  entitled  to  equal  rights  and  privileges  relative  to  the 
psuHMLge  of  railway-trains  over  the  same,  and  over  the  fipjinjachcs  thereto, 
upon  |>aynient  of  a  reasonable  compensation  for  such  use ;  and  in  case 
the  o'wner  or  owners  of  said  bridge  and  the  several  railroad  companies, 
or  any  one  of  them,  desiring  such  use,  shall  fail  to  agree  upon  tlie  sum 
or  sums  to  be  paid,  and  upon  rules  and  condititms  to  which  each  shall 
conform  in  using  said  bridge,  all  matters  at  issue  between  tlu*m  shall 
be  decided  by  the  Secretary  of  War,  upon  a  hearing  of  the  allegations 
and  proofs  of  the  parties. 

Sec.  5.  That  any  bridge  authorized  to  be  constnictcd  under  this  act     Regulations  by 
•shall  be  built  andlocated  under  and  subject  to  such  regulations  for  the  Secretary  of  War. 
security  of  navigation  of  said  river  as  the  Secretary  of  War  shall  ])re- 
scrihe  ;*  and,  to  secure  that  object,  the  said  company  or  corjioraticm  shall 
submit  to  the  Secretary  of  War,  for  his  exammation  and  ayjproval,  a 
desim  and  drawings  of  the  bridge,  and  a  man  of  the  location,  giving,     Map  and  draw- 
forthe  space  of  one  mile  above  and  one  mile  below  the  projiosed  location,  i^gs- 
the  topo^aphy  of  the  banks  of  the  river,  the  shore-lines  at  high  and  low 
water,  the  direction  and  strength  of  the  currents  at  all  stages,  and  the 
soundings,  accurately  showing  the  bed  of  the  stream,  thv.  location  of 
any  other  bridge  or  bridges,  and  shall  furnish  such  other  information  as 
may  be  required  for  a  full  and  satisfactory  understanding  of  the  subject; 
and  until  the  said  iilan  and  location  of  the  bridge  are  approved  by  the     Approval. 
Secretary  of  War.  the  liridge  shall  not  be  built;  and  should  any  change 
be  ma<le"in  the  plan  of  said  bridge  during  the  progress  of  conatrnction, 
such  change  shall  be  subject  to  the  approval  of  the  Secretary  of  War. 

Sec.  6.   That  the  right  to  alter,  amend,  or  repeal  this  act  is  hereby  Amendmentand 
expressly  reserved.  ^^*  * 

Approved,  March  13,  1878. 


CHAP.  43- A-n  act  making  appropriations  for  fortifications  and  for  other  works  of     March  23,  1878. 

defciise.  and  for  the  armament  thereof,  for  the  fiscal  year  ending  June  30,  1879,  and 

for  other  poxpoBea. 

JSe  if  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United  States 
of  America  in  Congress  assemhledy  That  the  sum  of  one  hundred  thousand  Appropriations. 
dollars  be,  and  the  same  is  hereby,  appropriated,  out  of  any  money  in 
the  Treasary  not  otherwise  appropriated,  for  the  protection,  preserva- 
tion, and  repair  of  fortifications  and  other  works  of  dcfonso,  for  the     Fortifications. 
iisca*l  3-ear  eiitling  June  thirtieth,  eight^^on  hundred  and  seventy-nine, 
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tlie  same  to  be  expended  under  the  direction  of  the  Secretary  of  War ; 

also,  the  following  for  armament  of  fortifications,  namely : 

•  #  #  #  ##• 

Torpedoes   for     For  torpedoes  for  harbor  defenses,  and  preservation  of  the  same,  and 
harbor  defenses,  for  torpedo  experiments  in  their  application  to  harbor  and  land  defense, 
and  for  instruction  of  engineer  battalion  in  their  preparation  and  appli- 
Proviso    limit-  cation,  fifty  thousand  dollars :  Provided,  That  the  money  herein  appro- 
ing  use.  priat^d  for  torpedoes  shall  only  be  used  in  the.  establishment  and  main- 

tenance of  torpedoes  to  be  operated  from  shore-stations  for  the  destruc- 
tion of  an  enemy's  vessel  approaching  the  shore  or  entering  the  channel 
and  fairways  of  harbors. 
Approved,  March  23,  1878. 


April  10,  1878.   CHAP.  58.— An  act  to  anthorize  the  Secretary  of  War  to  prescribe  roles  and  regnla- 

tions  to  be  observed  in  the  preparation,  sabmission,  and  opening  of  bids  for  contracts 

under  the  "War  Dejmrtment. 

Be  it  enacted  by  the  Senate  and  House  of  Bepreaenatives  of  the  United  States 
Bids    for  con- of  Amef'ica  in  Congress  assembledy  That  the  Secretary  of  War  is  hereby 
g*®*»^^ej  War  authorized  to  prescribe  rules  and  regulations  to  be  observed  in  the 
liepartment.        preparation  and  submission  and  opening  of  bids  for  contracts  under  the 
War  Department ;  and  he  may  require  any  bid  to  be  accompanied  by  a 
bond  in  such  penal  sum  as  he  may  deem  advisable,  with  good  and  sufficient 
security,  conditioned  that  the  bidder  will  enter  into  a  contract  agreea- 
bly to  the  terms  of  his  bid,  if  the  same  bo  awarded  to  him  within 
sixty  days  from  the  date  of  the  oi)ening  of  the  bids,  or  otherwise  pay 
the  penalty.    No  bid  shall  be  withdrawn  by  the  bidder  within  the  said 
period  of  sixty  days. 
Approved,  April  10,  1878. 


April  20,  1878.   CBLA.P.  62.— An  act  to  authorize  the  constmction  of  a  bridge  abutment  and  approach 
within  the  Fort  Riley  military  reservation. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States 
Bridgfiorer'Re- of  America  in  Congress  assembled,  That  the  Secretary  of  War  be,  and  he 
pubUcan   l^i^er;  jg  hereby,  authorized  to  x>«rmit  the  county  commissioners  of  Davis 
men t^'and  ap^  County,  Kansas,  in  erecting  a  bridge  across  the  Republican  River,  to 
preach.  construct  one  abutment  of  tlie  same  upon  land  included  within  the  mil- 

itary reservation  of  Fort  Riley,  and  also  to  permit  the  eastern  approach 
Use  of  by  gov-  to  the  same  to  be  laid  out  across  said  reservation :  Providedj  That  such 
emment.  bridge  and  the  highway  lea<ling  thereto  shall  always  be  ox>en  to  govern- 

ment transportation  free  of  charge,   and  that  such  point  shall  be 
selected  for  the  construction  of  said  abutment  and  approach  as  shaU  be 
mutually  agreed  upon  by  said  couuty  commissioners  and  the  Secretary 
of  War. 
Approved,  April  20,  1878. 


April  30, 1878.   CHAP.  75.— An  act  to  provide  for  deficiencies  in  the  appropriations  for  the  service  of 
the  government  for  the  fiscal  year  ending  Juno  30,  1878,  and  for  prior  years,  for  sub- 
sistence of  the  Army,  and  for  other  pur^ioses. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States 
Deficiency  ap-  of  America  in  Congress  assembled,  That  the  following  sums  be,  and  the 
propriations.        same  are  hereby,  appropriated,  out  of  any  money  in  the  Treasury  not 
otherwise  appropriated,  for  the  objects  hereinaft'Or  expressed,  namely : 

Carp  hi  ponds  in  To  complete  the  work  of  adapting  the  ponds  in  the  Monument  lot  in 
Monument  lot.  the  city  of  Washington  to  the  culture  of  carp  for  distribution  through- 
out the  United  States,  to  be  done  by  the  engineer  in  charge  of  publio 
buildings  and  grounds,  according  to  the  plans  of  the  United  States  Fish 
Commission,  two  thousand  two  hundred  dollars,  or  so  much  thereof  as 
may  be  necessary :  to  be  available  immediately. 

Des  Moines     To  pay  the  current  expenses  of  operating  the  Des  Moines  Rapids 

Bapids  CanaL      Canal  on  the  Upper  Mississippi  River  until  July  first,  eighteen  hundred 

and  seventy-eight,  seven  thousand  five  hundred  dollars,  or  so  much 
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thereof  as  may  l)e  necessary,  the  same  to  be  expended  under  the  direc- 
tion of  the  Secretary  of  War. 

Approved,  April  30,  1878. 


CHAP.  95.— An  act  making  an  appropriation  for  pler-llffht«  at  the  entrance  of  the     May  6, 1878. 
Jetties  in  the  South  Paes  of  the  MLasiasippi  River.  


Be  it  enacted  by  the  Senate  and  Home  of  Representatives  of  the  United  States 
of  America  in  Congress  assembled^  That  the  sum  of  ten  thousand  dollars    Appropriation; 
be,  and  the  same  is  hereby,  appropriated,  out  of  any  monevs  in  the  pier -lights  at 
Treasury  not  otherwise  appropriated,  for  the  erection  and  maintenance  jS??^^^**'^**" 
of  pier  lights,  under  the  direction  of  the  Light-House  Board,  at  the  en-  ■""PP'  Kiver. 
trance  of  the  jetties  in  the  South  Pass  of  the  Mississippi  River. 

Approved,  May  6,  1878. 


CSAP.  16t. — An  act  mahing  ftirther  appropriations  fbr  oontinning  the  improYements     June  7, 1878. 
of  Galveston  Harbor,  State  of  Texas.  — 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States 
of  America  in  Congress  asnembledy  That  the  sum  of  seventy-five  thousaud  Gial25on'**mS' 
dollars  be,  and  the  same  is  hereby,  appropriated,  out  of  any  moneys  not  bor. 
otherwise  appropriate*!,  for  the  purpose  of  continuing  the  improvements 
of  Galveston  Harbor,  in  the  State  of  Texas ;  which  improvements  are 
now  being  prosecuted  under  the  direction  of  the  Secretflury  of  War,  and 
the  appropriation  for  which  is  substantially  exhausted;  and  that  the 
said  sum  be  expended  under  his  direction. 

Approved,  June  7  1878. 


CHAP.  180. — An  act  providing  a  permanent  form  of  government  for  the  District  of    June  11  1878. 


Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States    District  of  Go- 
of ^m«ruxi  tn  Can^reM  oMem^Zed,        •  •  «  «  Inmbia  a  corpora- 
Sue.  2.  That  within  twenty  days  after  the  approval  of  this  act  the  **^- 
President  of  the  United  States,  by  and  with  the  advice  and  consent  of  Commissioners, 
the  Senate,  is  hereby  authorized  to  appoint  two  persons,  who,  with  an    Appointment, 
officer  of  the  Corps  of  Engineers  of  the  United  States  Army,  whose  lin- 
eal rank  shall  be  above  that  of  captain,  shall  be  Commissioners  of  the 
District  of  Columbia,  and  who,  from  and  after  July  first,  eighteen  hun- 
dred and  seventy-eigjht,  shall  exercise  all  the  powers  and  authority  now    Porwers. 
vested  in  the  Commissioners  of  said  District,  except  as  are  hereinafter 
limited  or  provided,  and  shall  be  subject  to  all  restrictions  and  limita- 
tions and  duties  which  are  now  imposed  upon  said  Commissioners.    The  mSS^*^  ^**™' 
Commiasioner  who  shall  be  an  officer  detailed,  from  time  to  time,  from         ®°®'' 
the  Corps  of  Engineers,  by  the  President,  for  this  duty,  shall  not  be  re- 
quired to  perform  any  other,  nor  shall  he  receive  any  other  compensa- 
tion than  ms  regular  pay  and  allowances  as  an  officer  of  the  Army. 
•               •               #              •               »               »              • 

Sec.  5.  .••••• 

The  President 'of  the  United  States  may  detail  from  the  Engineer  Corps    Assistants  to 
of  the  Army  not  more  than  two  officers,  of  rank  subordinate  to  that  of  Bngineer    Com- 
the  engineer  officer  belonging  to  the  Board  of  Commissioners  of  said  ™****°^®''- 
District  to  act  as  assistants  to  said  Engineer  Commissioner,  in  the  dis- 
char)j;e  of  the  si>ecial  duties  imposed  upon  him  by  the  provisions  of  this 
act* 

Approved,  June  11,  1878. 


CHAP.  191. — ^An  act  makinff  appropriations  to  supply  deficiencies  in  tlie  appropria-     June  14, 1878. 
tloaa  for  tbe  fiscal  year  ending  Jnne  30, 1878,  and  prior  years,  and  for  those  hereto-  — — ^— 
CoK  tivated  as  pemument,  for  reappropriations,  and  for  other  purposes. 

Be  H  enacted  by  the  Senate  and  House  of  RwresentaHves  of  the  United 
States  of  America  in  Congress  assembled.  That  the  following  sums  be,  and  „^^^^S^^  •P" 
they  are  hereby,  appropriated,  to  supply  deficiencies  in  the  appropria- ''^P™''**^ 
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tions  for  the  service  of  the  government  for  the  fiscal  year  ending  June 
thirtieth,  eighteen  hundred  and  seventy-eight,  and  for  former  years,  and 

for  other  purposes,  namely : 

#•  #  •  *  ♦  • 

Balances  carried     Sec.  2.  That  the  following  balances  of  appropriations,  carried  to  the 
to  8°n>l«8  ftind  surplus  fund  under  the  provisions  of  the  fifth  section  of  the  act  approved 
™i874*cS^r'    '^^^^  twentieth,  eighteen  hundred  and  seventy-four,  being  required  to 
18  Stat.,  iio!      complete  the  service  of  the  fiscal  year  eighteen  hundred  and  seventy- 
five,  and  prior  years,  are  hereby  continued  and  rendered  available  for 
such  purpose,  namely : 

WAR  DEPARTBIENT. 

Survey  of  west-     For  examination  and  surveys  on  western  and  north-western  rivers' 
*'T«7o^''h*2S^    there  is  reappropriated  from  the  balance  of  fifty  thousand  dollars  ap- 

16  Stat  mo',     propriated  by  act  of  July  fifteenth,  eighteen  hundred  and  seventy,  the 

*'  sum  of  three  hundred  and  thirty-four  dollars  and  forty  cents. 

Sea-coaat  mor-     For  balance  of  one  hundred  thousand  dollars  appropriated  by  act  of 
**ii^**^  417      *^"^y  t<^iit^>  eighteen  hundred  and  seventy-two,  for  construction  of  sea- 

17  Stat.  377'.     coast  mortar-batteries,  three  hundred  and  one  dollars  and  fifty  cents. 
AUuviai  basin     For  balance  of  twenty-five  thousand  dollars  appropriated  "by  act  of 

of  Mississippi.     June  twenty-second,  eighteen  hundred  and  seventy-four,  for  commission 
in'stat  IW      *^  investigate  and  report  plan  for  reclamation  of  alluvial  basin  of  Mis- 
sissippi River,  five  thousand  dollars. 

Approved,  June  14, 1878. 


June  15,  1878.    CHAP.  216.— An  act  to  authorize  the  Barataria  Ship  Canal  Company  to  construct  and 

operate  a  ship  canal  from  New  Orleans  to  the  Gnli  of  Mexico,  through  the  lands  and 

wat««r8  of  the  United  States,  and  to  grant  to  said  company  the  right  of  tray  for  that 
purpose. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  ths  United 

Barataria  Ship-  St<iies  of  AmeiHca  in  Congress  assetnbledj  lliat  the  Barataria  Ship  Canal 
^'«w»l  Company.  Company,  a  body  corporate  of  the  State  of  Louisiana,  created  by  an  act 
^  Right  of  way,  ^^f  ^^^  legislature  of  said  State,  approved  April  twenty-fourth,  eighteen 
hundred  and  seventy-seven,  be,  and  the  same  is  hereby,  granted  the  ri^ht 
of  way  tlirough  the  lands  and  waters  of  the  United  States,  to  enable 
said  company  to  construct  and  operate  a  ship-canal  from  a  ])oint  at  or 
near  the  city  of  Now  Orleans  to  the  Gulf  of  Mexico,  through  the  Bara- 
taria Bay,  in  the  State  of  Louisiana,  with  power  and  authority  to  con- 
struct and  maintain  all  necessarv  harbors,  locks,  dams,  dikes,  levees,  and 

I*roviso.  piers :  Provided^  The  same  shall  in  no  manner  interfere  with  or  affect 

the  usual  and  ordinary  navigation  of  said  waters  where  they  are  not 
confined  either  by  piers  or  canal-banks  constructed  by  said  company, 

Proviso.  and  necessary  for  the  use  and  operation  of  said  canal:  And  provided 

further,  That  Bayou  Villars  shall  not  be  closed  by  said  canal  company. 

Rates  of  toll.  Sec.  2.  That  in  the  transportation  of  military  or  naval  stores,  troops, 
or  munitions  of  war  of  the  United  States,  such  rates  of  toll  only  shall  be 
charged  as  may  be  pre^scribed  by  the  Secretary  of  War ;  and  that  the 
tolls  or  tonnage  charges  of  said  company  shall  not  exceed  one  dollar  |>er 
ton  on  the  tonnage  measurement  of  any  vessel  for  the  round  trip  through 
said  canal,  or  half  said  sum  for  less  than  the  round  trip ;  and  not  exceed- 
ing twenty-five  cents  for  each  passenger  through  said  canal  either  way : 

Proviso.  Provided,  That  vessels  of  five  tons  burden  and  less  shall  be  exom])t  from 

tolls  for  the  use  of  said  canal  when  they  do  not  pass  through  the  locks : 

Proviso.  And  provided  further,  Tliat  no  tolls  shall  be  charged  on  an  v  boats  or  ves- 

sels navigatiuj^  any  of  the  waters  on  the  line  of  said  canal,  which  could 
have  been  navigated  by  such  vessels  had  such  canal  not  been  built 
Approved,  June  15,  1878. 


June  18, 1878.    CHAP.  263. — An  act  making  appropriations  for  the  support  of  the  Army  for  the  fiscal 
year  ending  June  30,  1879,  and  for  otner  purposes. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United 
Appropriations.  States  of  America  in  Contfress  assembled,  That  the  following  sums  bo,  and 
Army.  the  same  are  hereby,  appropriated,  out  of  any  money  in  the  Treasure- 
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not  otherwise  appropriated,  for  the  support  of  the  Army,  for  the  year 
ending  Jane  thirtieth,  eighteen  hundred  and  seventy-nine,  as  follows : 


Engixeter  Department. — ^For  en^neer  depot  at  Willets  Point,  New  Engineer  depot. 
York,  namely :   For  purchase  of  engineering  materials  to  continue  the 
present  course  of  instruction  of  the  engineer  battalion  in  field  engineer- 
ing, one  thousand  dollars. 

For  incidental  expenses  of  the  depot,  remodeling  ponton-trains,  re- 
pairing instruments,  fuel,  forage,  stationery,  chemicals,  extra-duty  pay, 
and  ordinary  repairs,  four  thousand  dollars. 

Sec.  8.  Allowance  of  or  commutation  for  fuel  to  commissioned  officers  Allowance  of 
is  hereby  prohibited;  but  fuel  may  be  furnished  to  the  officers  of  the '»«! «"id  forage. 
Army  by  the  Quartermaster's  Department,  for  the  actual  use  of  such 
officers  only,  at  the  rate  of  three  dollars  per  cord  for  standard  oak  wood, 
or  at  an  equivalent  rate  for  other  kinds  of  fuel,  according  to  the  regu- 
lations now  in  existence ;  and  forage  in  kind  may  be  furnished  to  the 
officers  of  the  Army,  by  the  Quartermaster's  Department,  only  for  horses 
owned  and  actually  kept  by  such  officers  in  the  performance  of  their 
official  militar>'  duties  when  on  duty  with  troops  in  the  field  or  at  such 
military  posts  west  of  the  Mississippi  River,  as  may  be  from  time  to  time 
designated  by  the  Secretary  of  War,  and  not  otherwise  as  follows: 

To  the  General  five  horses ; 

To  the  Lieutenant  General  four  horses ; 

To  a  major-general  three  horses ; 

To  a  brigadier-general,  three  horses ; 

To  a  colonel,  two  horses; 

To  a  lieutenant-colonel,  two  horses; 

To  a  major,  two  horses ; 

To  a  captain  (mounted),  two  horses; 

To  a  lieutenant  (mounted),  two  horses; 

To  an  adjutant,  two  horses; 

To  a  regimental  qnartermast-er,  two  horses. 

Sec.  9.  That  at  all  posts  and  stations  where  there  are  public  quarters    Quarters  in 
Ijelonging  to  the  United  States,  officers  may  be  furnished  with  quarters  ^'*^- 
in  kind  in  such  public  quarters,  and  not  elsewhere,  by  the  Quartermas- 
ter's Department,  assigning  to  the  officers  of  each  grade,  resi>cctively, 
such  number  of  rooms  a«  is  now  allowed  to  such  grade  by  the  rules  and 
regulations  of  the  Army :  Providedf  That  at  places  where  there  are  no    Proviso, 
pnblic  quarters,  commutation  therefor  may  be  paid  by  the  Pay  Depart-    Commatation. 
ment  to  the  officer  entitled  to  the  same  at  a  rat«  not  exceeding  ten  dol- 
lars per  n>om  per  month,  and  the  commutation  for  quarters  allowed  to 
the  General  shall  be  at  tne  rate  of  one  hundred  and  twenty-five  dollars 
per  month,  and  to  the  Lieutenant  General  at  the  rate  of  seventy  dollars 

per  month. 

»  »  »  »  »  »   ■  » 

Sec.  13.  That  from  and  after  the  passage  of  this  act,  all  promotions    Promotions  and 
in  the  Army,  in  each  and  every  grade,  arm,  corps   and  department  •PP^™*°^®°*®- 
thereof,  shall  cease ;  and  thereafter  no  promotions  or  appointments  shall 
be  made  to  fill  any  vacancy  which  may  occur,  or  be  created  therein, 
until  after  such  report  shall  be  made  anil  acted  upon  by  Congress :  Pro-    Proviso. 
tided.  That  this  limitation  shall  not  apply  to  the  line  o^  the  Army  below 

the  rank  of  captain. 

«  »  •  •  •  «  * 

Approved,  June  18,  1878. 


CHAP.  2&i. — An  act  making  appropriations  for  the  conHtmction,  repair,  preservation,     June  18,  1878. 
and  completion  of  certain  public  works  on  rivers  and  harbors,  and  for  other  pnr- 


Be  it  enacted  by  the  Senate  and  House  of  Bepresentatives  of  the  United 
SUitet  of  America  in  Congress  OMsemhl^,  That  the  following  sums  of  money  Appropriations, 
be,  and  are  hereby,  appropriated,  to  be  paid  out  of  any  money  in  the  i?*^*"  *"^  ^^^' 
Treajiury  not  otherwise  appropriated,  to  be  expended,  under  the  direc-     "* 
tion  of  the  Secretary  of  War,  for  the  repair,  preservation,  construction, 
and  completion  ot  the  public  works  hereinafter  named: 

For  improving  Chester  River,  at  Kent  Island  Narrows,  Maryland,     Chester  River 
three  thousand  dollars. 

For  improving  harbor  at  Baltimore,  Maryland,  seventy-five  thousand    Baltimore, 
dollars. 
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"WioomiooRlver.  For  improving  Wicomico  River,  Maryland,  five  thousand  dollars. 

James  River.  For  improving  James  River,  Virginia,  seventy  thousand  dollars. 

Appomattox  For  improving  Appomattox  River,  Virginia,  thirty  thousand  dollars. 
River. 

Great  Kanawha  For  improving  Great  Kanawha  River,  West  Virginia,  two  hundred 
River.  and  twenty-two  thousand  dollars. 

New  River.  For  improving  New  River,  from  Lead  Mines  in  Wythe  County,  Vir- 

ginia, to  mouth  of  Greenbrier  River,  fifteen  thousand  dollars. 
Cape    Fear     For  improving  Cape  Fear  River,  North  Carolina,  one  hundred  and 
I^iver.  sixty  thousand  dollars. 

OccoqnanRiver.     For  improving  mouth  of  Occoquan  River,  Virginia:  Completing  the 

improvement,  ten  thousand  dollars. 
Aqnia  Creek.        For  improving  Aquia  Creek,  Virginia :  Completing  the  improvement, 

five  thousand  dollars. 
Rappabamnock     For  improving  the  Rappahannock  River,  Virginia,  thirteen  thousand 
River.  five  hundred  dollars. 

Elizabeth  River.     For  improving  South  Branch  of  Elizabeth  River,  Virginia,  five  thou- 
sand dollars. 
New  Castle.         For  continuing  construction  of  ice  harbor  at  New  Castle,  Delaware, 

ten  thousand  dollars. 
Norfolk.  For  improving  harbor  at  Norfolk,  Virginia,  and  its  approaches,  fifty 

thousand  dollars. 
French  Broad     For  improving  French  Broad  River,  North  Carolina,  fifteen  thousand 
River.  dollars. 

Nansemond  For  improving  Nansemond  River,  Virginia :  Completing  the  improve- 
River.  ment,  two  thousand  dollars. 

Charleoton.  For  improving  harbor  at  Charleston,  South  Carolina,  two  hundred 

thousand  dollars. 
Savannah.  For  improving  harbor  at  Savannah,  Geor^a,  seventy  thousand  dollars. 

Cedar  Keys.         For  improving  harbor  at  Cedar  Keys,  Florida,  twenty  thousand  dollars. 
Apalachicola     For  improving  Apalachicola  River,  Florida,  eight  thousand  dollars. 
River. 

Chattahoochee  For  improving  Chattahoochee  River,  Alabama  and  Georgia,  eighteen 
River.  thousand  dollars. 

Alabama  River.     For  improving  Alabama  River,  twenty-five  thousand  dollars. 
Saint  John's     For  deepening  the  bar  at  the  mouth  of  Saint  John's  River,  Florida, 
River.  ten  thousand  dollars. 

Port  Clinton.        For  Port  Clinton,  Ohio,  ten  thousand  dollars. 
Flint  River.  For  improving  Flint  River,  Greorgia,  ten  thousand  dollars. 

Warrior  and  For  improving  the  Warrior  and  Tombigbee  Rivers,  Alabama  and  Mis- 
Tombigboe sissippi,  forty  thousand  dollars;  of  which  sum  twenty-eight  thousand 
Rivers.  dollars  shall  be  expended  on  the  Warrior  and  Tombigbee  and  twelve 

thousand  dollars  on  the  Tombigbee  above  Columbus. 
Galveston  Bay.     For  improvement  of  ship  channel  in  Galveston  Bay,  Texas,  between 
1876  ch.  267,      Boliver  Channel  and  Red  Fish  Bar,  seventy-five  thousand  dollars ;  and 
19  Stat,  138.     tjie  appropriation  made  for  this  work  by  the  act  of  fourteenth  of  August, 
eighteen  hundred  and  seventy-six,  is  hereby  made  available  for  the  same 
part  of  said  channel. 
Mississippi  and     For  improving  Mississippi  and  Arkansas  Rivers:  Continuing  oper»- 
Arkansas Rivers,  tions,  removing  snags,  and  other  obstnictions,  one  hundred  and  eighty 
thousand  dollars;  of  which  sum  ten  thousand  doUara  shall  be  used  for 
removing  the  bar  in  the  Arkansas  River  at  Fort  Smith. 
Missouri  River,     ^'or  the  survey  of  the  Missouri  River  fi"om  its  mouth  to  Sioux  City, 
and  estimates  for  the  improvement  and  maintenance  of  its  navigation, 
fifty  thousand  dollars. 
Missouri  River.     For  the  improvement  of  the  Missouri  River :  Removal  of  snags,  wrecks, 

and  so  forth,  seventy  thousand  dollars. 
Galveston  Har-     For  improving  entrance  to  Galveston  Harbor,  Texas,  fifty  thousand 
bor.  dollars. 

Sabine  Pass.         For  improving  Sabine  Pass,  Texas,  deepening  channel  at  the  entrance 

and  at  Blue  Buck  Bar,  thirty  thousand  dollars. 
Passo   Cavallo     For  improving  Passo  CavaUo  Inlet  into  Matagorda  Bay,  Texas,  twenty- 
Inlet,  five  thousand  dollars. 
Ouachita  River.     For  improving  Ouachita  River,  Arkansas  and  Louisiana,  ten  thousand 

dollars. 
Taaoo  River.        For  improving  Yazoo  River,  Mississippi,  twentj'-fi ve  thousand  dollars. 
Red  River.  For  removing  raft  in  Red  River  and  closing  Tones  Bayou,  Louisiana, 

twenty-four  thousand  dollars. 
Cypress  Bayou.     For  improving  Cypress  Bayou,  Texas  and  Louisiana,  fifteen  thousand 
dollars. 
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For  annual  expense  of  gauging  the  wateia  of  the  Lower  Miftaissppi  .  Lower  Mleois- 
River  and  its  tributaries:  Continuing  observations  of  the  rise  and  fall  ®^PP*  River. 
of  the  river  and  its  chief  tributaries,  as  reqnired  by  joint  resolution  of 
February  twenty-first,  eighteen  hundred  and  seventy-one,  five  thousand 
dollars. 

For  improving  White  and  Saint  Francis  Rivers,  Arkansas,  forty  thou-     White  and  St. 
sand  dollars.  Francig  Rivers. 

For  improving  the  Missouri  River,  opposite  or  near  Saint  Joseph,  Mis-   Mleaonri  River, 
souri,  fifty  thotisand  dollars. 

For  improving  mouth  of  Red  River,  Louisiana,  one  hundred  and  fifty    Red  lUver. 
thousand  dollars. 

For  removing  obstructions  in  Pocomoke  River,  Maryland,  ten  thou-     Pocomoke 
sand  dollars.  River. 

For  the  improvement  of  the  Missouri  River  at  Council  Blnifs,  Iowa,    Misaomi  River, 
and  Omaha ;  Nebraska,  fifty  thousand  dollars. 

For  improving  the  Missouri  River,   at  Nebraska  City,  Nebraska,    MiMoori  River- 
twenty  thousand  dollars. 

For  improvement  of  L'Anguille  River,  Arkansas,  ten  thousand  dollars.    L '  A  n  g  u  i  1 1  e 

River. 

For  removing  bar  in  Mississippi  River,  opposite  Dubuque,  Iowa,  ten^.MissisBlppi 
thousand  dollars.  ^^^r. 

For  improving  Rush  Chute  and  the  harbor  of  Burlington,  Iowa,  ten    BurlingloiL 
thousand  dollars. 
For  improving  harbor  at  Fort  Madison,  Iowa,  eight  thousand  dollars.     Fort  Madison. 
For  improving  Rock  Island  Rapids,  Mississippi  River,  thirty  thousand    Rook    Island 
dollars.  Rapids. 

For  improving  Illinois  River,  seventy-five  thousand  dollars.  Ulinols  River. 

For  the  improvement  of  the  Mississippi  River,  between  the  mouths  of  Mississippi 
the  Ohio  and  Illinois  Rivers,  two  hundred  and  forty  thousand  dollars ;  River. 
of  which  sum  twenty  thousand  dollars  shall  be  expended  between  the 
mouths  of  the  Illinois  and  Missouri  Rivers;  seventy-five  thousand  dol- 
lars for  constructing  dam  at  Cahokia  Chute,  opposite  Saint  Louis ;  forty 
thoosand  dollars  between  the  foot  of  Dickey's  Island  and  the  mouth  of 
the  Ohio  River;  and  ten  thousand  dollars  between  Islands  Numbers 
Fourteen  and  Fifteen,  near  the  town  of  Kaskaskia,  Illinois. 

For  remo>'ing  snags  and  other  obstructions  from  Red  River,  Louisiana,     R«d  River. 
twenty-five  thousand  dollars. 

For  the  improvement  of  the  Missouri  River  above  the  mouth  of  the    Mlssonri River. 
Yellowst^Mie,  thirty  thousand  dollars. 

For  the  improvement  of  the  Mississippi  River;  Widening  and  deep-    Mississippi 
ening  the  channel  from  Saint  Paul  to  Des  Moines  Rapids,  two  hundred  R^^er. 
and  fifty  thousand  dollars. 

For  widening  and  deepening  the  channel  of  the  Mississippi  River    Mississippi 
from  Des  Moines  Rapids  to  the  mouth  of  the  Ohio,  one  hundred  thou-  ^^«r. 
aand  doIlarH. 

For  the  improvement  of  Mobile  Harbor,  ten  thousand  dollars,  to  be     Mobile  Harbor. 
applied  to  making  tests,  surveys,  and  borings  to  determine  whether  the 
ship-channel  now  leading  from  the  lower  anchorage  in  Mobile  Bay  can 
be  deepened  so  as  to  admit  vessels  drawing  twenty-two  feet,  or  any  less 
draught  alwve  thirteen  feet,  to  the  wharves  of  the  city  of  Mobile.' 

For  the  improvement  of  Cumberland  River  above  Nashville,  Tennes-    Cumberland 
fee,  sixty  thousand  dollars;   of  which  sum  twenty  thousand  dollars ^i^'cr. 
shall  be  expended  between  Nashville  and  the  Kentucky  line ;  thence  to 
the  foot  oi  Smith's  Shoals,  eight  thousand  dollars;   and  for  Smith's 
Shoals,  thirty  thousand  dollars;  thence  to  the  falls  of  the  Cumberland, 
two  thonsand  dollars. 
For  improving  Minnesota  River,  ten  thousand  dollars.  Minnesota 

River. 
For  improving  Red  River  of  the  North,  Minnesota,  thirty  thousand    Red  River. 
dollars. 

For  improving  Tennessee  River:  Continuing  operations  above  Chat-    Tennessee 
tauooga,  fifteen  thousand  dollars;  continuing  operations  below  Chatta-  Ri^w. 
nooga,  including  Muscle  Shoals,  three  hundr^  tnousand  dollars ;  fifteen 
thoosand  dollars  of  which  sum,  or  so  much  thereof  as  may  be  necessarj', 
to  be  expended  in  the  improvement  of  Duck  River  Shoals,  on  Tennes- 
see River. 

For  improving  Cumberland  River,  below  Nashville,  Tennessee,  forty-    Cnmberla'nd 
five  thousand  dollars.  River. 

For  improving  Coosa  River,  between  Rome,  Georgia,  and  the  Selma,     Coosa  River. 
Rome  and  Dalton    Kailroad  bridge,  Alabama,  seventy-five  thousand 
dollare. 
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HiawasBoe     For  improving  Hiawassee  River,  Tennessee,  ten  thousand  dollars. 
O  c  m  a  1  g  e  6     For  improving  Ocmnlgee  River,  Georgia,  fifteen  thousand  dollars. 

Oosteiuiiilftand     For  improving  Oostenaula  and  Coosa wattee  Rivers,  Georgia,  four 

C  p  o  8  a  w  a  1 1  e  e  thousand  dollars. 
Rivera. 

Little  Kaoawha     For  improving  Little  Kanawha  River,  West  Virginia,  eighteen  thou- 
River.  sand  dollars. 

Wabash  River-     For  improving  Wahash  River,  Indiana,  fifty  thousand  dollai-s. 

Superior  Bay.  For  dredging  Superior  Bay,  Wisconsin :  Improving  natural  entrance 
to  Superior  Bay,  three  thousand  dollars ;  continuing  improvement  of 
the  harbor  of  Duluth,  thirty  thousand  dollars. 

Ontonagon.  For  improving  harbor  at  Ontonagon,  Michigan,  fifteen  thousand 

dollars. 

Eagle  Harbor.       For  improving  Eagle  Harbor,  Michigan,  eight  thousand  dollars. 

Marqnette.  For  improving  han>or  at  Manpiette,  Michigan,  two  thousand  dollars. 

Menomonee.  For  improving  harbor  at  Menomonee,  Wisconsin,  ten  thousand  dol- 
lars. 

Green  Bay.  For  improving  harbor  at  Green  Bay,  Wisconsin,  five  thousand  dollars. 

StargeonBay.  For  improving  harbor  of  refuge,  entrance  at  Sturgeon  Bay  Canal, 
thirty  thousand  dollars. 

Abnapee.  For  iuiproving  harbor  at  Ahnapee,  Wisconsin,  eight  thousand  dollars. 

Two  Rivera.  For  improving  harbor  at  Two  Rivers,  W^isconsin,  ten  thousand  dol- 
lars. 

Manitowoc.  For  improving  harbor  at  Manitowoc,  Wisconsin,  fifteen  thousand 

dollars. 

Sheboygan.  For  improving  harbor  at  Sheboygan,  W^isconsin,  four  thousand  dol- 

lars. 

Port  Waabing-     For  improving  harbor  at  Port  Waahington,  Wisconsin,  five  thousand 
ton.  dollars, 

MiBBlHsippl     ^^^^  improving  the  Mississippi  River  from  the  bridge  of  the  Chicago, 
River.  Milwaukee  and  Saint  Paul  Railroad  Company  above  La  Crosse,  Wiscon- 

sin, to  the  mouth  of  Root  River,  below  said*  city,  twelve  thousjind  five 
hundred  dollars. 

Ohio  River.  For  improving  and  deepening  the  channel  of  the  Ohio  River,  includ- 

ing the  removal  of  snags,  wrecks,  and  so  forth,  from  Pittsburgh  to  its 
mouth,  three  hundred  thousand  dollars ;  of  which  sum  fifty  thousand 
dollars  shall  bo  expended  at  Grand  Chain  for  removal  of  obstructions 
and  deepening  the  channel  at  that  point. 

Cincinnati.  For  the  construction  of  a  harbor  or  harbors  of  refuge,  at  or  near  Cin- 

cinnati, to  protect  the  commerce  of  the  Ohio  River  from  flo<'s  of  ice, 
fifty  thousand  dollars,  to  be  expended  under  the  direction  an<l  control 
of  the  Engineer  Corps  of  the  Army. 

New  Orleana.  For  improvement  of  the  harbor  at  New  Orleans,  Louisiana,  including 
cost  of  surveys  and  estimates  fifty  thousand  dollai*s. 

M  o  n  o n  gahela     For  the  improvement  of  Monoiigahela  River,  West  Virginia  and  Penn- 
River.  sylvan  ia,  to  be  expended  in  comi)leting  lock  and  dam  at  Hoard's  Rockn, 

twenty-five  thousand  dollars. 

Michigan  City.  For  the  improvement  of  harbor  at  Michigan  City,  Indiana,  seventy- 
five  thousancl  dollars;  of  which  sum  twenty-five  thousand  dollars  shall 
be  expended  for  the  improvement  of  the  inner  harbor. 

Bath.  For  the  improvement  of  Gut  oi)posite  Bath,  Maine,  seventeen  thou- 

sand dollars. 

Waddington     For  the  improvement  of  Waddington  Harbor,  New  York,  five  thon- 
Harbor.  ^and  dollars. 

Oakland    Har-     For  the  imi>rovement  of  Oakland  Harbor,  California,  eighty  thousaml 

\wT.  dollars;  but  this  sum  shall  not  be  available  until  the  right  of  the  United 

States  to  the  bed  of  the  estuaiy  and  training  walls  of  this  work  is  se~ 

cured,  free  of  expense  to  the  government,  in  a  manner  satisfactory  to 

the  Secretary  of  War. 

Milwankee.  For  improving  harbor  at  Milwaukee,  Wisconsin,  fifteen  thousand  dol- 

lars. 

Racine,  For  improving  harbor  at  Racine,  Wisconsin,  ten  thousand  dollars. 

Kenoaha.  For  improNTiig  harbor  at  Kenosha,  Wisconsin,  eight  thousand  dol- 

lars. 
BrezoaSantiago.     For  removing  wrecks  and  other  obstnictions  to  navigation  at  Brazos 
Santiago,  Texas,  six  thousand  dollars. 

Fox  and  Win-     For  improving  Fox  and  Wisconsin  Rivers,  two  hundred  and  fifty 
coiiHin  Rivera,      thousand  dollars. 
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For  improving  harbor  at  Chicago.  IIlinoiB :  Extending  breakwater    Chicago. 
and  dredging  channel,  aey«ntv-five  tnousand  dollars. 

For  improWng  harbor  at  Calumet,  IllinoiR,  fifteen  thousand  dollars.      Calomet. 

For  improving  harbor  at  Charlevoix,  IVIichigan,  twelve  thousand    Charlevoix, 
dollars. 

For  improving  harbor  at  Frankfort,  Michigan,  eight  thousand  eight    Frankfort 
hundred  dollars. 

For  improving  harbor  at  Manistee,  Michigan,  fifteen  thousand  dol-    Manistee, 
lars. 

For  Imx^roving  harbor  at  Ludington,  Michigan,  fifteen  thousand  dol-    Ladington. 
lars. 

For  improving  harbor  at  Pentwater,  Michigan,  ten  thousand  dollars.     Pentwater. 

For  improving  harbor  at  White  River  Michigan,  twelve  thousand     White  River 
dollars.  Harbor. 

For  improving  harbor  at  Grand  Haven,  Michigan,  fifteen  thousand    Grand  Haven, 
dollars. 

For  improving  harbor  at  Black  Lake,  Michigan,  ten  thousand  dol-    Black  Lake, 
lars. 

For  improving  harbor  at  Saugatuck,  Michigan,  two  thousand  five    Saagatack. 
hundred  dollars. 

For  removing  obstructions  in  Bayou  La  Fourches,  Louisiana,  ten    Bayou  La  Four- 
thousand  dollars.  c^<«- 

For  improving  harbor  at  South  Haven,  Michigan,  twelve  thousand    South  Haven. 
dollars. 

For  improving  Harbor  at  Saint  Joseph,  Michigan,  twelve  thousand    Saint  Josi^ph. 
dollars. 

For  improving  Saint  Mary's  River  and  Sauit  Mary's  Falls  Canal,     Soint     Mary'ti 
Michigau,  one  hundred  and  stiventy-five  thousand  dollars.  River,  etc. 

For  iiiij»roving  Harbor  of  Refuge,  Lake  Huron,  Michigan,  one  hun-    iiarbor  of  Rcf- 
dred  tbouHaud  dollars.  uge,  Lake  Huron. 

For  im])roving  Saint  Clair  River  at  mouth  of  Black  River,  Michigan,     Saint     Clair 
one  th(msand  five  hundred  dollars.  River. 

For  impn>ving  Detroit  River,  Michigan,  one  hundred  thousand  dol-    Detroit  River, 
lars. 

For  improving  Saint  Clair  Flats,  Michigan,  five  thousand  dollars.  Saint  Clair 

Flats. 

For  uup^o^-ing  Saginaw  River,  Michigan,  twenty-five  thousand  dol-    Saginaw  River, 
lars. 

For  improving  harbor  at  Cheboygan,  Michigan,  eight  thousand  dol-    Cheboygan, 
lars. 

For  impro^-ing  harbor  at  Monroe,  Michigan,  two  thousand  five  hun-     Monroe, 
drwl  dollars. 

For  improving  harbor  at  Toledo,  Ohio,  fifty  thousand  dollars.  Toledo. 

For  the  improvement  of  Guyandotte  River,  West  Virginia,  two  thou-    Guyandotte 
sand  dollars.  River. 

For  the  improvement  of  the  Raritan  River,  New  Jersey,  two  hundred    Raritan  River. 
thofisaiid  dollars. 

For  the  improvement  of  Black  water  River,  Vireinia,  five  thousand    Blackwater 
dollars.  »         6        >  jii^.^^ 

For  the  improvement  of  the  Hampton  River,  Virginia,  ten  thousand  Hampton  River, 
dollarx. 

For  the  improvement  of  Chickahominy  River,  Virginia,  five  thousand    Chickahomiuy 
dollars.  River. 

For  the  improvement  of  the  Narrows  above  Orange,  on  the  Sabine     Sabine  River. 
River,  Texas,  and  deepening  the  channel  at  the  mouth  of  said  river, 
ten  thoii;<aD<l  dollars. 

For  deei>ening  the  channel  at  the  mouth  of  the  Trinity  River,  Texas,     Trinity  River, 
and  removing  cH>structions  to  Liberty,  ten  thousand  dollars. 

For  deepening  the  channel  at  the  mouth  of  the  Neches  River,  Texas,     Neches River, 
and  removing  obstnictions  to  Beaumont,  ei^ht  thou.sand  dollars. 

For   improving   Pascagonla  River,   Mississippi,   and  deepening  the     Pascagoula' 
channel  at  itrt  mouth,  ten  thousand  dollars.  River. 

For  tlie  iiniirovement  of  the  harbor  and  the  Mississippi  River  at  Mem-     Memphis, 
phis,  Tennes8*»e,  forty-six  thousand  dollara. 

For  the  improvement  of  Elk  River,  West  Virginia,  five  thousand  dol-     Elk  River, 
lars. 

For  improv-ing  harbor  at  Sandusky  City,  Ohio,  twenty  thousand  dol-    Sandusky  Cit  y 
lars. 

For  impn)ving  harbor  at  Huron,  Oliio,  one  thousand  dollars.  Huron. 

For  improving  harbor  at  Vermillion,  Ohio,  four  thousand  dollars.  VennilUon. 
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Faliport. 

Ashtabula. 
Erie. 

Bnflblo. 
Oak  Orchard. 

Charlotte. 
PultneyvlUe. 


Cleveland.  For  breakwater  at  Cleveland,  Ohio,  and  repairs  of  harbor,  one  hun- 

dred thousand  dollars. 

For  improving  harbor  at  Fairport,  month  of  Grand  Biver,  Oliio,  five 
thousand  dollars. 
For  improving  harbor  at  Ashtabula,  Ohio,  twelve  thousand  dollars. 
For  improving  harbor  at  Erie,  Pennsylvania^  twentj'-iive  thousand 
dollars. 
For  improving  harbor  at  Buffalo,  New  York,  eighty  thousand  dollars. 
For  imi)roviug  harbor  at  Oak  Orchard,  New  York,  two  thousand  dol- 
lars. 
For  improving  harbor  at  Charlotte,  New  York,  one  thousand  dollars. 
For  improving  harbor  at  Pultneyville,  New  York,  five  thousand  dol- 
lars. 

Great   Sodoa     For  improving  harbor  at  Great  Sodus  Bay,  New  York,  five  thousand 
^y-  dollars. 

Little  Sodns     For  improving  harbor  at  Little  Sodus  Bay,  New  York,  ten  thousand 

Bay  dollars. 

Oswego.  For  improving  harbor  at  Oswego,  New  York,  ninety  thousand  dollars. 

Wilmington.        For  breakwater  at  Wilmington,  California,  twenty  thousand  dollars. 

Sacramento  and     For  improving  Sacramento  and  Feather  Rivers,  California,   fifteen 

Feather  Rivers,    thousand  dollars. 

Lower    Willa-     For  improving  Lower  Willamette  and  Columbia  Rivers,  from  Port- 
mette  and  Colum- land,  Oregon,  to  the  sea,  thirty  thousand  dollars. 

Up pe r  Willsr     For  improving  Upper  Willamette  River,  Oregon,  twenty  thousand dol- 
mettelliTer.         lars. 

Upper  Colnm-     For  improving  Upper  Columbia  Biver,  including  Snake  River,  twenty 
bia  Mver.  thousand  dollars. 

Cascades,    Co-     For  constructing  a  canal  around  the  Cascades  of  Columbia  River,  one 
hundred  and  fifty  thousand  dollars. 

For  the  improvement  of  Big  Sandy  River,  from  Catlettsbnrg,  Ken- 
tucky, to  the  nea<l  of  navigation,  twelve  thousand  dollars. 

For  the  improvement  ot  the  mouth  of  the  Columbia  River,  Oregon, 
five  thousand  dollars,  the  same  or  so  much  thereof  as  may  be  neces- 
sary' to  be  expended  under  the  direction  of  the  Secretary  of  War  in 
making  a  thorough  survey  of  the  bar  at  the  month  of  said  river  and 
in  the  preparation  of  a  plan  and  estimates  for  its  pennanent  improve- 
ment ;  any  balance  to  be  used  in  the  temporary  improvement  of  said 
bar. 

For  repairs  of  ice-harbor  at  Chester,  Pennsylvania,  three  thousand 
four  hundred  dollars. 

For  the  improvement  of  the  Oconee  River,  Georgia,  ten  thousand 
dollars ;  of  which  sum  eight  thousand  dollars  shall  be  expended  between 
Dublin  and  the  Central  Railroad  bridge,  and  two  thousand  dollars  be- 
tween Dublin  and  Ocmulgee  River. 

For  the  improvement  of  Galena  River,  Illinois,  making  a  channel  of 
one  hundred  feet  width,  and  the  improvement,  oi  the  harbor  of  Galena, 
thirty  thousand  dollars. 

For  the  improvement  of  the  Mississippi  River  at  and  near  Vicksburg, 
Mississippi,  and  protection  of  harbor  at  Vicksburg,  Mississippi  eighty- 
'  lollj 
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four  thousand  dollars. 

For  improving  the  channel  of  Salem  River,  New  Jersey,  and  remov- 
ing obstnictions  in  the  Delaware  River  at  the  mouth  of  Salem  River, 
three  thousand  dollars. 

Missonri  Biver.     For  improving  the  Missouri  River  at  Omaha  City,  Nebraska,  thirty 

thousand  dollars. 
Saint    Croix     For  the  improvement  of  the  Saint  Croix  River,  Wisconsin,  ten  thou- 
^^'«^-  sand  dollars. 

C  h  i  p  p  e  w  a  For  completing  and  protecting  wing  dams  and  jetties  now  in  course 
of  construction  upon  the  Chippewa  River  in  Wisconsin  in  and  near  its 
mouth  and  below  the  lower  point  of  Beef  Island,  ten  thousand  dollars: 
Providedf  That  nothing  herein  shall  be  construed,  nor  shall  any  expend- 
iture of  this  appropriation  be  made,  so  as  to  affect  existing  legal  or 
eanitable  rights  in  or  upon  the  said  Cliippewa  River  or  its  branches, 
wnether  such  rights  arise  under  the  laws  of  the  United  States  or  the 
State  of  Wisconsin. 

Missouri  Biver.     For  the  improvement  of  the  Missouri  River  at  Atchison,   Kansas, 
twenty  thousand  dollars. 

Miasonii  Biver.     For  the  unprovement  of  the  Missouri  River  at  Eastport,  Iowa,  and 
Nebraska  City,  Nebraska,  twenty  thousand  dollars. 


Biver. 


Proviso. 
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For  the  improvement  of  the  Osage  River  in  Missouri  and  Kansas,     OMge  River, 
twenty  thousand  dollars. 

For  the  improvement  of  the  Missouri  River  at  or  near  Fort  Leavan-  Misaouri  River 
worth,  Kansas,  twenty-five  thousand  dollars. 

For  improving  the  Missouri  River  at  Sioux  City,  Iowa,  twelve  thou-  Missonri  River- 
sand  five  hundred  dollars. 

For  the  improvement  of  the  Neuse  River,  North  Carolina,  forty  thou-    Nense  River, 
sand  dollars. 

For  the  improvement  of  the  harbor,  including  survey  and  estimate  for    PensaooU. 
removal  of  wrecks  at  Pensacola,  Florida,  twenty  thousand  dollars. 

For  the  improvement  of  Currituck  Sound  and  North  River  Bar,  North    Currituck 
Carolina,  twenty  thousand  dollars.  Sound. 

For  the  improvement  of  Scuppemong  River,  North  Carolina,  two    Scuppemong 
thousand  dollars.  ^iver. 

For  the  improvement  of  Edenton  Harbor,  North  Carolina,  four  thon-    Edcnton   Har- 
sand  dollars.  bor. 

For  completing  the  improvement  of  Black  River  Harbor,  Ohio,  one    Blark    River 
thousand  dollars.  Harbor. 

For  the  improvement  of  the  harbor  at  New  Haven,  Connecticut,    New  Haven, 
twenty-five  thousand  dollars. 

For  the  improvement  of  the  harbor  at  Darien,  Georgia,  eight  thou-    Dariou. 
Band  dollars. 

For  continuing  the  improvement  of  Penobscot  River,  Maine,  twelve    Penobscot 
thousand  dollars ;  of  which  sum  two  thousand  five  hundred  dollars,  or  Kiver. 
80  much  thereof  as  may  bo  necessary,  shall  be  expended  at  or  near  the 
Narrows  in  said  river  at  Bucksport. 

For  the  improvement  of  the  harbor  at  Bridgeport,  Connecticut,  ten    Bridgeport 
thousand  dollars;  of  which  sum  not  less  than  one-lialf  shall  be  ex- 
pended between  the  lower  bridge  and  the  horse-railroad  bridge. 

For  the  improvement  of  Harlem   River,  New  York,  three  hundred    Harlem  River, 
thousand  dollars ;  but  this  sum  is  not  to  be  available  until  the  right  of 
way  for  this  work  is  secured  to  the  United  States  free  of  cost. 

For  impro^•ing  harbor  at  Belfast,  Maine,  twelve  thousand  dollars. 

For  improving  Richmond  Island  Harbor,  Maine,  six  thousand  dollars. 


Isl- 


For  improving  Cocheco  River,  New  Hampshire,  six  thousand  dollars. 
For  improving  Merrimac  River,  Massachusetts,  below  Mitchell's  Falls, 


Belfiist. 
Rirbmond 
and  Harbor. 
Cocheco  River. 
Merrimac  Riv- 
ten  thonsand  dollars.  er. 

For  improving  harbor  at  Boston,  Massachusetts,  fifty-five  thousand    Boston. 
dollars. 

For  improving  harbor  at  Plymouth,  Massachusetts,  five  thousand 
dollars. 

For  improving  harbor  at  Provincetown,  Massachusetts,  one  thousand 
dollars. 

For  improving  harbor  at  Hyannis,  Massachusetts,  three  thousand 
dollars. 

For  improving  Taunton  River,  Massachusetts,  two  thousand  dollars. 

For  improving  Providence  River,  Rhode  Island ;  Removing  Bulkhead 
Rock,  five  thousand  dollars. 

For  improving  Little  Narragansett  Bay,  Rhode  Island  and  Connecti- 
cut, ten  thonaand  dollars. 

For  improving  Providence  River  and  Narragansett  Bay,  fifty  thou- 
sand doUars. 

For  the  improvement  of  Echo  Harbor,  New  Rochelle,  New  York,  ten 
thousand  dollars. 

For  the  improvement  of  Staten  Island  Sound,  between  New  Jersey    statcn    Island 
and  Staten  Island,  fifteen  thousand  dollars.  Sound. 

For  improving  the  harbor  of  Breton  Bay,  Leonardtown,  Maryland,     Brt»ton  Bay. 
five  thonsand  doUars. 

For  improving  the  inner  harbor  at  Cambridge,  Maryland,  five  thou- 
sand dollars. 

For  improving  the  harbors  and  channels  at  Washington  and  G(*orge- 
town.  District  of  Columbia,  fifty  thousand  dollars;  of  which  sum  twenty  and  Georgetown. 
thousand  dollars  is  to  be  expended  in  Washington  harbor  and  channel 
below  the  Ijonff  Bridge,  and  thirty  thousand  doUars  to  be  expended  in 
Georgetown  harbor  ana  channel. 

For   improving  Connecticut  River,  below    Hartford,   Connecticut,     Connootiout 
thirty  thousand  dollars;  of  which  sum  five  thousand  dollars  shall  bo  I^^er. 
used  for  dredging  the  river  between  Hartford  and  Mid<lletown ;  and  two 
thousand  dollars  for  improving  the  mouth  of  Salmon  River  in  the  town 
of  East  Haddam. 
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StoningtoQ.  For  improving  harbor  at  Stouington,  Connecticut,  forty  thousand 

dollars. 

Thames  River.     For  improving  Thames  River,  Connecticut^  ten  thousand  dollars. 

Milford.  For  improving  harbor  at  Milford  Connecticut,  ten  thousand  dollars. 

Housatonic     For  improving  Housatonic  River,  Connecticut,  five  thousand  dollars. 
River. 

Norwalk.  For  improving  harbor  at  Norwalk,  Connecticut,  six  thousand  dollars. 

Port  Jefferson.     For  improving  harbor  at  Port  Jefferson,  Long  Island  Sound,  New 
York,  eight  thousand  dollars. 

Hudson  River.      For  improving  Hudson  River,  New  York,  seventy  thousand  dollars. 

Hell  Gate.  For  removing  obstructions  in  East  River  and  Hell  Gate,  New  York, 

three  hundred  and  fifty  thousand  dollars. 

Passaic  River.      For  improving  Passaic  River,  New  Jersey,  ten  thousand  dollars. 

East  Chester     For  improving  East  Chester  Creek,  New  York,  ten  thousand  dollars. 
Creek. 

Rondont.  For  improving  harbor  at  Rondont,  New  York,  thirty  thousand  dollars. 

Burlington.  For  improving  harbor  at  Burlington,  Vermont,  twenty  thousand  dol- 

lars. 

Swanton.  For  improving  harbor  at  Swanton,  Vermont,  twenty  thousand  dollars . 

Otter  Creek.         For  improving  Otter  Creek,  Vermont,  eight  thousand  dollars. 

Lewes.  For  constructing  piers  in  Delaware  Bay,  near  Lewes,  Delaware,  twenty 

thousand  dollars. 

"Wilmington.        For  imi)roving  harbor  at  Wilmington,  Delaware,  seven  thousand  dol- 
lars. 

Schuylkill  Riv-     For  improving  Schuylkill  River,  Pennsylvania,  thirty  thousand  dol- 
er.  lars. 

Delaware  River.     For  improving  Delaware  River,  below  Bridesburg,  one  hundred  thou- 
sand dollars. 

Delaware  River.     For  im])roving  Delaware  river,  between  Trenton  and  White  Hill,  New 
Jersey^  ton  thousand  dollars. 

Shrewsbury     For  imj)ro\ing  north  and  south  branches  of  Shrewsbury  River,  New 
River.  Jersey^  eighteen  thousand  dollars. 

Cohansey  Creek     f\)r  improving  Cohausey  Creek,  New  Jersey,  five  thousand  dollars. 

Dcs  Moines     For  improving  Des  Moines  Ra^nds,  and  operating  the  canal,  ninety- 
Rapids,  five  thousand  dollars. 

Upper  Missis-     ^OY  improving  Upper  Mississippi  River,  from  the  month  of  the  Illi- 
slppi  River.         nois :  Removal  of  snags  and  obstructions,  forty-one  thousand  five  hun- 
dred dollars. 

South  Pass.  For  continuing  surveys  and  examinations  at  the  South  Pass  of  the 

MiKsisHippi  River,  fifteen  thousand  dollars. 

Use  and  ex-  It  shall  be  the  duty  of  the  Secretary  of  War  to  apply  the  money 
SroDrS?n8  *^  heroin  appropriated  for  imi)rovements,  other  than  surveys  and  esti- 
^  **  ^  '  mates,  in  carrj-ing  on  the  various  works  by  contract  or  by  hired  labor, 
at  his  discretion,  and  as  in  his  judgment  may  be  most  advantageous  to 
the  government  j  and,  where  said  works  are  done  hy  contract,  such  con- 
tracts shall  be  made  after  sufficient  public  advertisement  for  proposals 
in  such  manner  and  form  as  the  Secretary  of  War  shall  prescribe;  and 
such  contracts  shall  be  made  with  the  lowest  responsible  bidders  there- 
for^ accompanied  by  such  securities  as  the  Secretary  of  War  shall  re- 
quire. 

Surveys      and     Sec.  2.  That  the  Secretary  of  War  is  hereby  directed  at  his  discretion 
examinations.      ^q  cause  examinations  or  surveys,  or  both,  and  estimates  of  cost  of  im- 
provements proper  to  be  made  at  the  following  points,  namely : 

Portsmouth.         Portsmouth  Harbor,  New  Hampshire; 

Red  River  Falls.     For  imjiroving  the  navigation  at  the  Falls  on  Red  River  near  Alexan- 
dria, Louisiana; 

Mispillion     The  Mispi llion  Creek,  Delaware ; 
Creek. 

Cape  Foul-     Capo  Foul  weather,  Oregon,  to  ascertain  its  adaptability  m  a  harbor 
weather.  of  ret  uge ; 

Coos  Bay.  The  entrance  of  Coos  Bay ; 

Conecuh,  etc.,     The  Conecuh,  Patsaligo,  and  Escambia  Rivers,  Alabama; 
Rivers. 
Yadkin  River.       The  Yadkin,  North  Carolina,  between  the  bridge  on  the  North  Caro- 
lina Railroad  and  Wilkesborough ; 
Flushing  Bay.       Flushing  Bay,  New  York ; 
Thames  River.     The  Thames  River  Connecticut; 

Big  Sunflower,      The  Big  Sunflower,  Chickasahoy,  Tallahatchie,  Cold  Water,  Pearl, 
etc.,  rivers.  and  Pjiscagoula,  Miasissippi;  and  the  expenses  of  survey  of  the  Pacsca- 

goula  shall  be  defrayed  out  of  the  sum  herein  appropriated  for  the  im- 
provement thereof; 
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North  Landing  River,  Virginia ; 

Annacock  Harbor,  Virginia; 

The  Salem  River,  New  Jersey,  between  Sharpstown  and  Delaware 
CanaL 
The  Suwannee  River,  Florida ; 

The  Caloosahatchie  River,  Florida ; 

Mississippi  River  at  and  above  the  city  of  Alexandria,  Missouri ; 

The  mouth  of  Hillsborough  River  and  Tampa  Bay,  Florida ; 

Caney's  Fork  and  Obey's  Rivers,  Tennessee ; 

Bayon  Bartholomew^  Arkansas ; 

Upper  Red  River,  from  the  raft  up  to  the  Missouri,  Kansas  and  Texas 
Railroad  bridge ;  and  also  the  Brazos  River  in  Texas  from  eight  miles 
above  its  mouth,  down  through  its  mouth  to  the  outor  edge  of  the  bar 
in  the  Gulf  of  Mexico. 

Aransas  Pass  and  Bay,  up  to  Rockport  and  Corpus  Christi,  Texas ; 
and  Corpus  Christi  Pass  and  Channel ; 

Little  River,  Arkansas ; 

Saline  River,  Arkansas ; 

The  bar  at  tne  mouth  of  Brazos  River,  Texas,  including  a  report  upon 
the  capacity  of  the  harbor  at  the  mouth  of  the  Brazos,  and  its  adapta- 
bility as  a  harbor  of  refuge  and  naval  station ; 

The  Missouri  River  at  Cedar  City,  in  Callaway  County,  Missouri ; 

ilissouri  River  at  the  city  of  St.  Charles,  Missouri ; 

Yellow  Stone  River ; 

The  Nottoway  River,  Virginia ; 

The  coast  of  Long  Island,  New  York,  between  Coney  Island  Point 
and  Rockaway  Inlet,  in  New  York  Bay  j 
Shcepshead  Bay,  New  York : 
Canarsie  Bay,  New  York ; 
The  Chattahoochee  River,  Georgia,  above  Columbus ; 

The  nint  River,  Georgia,  from  Albany  to  Montezuma ; 

The  Etowah  River,  Georgia ; 

The  Savannah  River,  above  Augusta,  Greorgia ; 

The  Fonche  La  Fave  in  Arkansas : 

The  harbor  of  San  Luis  Obispo,  California,  with  a  view  to  the  prac- 
ticability of  bnUding  breakwater ; 

The  harbor  of  San  Buenaventura,  California,  with  a  view  to  the 
practicability  of  building  breakwater ; 

The  harbor  of  Santa  Barbara,  CaUfomia,  with  a  view  to  the  practi- 
cability of  bailding  breakwater; 

The  Mississippi  River,  to  ascertain  the  practicability,  cost,  and  utility 
of  a  dike  from  Bloody  Island,  opposite  the  city  of  Saint  Louis,  Missouri, 
uorth  to  the  dike  or  dam  opposite  Brooklyn^  on  the  Illinois  shore ; 

A  survey  and  estimate  of  the  damages,  if  any,  done,  or  to  be  done, 
to  riparian  owners  of  lands,  and  impi!ovements  thereon,  at  or  in  front 
of  the  town  of  Venice,  Illinois,  near  Saint  Louis,  Missouri,  by  reason 
of  government  improvements  xuade,  or  to  be  made,  at  or  near  said  town 
of  Venice ; 

Dan  River,  Virginia,  from  Clarksville,  via  Danville,  Virginia,  to  Dan- 
bury,  North  Carolina ; 

Staunton  River,  from  Roanoke  Depot,  in  Charlotte  County,  Virginia, 
to  Brookneal,  in  the  county  of  Campbell,  Virginia ; 

New  River,  from  the  Lead  Mines  in  Wythe  County  to  the  mouth  of 
Wilson  in  Grayson  County,  Virginia; 

The  harbor  at  Quincy,  Illinois ; 

Tones  Bayou^  Bayous  Pierre  and  Wincey  and  Lakes  Bayon  Pierre 
and  Cannasanier,  Louisiana ; 

Scitnate  Harbor,  Massachusetts,  with  a  view  to  its  adaptability  as  a 
harbor  of  refoge; 

Tongapahoe  River,  Louisiana; 

Wolf  River,  from  Lake  Boygan  to  Red  River,  Wisconsin ; 
12  B 


North  Landing 
Eivcr. 

Anancock  Har- 
bor. 

Salem,  River. 

Snwannee  Riv- 
er. 

CalooBahatchie 
River. 

Mississippi 
River. 

HillsbOi-ongh 
River. 

Cancj-'8  Fork 
and  Obey 's  River. 

Bayou  Barthol- 
omew. 

Upper    Red 
River. 
Brazos  River. 


Aransas  Pass. 

Little  River. 
Saline  River. 
Brasos  River. 


Missonri  River. 

Tellovr  Stone 
River. 
Nottoway  River. 

Long    Island 
coast. 

SheopsheadBay. 
Canarsie  Bay. 
Chattahoochee 
River. 

Flint  River. 

Etowah  River. 
Savannah  River. 
Fonche  La  Fave. 
San  Luis  Obispo. 

San  Buenaven- 
tura. 

Santa  Barbara. 
St.  Louis  dike. 


Damages    at 
Venice. 


Dan  River. 
Staunton  River. 

New  River. 

Quincy. 
Tones    Bayou, 
etc. 

Scituate. 

Tongapahoe 
River. 
"Wolf  River. 


Digitized  by  VjOOQIC 


178  REPORT   OP   THE   CHIEF   OP   ENGINEERS. 

Arkansas  River.     The  Arkansas  River,  from  Fort  Smith,  Arkansas,  to  the  mouth  of 

Little  Arkausiis; 
'STood bridge     Woodbridge  Creek,  Middlesex  County,  New  Jersey; 
Creelc. 

Elizabeth  River.     Elizabeth  River,  New  Jersey; 
Railway  River.     Rahway  River,  New  Jersey ; 

Charles  River.      Charles  River,  Miissachusetts,  to  the  head  of  tide- water ; 
Manasquan     Manjisquan  River  New  Jersey ; 
River. 
TVhite  River.        White  River,  Indiana,  including  the  East  Fork  to  the  new  bridge  in 
course  of  construction  near  Bedford,  and  the  West  Fork  to  the  town  of 
Gosport ; 
Portage  Lake.       Portage  Lake,  Manistee  County,  Michigan,  with  a  view  to  its  adaj^ta- 

bility  as  a  harbor  of  refuge ; 
"S^'estport.  Westport  Harbor,  Massachusetts; 

TTood's  Holl.        Wood's  Holl,  Massachusett'S ; 
Peedee  River.       Peedee  River,  from  Cheraw,  South  Carolina,  to  the  mouth  of  Uwharic 

River,  North  Carolina; 
Annapolis.  The  bars  at  the  entrance  of  Annapolis  Harbor,  Maryland,  with  a  view 

,  to  accommodation  of  deep-draught  ve&sels  at  low  tide ; 
Patapsco River      West  Branch  of  Patapsco  River,  Maryland,  from  Lightstreet  bridge 
TTest  Branch.      to  hem!  of  tide-wat-er,  and  an  estimate  of  the  cost  of  making  the  same 

navigable  for  canal-boats; 
Kentucky  River.     The  Kentucky  River  and  navigable  tributaries,  Kentucky ; 
Licking  River.      The  Licking  River,  Kentucky; 
Cumberland     The  falls  of  the  Cumberland,  Kentucky; 
Falls. 

Clearwater     Clearwater  River,  Idaho ; 
River. 

Missouri  and     The  Missouri  and  Kansas  Rivers,  at  and  near  their  junction ; 
Kansas  Rivers. 

Trent  River.         The  Trent  River,  North  Carolina ; 

Neuse  River.        Ncusc  River,  from  Smithfield  to  Goldsborough,  North  Carolina ; 
Chowan  River.      Chowau  River,  North  Carolina ; 

Tar  River.  The  Tar  River,  North  Carolina,  from  Washington  to  Tarborough : 

Humboldt  Humboldt  River,  California,  with  a  view  to  its  adaptability  Jis  a  har- 
River.  bor  of  refuge ; 

Crescent  City  Crescent  City  Harbor,  California,  with  a  view  to  its  adaptability  as  a 
Harbor.  harbor  of  refuge ; 

Rfservoirs  on     The  examination  of  the  sources  of  the  Mississippi  River  and  of  the 
Missisainpi,    St.  Saint  Croix  River  in  Wisconsin  and  Minnesota,  and  of  the  Chippewa 
Croix,  Chippewa,  j^^j  Wisconsin  Rivers  in  the  State  of  Wisconsin,  to  detennine  the  prac- 
Rivors.   ^**^^°*^°  ticability  and  cost  of  creating  and  maintaining  reservoirs  upon  the 
headwaters  of  said  rivers  and  their  tributaries  for  the  puriwse  of  regu- 
lating the  volume  of  water  and  improving  the  navigation  of  said  rivers, 
and  that  of  the  Mississippi  River,  and  an  estimate  of  the  damage  to 
result  therefrom  to  property  of  any  kind ; 
Muskingum     '^^^®  Muskingum  River,  Ohio,  below  the  second  dam,  to  ascertain  its 
River.  a<laptability  for  an  ice-harbor,  for  the  protection  of  steamers  and  other 

craft  on  the  Ohio  River ; 
Colorado  of  the     Colorado  of  the  West  from  Fort  Yuma  to  El  Dorado  Canon ; 

West.  ' 

Kiskiminetas  The  Kiskiminetas  and  Conemaugh  Rivers,  Pennsylvania,  from  the 
and  Conemaugh  mouth  of  the  Kiskiminetas  to  the  mouth  of  Stony  Creek  on  the  Cone- 
Rivers,  maugh ; 

Allegheny  River.     The  Allegheny  River,  up  to  the  mouth  of  French  Creek ; 
Kankakee  River.     The  Kankakee  River,  Hlinois  and  Indiana ; 

Line  o  1  n  v  i  1 1  e     Lincolnville  Harbor,  Maine  ; 
Harbor. 

Lubec Channel.     Lubec  Channel,  Maine; 

Apalac  h  i  0  o  1  a     Apalachicola  Bay,  Florida ; 
Bay. 

East  River.  East  River,  New  York,  at  its  junction  with  Newtown  Creek; 

^tnryland  and  The  peninsnla  of  Marj'land  and  Delaware,  with  a  view  to  a  constnic- 
Delawarc  penin-  tion  of  a  ship-canal  to  connect  the  waters  of  the  Delaware  and  Chesapeake 
8uh»  canal.  j^^^^.^. 

Florida  penln-  The  peninsulas  of  Florida  with  a  view  to  the  construction  of  a  ship 
snhi  cannl.  canal  from  the  Saint  Mary's  River  to  the  Gulf  of  Mexico; 

Dnek  Creek.         Duck  Creek,  Delawanv, 
St.  John's  River.      The  mouth  of  Saint  John's  Fiver,  Florida; 

Kansas  River.       The  Kansas  River  from  its  mouth  to  Junction  City,  Kansas; 
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The  Delaware  River  below  League  Island;  Delaware  River. 

For  survey  of  the  Saint  Jolm*s  River,  Florida,  between  Lake  Geornre  St.  John's  River, 
and  Lake  Monroe,  and  estimates  of  cost  of  deepening  the  Volusia  Bar 
and  atrai^liteninj;  the  river  by  cut-offs ; 

Port  Orford,  Oregon,  to  ascertain  its  adaptability  for  a  harbor  of    PortOrford. 
refuge; 

Rogue  River,  Oregon,  between  Scottsburg  and  its  mouth ;  Rogue  River. 

Cof|uille  River,  Oregon ;  CoquUle  River. 

Alsea  River  and  Bay,  Oregon;  Alsea  River  and 

Bay. 

That  the  sum  of  twenty  thousand  dollars  is  hereby  appropriated,  out    Water   linen 
of  any  money's  in  the  Treasury  not  othenvise  provided  for,  for  the  pur-  from  Norfolk  t«» 
pose  of  haviiig  <a  complete  survey  and  examination  of  all  the  water  lines  ^^^  ^^^^  River, 
and  routes  leading  or  that  may  lead  from  the  Harbor  of  Norfolk  to  the 
Atlantic  Ocean  south  of  Hatt-eras,  including  any  communication  that 
may  l>e  practicable  with  the  Cape  Fear  River;  and  the  said  examina-    "WTiat  lines  to 
lion  and  survey  shall  embrace  the  line  known  as  the  Dismal  Swamp  line  be  surveyed, 
and  the  line  known  as  the  Albermarle  and  Chesapeake  Canal  Hue,  and 
all  other  routes  and  lines  that  may  be  practicable  in  the  waters  of  Eastern 
North  Carolina  connecting  Norfolk  Harbor  by  inland  navigation  with 
the  m^ean  south  of  Cape  Hatteras. 

Sec.  3.  Tliat  for  the  examinations  and  surveys  herein  provided  for.     Examination h, 
and  for  iuc-ideutal  repairs  of  harbors  for  which  there  is  no  special  ap-  ^t«- ;    approprla- 
propriation,  the  sum  of  one  hundred  and  fifty  thousand  dollars  is  hereby  **""• 
appropriated,  to  l>e  paid  out  of  any  moneys'  in  the  Treasury  not  other- 
nise  a])propriated. 

Approved,  June  18,  1878. 


CHAP.  310. — ^An  act  granting  a  site  for  a  dry-dock  in  the  city  of  Baltimore  upon  cer-     Jnno  19,  1878. 
tain  conditions.  

Be  it  enacted  by  the  Senate  and  Home  of  JRepresentatives  of  the  United 
Statea  of  A  merie^  in  Congresn  assembled^  That  the  Si'cretary  of  War  be,     Fort  McHenry 
and  he  is  hereby,  directed  to  convey  to  the  Baltimore  Dry  Dock  Com- 1™<'*.  Baltimore, 
pany  of  Baltimore  City,  a  body  corporate  created  under  the  laws  of  the  convevcS  as  site 
State  of  Maryland,  for  the  consideration  hereinafter  descri])ed,  so  much  for  dry -dock, 
of  the  land  l>elonging  to  the  United  Stat^is,  in  said  city,  known  as  the 
Fort  3Ic  Henry  tract,  as  lies  between  the  northwestern  boundary  line  of 
the  said  tract,  and  a  line  parallel  thereto  and  distant  four  hundred  and 
fifty  fet^t  therefrom,  and  between  J*  line  two  hundred  and  fifty  feet  from 
the  ncirthem  side  of  Fort  avenue  (a  street  or  avenue  of  said  city,  ex- 
tended), and  parallel  thereto,  and  the  northwest  branch  of  the  Patapsco 
Eiver. 

^^Ec.  2.  Tliat  in  consideration  of  the  said  conveyance,  and  as  the  con-    Conditions    of 
dition  npon  which  the  same  is  made,  the  said  dry-dock  company  shall  conveyance. 
1»<»  requirtnl  to  construct,  upon  the  land  conveyed  as  aforesaid,  within 
two  years  from  the  date  of  the  conveyance,  "an  efficient  "  Simpson's 
improved  dry-dock",  four  hundred  and  fifty  feet  in  length,  and  to 
arconl  to  the  United  States  the  right  to  the  use  forever  of  the  said  dry- 
dork,  at  any  time,  for  the  prompt  examination  and  repair  of  vessels 
Monginfr  to  the  United  States,  free  from  charge  for  docking;  and  if  at    Diversion  to 
any  time  said  property  hereby  conveyed  shall  be  diverted  to  any  other  other  uses. 
nse  than  that  herein  named,  or  if  the  said  dry-dock  shall  be  Jit  any  time 
nnfit  for  nne  for  a  period  of  six  mouths,  or  more,  the  property  hereby 
conveyed  with  all  its  privileges  and  appurtenances  shall  revert  to,  and 
Iw^conie  th<?  absolute  property  of  the  iJnited  States. 

Approved,  June  19,  1878. 


CHAP.  313. — An  act  to  amend  an  act  entitled  "An  act  making  appropriations  for  the  Jnne  19,  1878. 

PFpair.  presservation,  and  completion  of  certain  public  works  on  rivers  and  harbors, 

and  for  other  parpoae«,''  approved  March  3,  A.  D.  1875. 

^  ii  enacted  hy  the  Senate  and  Rouse  of  Representatives  of  the  United 

^ta\^  of  America  in  Congrem  assembled,  That  the  fourth  and  succeeding  James  B.  Eiul.«*. 

«e*  tions  of  an  act  entitled  "An  act  making  ai>propriatiou8  for  the  repair,  Payments  t  o. 

prt^MT^-ation,  and  completion  of  certain  public  works  on  rivers  and  bar-  1875  ch."^ 

*»ora,  and  for  other  purposes  ^^  approved  March  tliird,  anno  Domini  is  stat,,  403! 

eighteen  hnntlred  and  seventy-five  authorizing  James  B.  £ads  and  his  Amended. 
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associates  to  create  and  i>eTmanently  maintain  a  wide  and  deep  channel 
between  the  South  Pass  of  the  Mississippi  River  and  the  Gulf  of  Mexico, 
be,  and  they  are  hereby,  amended  so  as  to  provide  that  payments  shall 
be  made  to  said  £ads,  his  assigns  or  legal  representatives,  as  follows, 
namely : 
Payment  of  five     Sec.  2.  The  Secretary  of  War  is  hereby  authorized  and  directed  to 
hundred  tlioa- draw  his  warrant  upon  the  Secretary  of  the  Treasury  of  the  United 
sand  dollars.        States  in  favor  of  James  B.  Eads,  his  assigns  or  legal  representatives, 
for  the  sum  of  five  hundred  thousand  dollars,  so  soon  as  tne  said  Eads, 
his  lawful  assigns  or  legal  representatives,  shall  file  with  the  said  Sec- 
rotary  of  War  a  relinquishment  of  all  claim  to  the  payment  of  five  hun- 
dred thousand  dollars  provided  bv  the  hereinbefore  recited  act  to  be 
paid  wheu  a  channel  twenty-four  leet  in  depth  and  not  less  than  two 
nundred  and  fifty  feet  in  width  shall  have  been  obtained.    And  the 
Secretary  of  the  Treasury  is  hereby  authorized  and  directed  to  pay  to 
said  Eacis,  his  lawful  assigns  or  legal  representatives,  the  sum  for  which 
said  warrant  is  drawn. 
Monthly    pay-     Sec.  3.  The  Secretary  of  War  is  further  hereby  authorized  and  di- 
ments,    amolm^  rected  upon  his  approval  of  the  engineers  statement  in  this  section  men- 
ISfd^th*^^  ^"^  tioned  to  draw  his  warrant  upon  the  Secretary  of  the  Treasury  of  the 
doUara.  United  States  in  favor  of  said  James  B.  Eads,  his  lawful  assigns  or  legal 

representatives,  monthly,  for  such  sums,  not  exceeding  in  the  aggregate 
the  gross  sum  of  five  hundred  thousand  dollars,  as  he  or  they  may  re- 
quire in  the  prosecution  of  the  works  authorized  by  said  hereinbefore 
recited  act.  to  pay  for  materials  furnished,  labor  done,  and  expenditures 
incurred,  from  and  after  the  passage  of  this  act,  in  the  construction  of 
Certificates  of  said  works:  Provided,  That  said  Eads  or  his  legal  representatives,  shall 
work,  etc.  file  iu  the  office  of  the  Secretary  of  War,  with  each  requisition  made  by 

him  or  them,  a  certified  statement,  whicn -shall  be  made  by  the  engineer 
officer  provided  for  in  said  act,  that  the  requisition  is  for  the  amount  of 
work  properly  done,  mat-erials  furnished,  and  expenditures  incurred  in 
Relinquishment  the  prosecution  of  the  work :  And  protndedy  That  said  Eads,  his  lawful 
of  deferred  pay-  assigns  or  legal  representatives  shall  file  with  the  Secretary  of  War  a 
™®°**  relinquishment  of  all  claim  to  the  deferred  payment  of  two  hundred 

and  fifty  thousand  dollars  provided  by  the  hereinbefore  recited  act  to 
bo  paid  when  a  channel  twenty-four  feet  in  depth  and  not  less  than  two 
hundred  and  fifty  feet  in  width  shall  have  been  maintained  for  twelve 
Further  relin- months  consecutively :  And  pravided  further,  That  said  Eads,  his  lawful 
quishment.  assigns  or  legal  representatives  shall  from  time  to  time,  as  monthly  in- 

stalhnents  of  the  remaining  two  hundred  and  fifty  thousand  dollars  are 
paid,  file  with  the  Secretary  of  War  a  relinquishment  of  like  amounts, 
to  be  deducted  from  the  payment  of  five  hundred  thousand  dollars  pro- 
vided by  the  hereinbefore  recited  act  to  be  paid  when  a  channel  twenty- 
six  feet  in  depth  and  not  less  than  three  nundred  feet  iu  width  shall 
have  been  obtained.    And  the  Secretary  of  the  Treasury  is  hereby 
authorized  and  directed  to  pay  to  said  Eaids,  his  lawful  assigns  or  legal 
Remalninjf  pay-  representatives^  the  sums  for  which  said  waiTants  are  drawn.     All  other 
ments  nccording  payments  to  said  James  B.  Eads  his  lawful  assigns  or  legal  represeuta- 
to  former  act.       tives  are  to  be  nia<le  under  and  in  pursuance  of  the  provisions  of  the 
hereinbefore  recited  act ;  the  whole  of  said  act,  except  as  the  same  is 
hereby  expressly  modified  or  amended,  to  have  the  same  force  and  effect 
as  if  this  act  had  not  been  passed. 
Board  of  enpi-     ggc.  4.  The  President  of  the  United  States  is  hereby  authorized  and 
a^d^TOrt  directed  to  convene  a  board  of  five  engineers  of  the  Army,  which  said 

^      *^   '  board  shall  visit  the  works  in  process  of  construction  by  said  James  B. 

Eads  at  the  South  Pass  of  the  Mississippi  River,  and  make  an  examina- 
tion of  the  same,  and  make  a  full  report  of  the  progress  made  in  the  con- 
struction of  the  works,  the  probable  cost  of  their  completion,  and  the 
results  produced,  or  that  may  properly  be  produced  by  tnem,  their  prob- 
able permanency,  and  of  the  advisability  of  any  modification  of  the 
terms  of  the  act  under  which  siiid  Eads  is  constructing  said  works,  so 
far  as  regards  dimensions  of  channel  through  the  jetties,  and  of  the 
terms  of  payment  for  the  same ;  which  said  report  shall  be  submitted 
to  the  Secretary  of  War,  to  be  presented  at  the  next  session  of  Con- 
gress. 
Approved,  June  19,  1878. 
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CHAP.  829. — An  act  mAlEing  appropriAtioiM  for  the  lefs^ialative,  execntlve,  and  Judicial     June  10,  1878. 

expenaea  of  ihe  govenunent  wr  the  fiscal  year  ending  Juno  30,  1879,  and  for  other 

purposes. 

Be  H  enacted  6y  the  Senate  and  Rouse  of  Representatives  of  the  United 

States  of  America  in  Congress  assembled^  That  the  following  ruiiis  be,  and  Appronriatlons. 

the  same  are  hereby,  appropriated,  out  of  any  money  iu  the  Treasury       f£**^**J®'  ^^. 

not  otherwifle  appropriated^  in  full  compensation  for  the  service  of  the  ^  expeiwes."  * 

fiscal  year  ending  June  thirtieth,  eighteen  hundred  and  seventy-nine, 

for  the  objects  hereinafter  expressed,  namely : 

♦  »  #»  »  •  « 

WAK  DEPARTMENT. 


Ix  THK  Ottice  of  the  CfflEF  OF  ENGINEERS. — One  chief  clerk,  at    Engineer 
two  thousand  dollars ;   four  clerks  of  cla.s8  four ;   two  clerks  of  class  reaa- 
three ;  three  clerks  of  class  two ;  three  clerks  of  class  one ;  one  clerk, 
at  one  thousand  dollars ;  one  assistant  messenger;  and  two  laborers; 
in  all,  twenty-three  thousand  two  hundred  and  forty  dollars. 

That  the  Secretary  of  War  is  hereby  authorized  to  detail  not  exceed- 
ing thirty  enlisted  men  for  clerical  service  in  his  department  in  addition 
to  the  force  above  provided. 

For  contingent  expenses,  namely:  For  stationery,  office  furniture, 
miscellaneous  and  incidental  expenses,  including  purchase  of  profes- 
sional books  and  maps,  two  thousand  live  hundred  aoUars. 


Bu- 


PUBLIC  BUILDINGS  AND  GROUNDS. 

For  clerk  in  the  office  of  Public  Buildings  and  Grounds,  one  thou.sand  Salaries,  etc. 
foor  hundred  dollars ;  and  for  messenger  m  the  same  office  eight  hun- 
dred and  forty  dollars.  For  rent  of  a  portion  of  the  building  known  as 
the  Towson  House,  for  the  use  of  the  clerical  force  employetl  under  the 
Chief  of  Engineers  of  the  Aniiy  upon  the  public  buildings  and  grounds 
of  the  Government  of  the  United  States  in  the  District  of  Columbia,  for 
office  for  records  and  for  transaction  of  business  relating  to  the  same, 
nine  hundred  dollars. 

For  the  public  gardener,  one  thousand  six  hundred  dollars. 

For  a  foreman  and  laborers  employed  in  the  public  grounds,  twenty 
thousand  dollars. 

For  two  drawkeepers  for  Navy  Yard  and  Upper  bridges,  one  thousand 
fonr  hundred  and  forty  dollars. 

For  wat<:hman  in  Franklin  Square,  six  hundred  and  sixty  dollars. 

For  watchman  in  Lafayette  Square,  six  hundred  and  sixty  dollars. 

For  three  watchmen  in  Smithsonian  grounds,  at  six  hundred  and 
sixty  dollars  each,  one  thousand  nine  hundred  and  eighty  dollars. 

For  one  watchman  for  Judiciary  Square,  and  one  for  Lincoln  Square 
and  adjacent  reservations,  at  six  hundred  and  sixty  dollars  each,  one 
thousand  three  hundred  and  twenty  dollars. 

For  one  bridgekeeper  at  Chain  Bridge,  six  hundred  and  sixty  dollars. 

For  contingent  and  incidental  expenses,  five  hundred  dollars.  Contingencies. 

Approved,  June  19,  1878. 


CHAP.  350. — ^An  act  maUng  appropriations  for  sundry  civH  expenses  of  the  govern-     June  20, 1878. 
vaeat  for  the  fiscal  year  enaing  June  30,  1879,  and  for  other  purposes.  

Be  a  enacted  hy  the  Senate  and  House  of  Representatives  of  the  United 
States  of  America  in  Congress  assembled.  That  the  following  sums  be,  and  ^propriationH. 
the  same  are  hereby,  appropriated  for  the  objects  hereinafter  expressed  g_?^IJ  °*^*^ 
for  the  fiscal  year  ending  June  thirtieth,  eighteen  hundred  and  seven-     '^ 
ty-nine,  namely : 


UNDEK  THE  WAR  DEPARTMENT. 


BUILDINGS    AND    GROUNDS    IN    AND    AROOND    WASHINGTON    AND    THE 
EXECtrriVB  MANSION.^ 


Improvement  and  care  of  j^ublic  grounds :  For  filling  in  and  improv- 
ing grounds  south  of  Executive  Mansion  five  thousand  dollars.  ^  ^ 
For  ordioAry  care  of  greenhouses  and  the  nursery,  one  thousand  five 


Public  grounds 
Wasmngton, 
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Proviso.  hnndred  dollars :  Providedj  That  hereafter  only  such  trees,  shrubs,  and 

r^amted  **      ®plant8  shall  be  propagated  at  the  greenhouses  and  nurserj'  as  are  suit- 
l>    paga  g^i^i^  £^^  planting  in  the  public  reservations,  to  which  puriM)se  only  the 

said  productions  of  the  greenhouses  and  nursery  shaU  be  applied. 
For  ordinary  care  of  Lafayette  Square,  one  thousand  dollars. 
For  care  and  improvement  of  reservation  number  three  (Monument 
grounds),  one  thousand  dollars. 
For  annual  repair  of  iron  fences,  five  hundred  dollars. 
For  manure,  and  hauling  the  same  two  thousand  five  hundred  dollars. 
For  paintin|r  iron  fences,  vases,  lamps,  and  lamp-posts,  one  thousand 
PnbUo  grounds  five  hundred  dollars, 
m    Washington.     Yot  purchase  and  repair  of  seats,  one  thousand  dollars. 
For  purchase  and  repair  of  tools,  five  hundred  dollars. 
For  trees,  tree-stakes,  Ume,  whitewashing,  and  stock  for  nursery,  two 
thousand  dollars. 
For  removing  snow  and  ice,  one  thousand  dollars. 
For  flowers,  pots,  twine,  baskets,  and  lycopodium,  five  hundred  dol- 
lars. 
For  abating  nuisances,  five  hundred  dollars. 

For  care  and  repair  of  fountains  in  the  public  grounds  one  thousand 
dollars. 
For  improving  various  reservations  five  thousand  dollars. 
Executive  Man-     For  laborers  employed  in  the  public  grounds,  four  thousand  dollars, 
sion.  Executive  Mansion:  For  care  of  and  repairs,  refurnishing,  and  fuel 

for  the  Executive  Mansion,  and  care  of  and  necessary  repair  to  the 
Bridges.  greenhouses,  and  fuel  for  the  same,  twenty-five  thousand  dollars. 

Lighting,  etc.       For  care  and  repair  of  bridges^  one  thousand  dollars. 

Lighting  the  Executive  Mansion  and  public  grounds :  For  gas,  pay 
of  lamplightors,  gas  fitters,  plumbers,  plumbing,  lamps^  lamp-posts, 
matches,  and  repairs  of  all  kinds ;  lamps  for  Anacostia  bridge ;  fuel  for 
Proviso.  the  oflice,  watchmen's  lodges,  and  for  the  greenhouse  in  the  nursery, 

Price  of  gas.  fifteen  thousand  dollars :  Proinded,  That  no  more  than  twenty-five  dol- 
lars shall  be  paid  per  street-lamp  for  ^as ;  and  in  case  a  contract  cannot 
be  made  at  that  rate,  the  engineer  m  charge  is  hereby  authorized  to 
substitute  other  illuminating  material,  and  to  use  so  much  of  the  sum 
hereby  appropriated  as  may  be  necessary  for  that  purpose. 
Water-pipes,  Repair  of  water  pipes  and  fire-plugs:  For  repairing  and  extending 
''**■■  water-pipes,  purchase  of  apparatus  to  clean  them,  and  for  cleaning  the 

springs  and  repairing  and  renewing  the  pipes  of  the  same  that  supply 
the  Capitol,  the  Executive  Mansion,  and  the  War  and  Navy  Depart- 
ments, two  thousand  dollars. 
Department tel-     Telegraph  to  connect  the  Capitol  with  the  departments  and  the  Gov- 
egraph.  eminent  Printing  Oflice :  For  i-epair  and  care  of  the  same,  one  thousand 

dollars. 
Washington     Washington  aqueduct :  For  engineering,  maintenance,  and  general 
aqueduct.  repairs  of  the  same,  fifteen  thousand  dollars. 

State, War,  and     Building  for  State,  War,  and  Navy  Deiiartinents  (east  wing) :  To  com- 
Navy   l^^part-pijj^jj  i\^q  eas^  wing  and  its  approaches,  to  be  ex])onded  for  plastering 
ment  bu  ding.     ^^^  stucco,  glazing,  painting,  carpenter  and  joiner  work,  tiling  floors, 
mantels  and  grates,  elevators,  balusters  for  winding-stairways,  iron 
fence,  lamp-posts  and  lanterns  for  the  approaches,  oflice  rent,  and  con- 
tingencies, tnree  hundred  and  twenty-five  thousand  dollars. 

For  continuing  the  constiiiction  of  the  north  wing,  to  be  exi)ended  for 

cut-stone,  excavations,  and  foundations,  two  hundred  and  fifty  thousand 

dollars. 

Stajtue  of  Gen-     That  the  unexpended  balance  of  the  appropriation  for  the  statue  of 

^^'isre  cJT^Se      General  George  H.  Thomas,  made  by  the  act  of  July  thirty-first,  eight.een 

19  Stat.,  114.     hundred  and  seventy  six,  amounting  to  two  thousand  four  hundred  and 

sixty-five  dollars  and  fifteen  cents,  oe,  and  the  same  is  hereby  reappro- 

priated,  and  made  available  to  finish  the  x)edestal  and  statue. 

MISCELLANEOUS  OBJECTS. 

Oeographical     One  hundredth  meridian:  For  continuing,  in  field  and  oflice,  the  geo- 
sui-vey.  graphical  survey  of  the  territory  of  the  Unitod  States  west  of  the  one 

hundredth  meridian,  the  sujiply  branches  of  the  W^ar  Department  aid- 
ing as  heretofore ;  for  the  preparation,  engraving,  and  printing  of  the 
maps  and  other  illustrations,  and  the  purchase  of  locations  for  connect- 
ing-stations, fifty  thousand  dollars ;  to  be  immediately  available. 
Surveyof North-     Survey  of  Northern  and  Nortliwesteni  Lakes  and  Mississippi  River : 
em  and  ^"orth-  Yov  continuing  survey  of  Lake  Erie:  determinaticm  of  points  in  aid  of 
western  lakes,  g^^^^  surveys  and  construction  of  maps,  continuation  of  tri angulation 
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east  from  Mnngo  and  south  from  Chicago  aud  east  to  Lake  Erie,  survey 
of  the  MiH8i88ii>pi  River;  for  Lake  Erie:  coni}»letiou  of  triau|;rulatiou 
and  measurement  of  base',  constnictiu^  and  engraving  ma])H;  for  Lake 
Ontario;  for  Lake  Michigan:  continuation  of  triaugulation  east  from 
Mungo  aud  south  from  Chicago,  and  publication  oi  maps ;  for  survey 
of  the  Mississippi  River:  continuation  of  tri angulation,  continuation 
of  toi>ogTaphy  aud  hydrography,  continuation  of  levels,  purchase  of 
Hteam-lannches  and  quarter-boats,  and  reduction  of  work  and  const  ruc- 
tion and  publication  of  maps;  water-level  observaticms;  quarters  and 
fuel  for  officers;  determination  of  points  in  aid  of  State  surveys;  office 
rent  fuel;  stationerj-;  instruments;  and  for  miscellaneous  ))urposes 
incident  to  the  work,  ninety-nine  thousand  dollars ;  one  half  of  which 
shall  l>e  used  in  continuing  the  survey,  now  being  made  under  direc- 
tion of  the  War  Department,  of  the  Mississippi  River  aud  tributaries. 

To  enable  the  Secretary  of  War  to  pay  to  the  Hartford  and  New  York  ^^^'tf®"!.  ^^*^ 
Steamboat  Company  for  dredging  done  in  the  Connecticut  River,  under  J^^^||J^''^^**1™* 
the  direction  of  Major  G.  K.  Warren,  United  States  Engineers,  in  the  "   i>ttu.\. 

months  of  July,  August,  and  September,  eighteen  hundred  andseventy- 
sLx,  four  thousand  two  hundred  and  three  dollars. 

For  payment  of  George  F.  Wheeler,  Robert  H.  Hotchkiss  and  Aaron    G.  F.  Whcflir 
Walters,*  for  services  rendered  by  them  as  connuissioners  ap])ointed    ^•?Vr^.*J**'}*^*'*''' 
pursuant  to  an  act  of  Congress  or  March  third,  eighteen  hundred  and    jgyj  *lJi,  i*Jjg 
seventy-five,  to  appraise  damages  to  lands  in  F(md  du  Lac  County  Wis-    ig  sW.j  506*. 
cousin,*  caused  by  the  improvement  of  the  Fox  aud  Wisconsin  Rivers, 

five  tliousand  three  hundred  and  ten  dollars. 

•  •  •  ft  •  •  ft 

The  requLsite  amount  is  hereby  appropriated,  out  of  any  nu»uey  in  James  B.  Eaa». 

the  Treasury  not  otherwise  appropriated,  to  pay  all  money  that  may 

l»ecome  due  and  owing  to  James  B.  Eads  and  his  associates,  or  that  may 

become  payable  to  said  Eads,  his  assigns  or  legal  re})re»entatives,  in  , 

accordance'  with  the  xirovisions  of  the  act  approved  March  third,  eight-  ig'stat,*  403'. 

een  hundred  aud  seventy-five,  and  the  act  amendatory  thereof,  prior  jg^g  ^,^^  gjg 

to  the  first  dav  of  February,  eighteen  hundred  and  seventy-nine.  ante  v.  ias.  * 

ft  "ft  ftft  ft  ft  ft  '*^ 

That  the  sum  of  sixty-five  thousand  doll ars  be,  and  the  same  is  hereby,     Free    wn jjoii- 
approiiriated,  out  of  any  money  in  the  Treasury  not  otherwise  api)ro- bridco  at  Fort 
nriated,  to  aid  in  the  construction  and  completion  of  a  free  wa^on- Suelling. 
oridge,  with  stone  abutments,  or  stone  and  iron  abutments,  and  iron 
su]M*i"?*trurture,  ticross  the  Mississippi  River  at  or  near  Fort  Snelliuf^, 
iH'tween  the  military  reservation  of  the  United  St.ates  u])on  which  said 
fort  is  situated  and  a  pciint  nearly  oi)posite  said  fort,  in  the  county  of 
Ramsey,  Minnesota:  I^rawided,  Tliat  such  bridge  shall  be  constructed    Proviso, 
without  the  exiMjnditure  of  any  other  or  greater  sum  of  money  from    Cost, 
the  Treasury  of  the  United  States:  Prorided  ahOy  That  the  height  of    Height   and 
said  bridge  shall  be  at  least  sixty-eight  feet  above  high- water  mark.  span, 
aud  that  a  span  of  at  least  two  hundred  feet  in  the  clear  be  i>rovideu 
from  the  right  or  Fort  Snelliiig  bank  of  said  river  toward  the  left  bank 
thereof:  Promded  furiher,  That  said  bridge  shall  be  and  forever  remain,   Public  highway. 
a  public  highway,  free  to  the  United  States  of  America  and  to  all  the 
|K?ople  thereof. 

That  the  location  of  said  bridge,  and  the  plans,  specifications,  and    Approval  of 
estimates  for  the  construction  and  completion  thereof,  shall  be  approved  pl«"».  et<.'. 
>»y  the  Secretary'  of  War.     And  whenever  the  said  bridge  shall  have    Pa>Tiit*nt,whtii 
Iwren  fully  completed  as  hereinbefore  provided,  opened  to  travel,  and  to  be"  made. 
irrevcK'ably  dedicated  as  a  public  highway,  free  to  the  United  States  of 
America  and  all  the  people  thereof,  the  Secretary  of  the  Treasury  shall 
pay  to  the  persons  entitled  to  receive  the  same  by  reason  of  the  coii- 
••trnrtion  of  said  bridge,  or  to  the  commissioners  authorized  to  build 
said  bridge,  the  said  sum  of  sixty-five  thousand  dollars,  which  sum  is 
hereby  appropriated  for  said  puri>ose :  Provided,  That  said  bridge,  when     How  to  be  kept 
c«nstnicted,  shall  be  kept  in  goo<l  order  and  repair  by  the  county  of  hi  repair. 
Rams«\v,  Minnesota;  ana  the  United  States  shall  never  be  liable  to  any 
ex]»eiiH<»  iu  the  maintenance  or  rei>air  of  said  bridge. 

That   the  conmiissioners  authorized  to  build  said  bridge  under  a    Authority  to 
^pw-ial  a<-t  of  the  legislatim*  of  Minnesota,  entitled  <<  An  act  to  author-  ft^«f  on\i>»f^v\l 
ize  and  prr)vide  for  the  construction  of  a  free  bridge  acnms  the  Missis-  [}ou.*  **"  "  '*^ 
btpiii  River  at  or  near  Fort  Snelling,  and  to  lay  out  suitable  roads 
and  a j>prciaches  thereto",  approved  March  second,  eighteen  hundred 
and  seventy-six,  and  the  acts  amendatory  thereof,  and  their  succes- 
sors, \k»,  and  they  are  hereby,  authorized  to  abut  said  bridge  upon 
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the  lands  of  the  United  States  known  as  the  Fort  Snellinj?  military  res- 
ervation, and  to  construct  and  maintain  an  abutment  thereon  for  said 
bridge,  at  such  point  as  the  Secretary  of  War  shall  approve,  and  to  sur- 
vey locate,  open  and  maintain  public  roads  or  highways  from  said 
bridge ;  for  which  purpose  a  right  of  way  not  exceeSing  one  hundred 
feet  in  width,  from  said  bridge,  across  said  military  reservation,  upon 
such  line  or  lines  as  the  Seci'etary  of  War  shall  direct  or  approve,  is 
hereby  given  and  granted  to  said  commissioners  and  their  successors. 

National  Aoad-  And  the  National  Academy  of  Sciences  is  hereby  required,  at  their 
emy  of  Sciences  next  meeting,  to  take  into  consideration  the  methods  and  expenses  of 
Jj;^JJ"^|^*^^ conducting  all  surveys  of  a  scientific  character  under  the  War  or  In- 
Burveys.  terior  Department,  and  the  surveys  of  the  Land  Office,  and  to  report  to 

Congress  as  soon  thereafter  as  may  be  practicable  a  plan  for  surveying 
and  mapping  the  Territories  of  the  United  States  on  such  general  sys- 
tem as  will,  m  their  judgment,  secm-e  the  best  I'esults  at  the  least  pos- 
sible cost ;  and  also  to  i-econmiend  to  Congress  a  suitable  i>lan  for  the 
publication  and  distribution  of  the  reports,  maps,  and  docmneuts,  and 
other  results  of  said  surveys,  #  »  •  ♦  » 

Ai>proved,  June  20,  1878. 


June  20, 1878.    CHAP.  391.-~An  act  to  appoint  a  commission  to  ascertain  the  cost  of  lemoving  the 
Naval  Observutoiy. 


Be  it  enacted  hy  the  Senate  and  House  of  Represeniativee  of  the  United 
Naval  Observ.  States  of  America  in  Congress  assembled,  That  the  President  be,  and  he  is 
atory.  hereby,  directed  to  appoint^  by  and  with  the  advice  and  consent  of  the 

aeSirSte*  ^  Senate,  a  conunission  consisting  of  three  persons,  one  of  whom  shall 
be  a  Rear  Admiral  of  the  Navy,  one  of  whom  shall  be  a  Colonel  of 
Engineers,  and  one  shall  be  chosen  from  civil  life,  whose  duty  it  shall  be 
to  select  a  site,  within  the  District  of  Columbia,  for  the  United  States 
Naval  Observatory,  such  site  to  possess  relatively  the  advantages  of 
healthfulness,  clearness  of  atmospnere,  convenience  of  access  from  the 
City  of  Washington,  and  such  other  advantages  as  may  be  found  expe- 
Report  dient,  and  to  report  fully  thereon  including  estimates  of  the  total  ex- 

pense of  said  site  and  the  removal  of  the  Observatory^  to  the  next  ses- 
Proviso.  sion  of  Congress :  Provided,  however,  That  no  member  ot  said  commission 

shall  be,  directly  or  indirectly,  interested,  for  himself,  or  for  any  other 
person,  in  any  property  to  be  selected  as  a  site  for  said  Observatory. 
Pronosals    for     Sec.  2.  Said  commission  shall  invite  sealed  proposals  or  offers  of  sale 
sale  or  site.  from  the  ownera  of  land  deemed  fit  for  such  a  site,  containing  such 

provisions  as  they  may  deem  sufficient  to  bind  such  owners  to  convey 
such  land  to  the  Uiuted  States  in  case  the  same  shaU  hereafter  be 
selected  and  detennined  on  as  the  site  of  said  Observatory ;  which  pro- 
posals shall  be  o^)ened  by  the  full  commission  publicly,  and  in  the  pres- 
ence of  persons  interested  who  may  choose  to  attend,  on  a  day  to  be 
fixed  for  that  purpose,  after  due  notice  to  all  parties  interested ;  and 
no  proposal  received  after  such  formal  opening  shall  be  opened  or  con- 
siderea. 
Sale  of  present     Sec.  3.  Said  commission  shall  also  consider  and  report  upon  the  pro- 
site,  etc.  priety  and  expediency  of  disposing  of  the  old  observatory  grounds  and 
buildings,  the  best  and  most  advantageous  method  of  selling  the  same, 
and  the  probable  sum  which  may  be  realized  therefore. 
Examination  of     Sec.  4.  Said  commissioners  may,  if  they  deem  it  necessary  in  order 
sites  not  offered,  to  secure  the  best  site  for  said  observatory  examine  any  premises  within 
said  District  not  offered  for  sale  as  before  provided  which  may  seem 
eligible,  and  may  report  their  estimate  of  the  cash  market  value  of  the 
same 
Approved,  June  20,  1878. 


Dec.  15, 1877.     [No.  2.  J    Joint  resolution  relative  to  reservoirs  to  promote  the  navigation  of  the  Mis- 
•  sissippi  River. 

Be  it  resolved  hy  the  Senate  and  Mouse  of  Representatives  of  the  United 

Keservoirs   on  States  of  America  in  Congress  assembled,  That  the  Secretary  of  War  be, 

Sj^tCr^cRlver,  ^mj  ^^  ishereb  y,  reciuested  to  make  such  preliminary  examination  of 

tor.'  *""*"**'***'*  the  headwaters  of  the  Saint  Croix,  Chippewa,  and  Wisconsin  Rivers,  in 

the  States  of  Minnesota  and  Wisconsin,  as  is  consistent  with  his  service, 
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to  determine  the  extent  and  practicability  of  reservoirs  upon  the  same, 
and  report  to  this  Conffrees  the  result  of  sach  examination,  together 
with  a  compilation  of  all  information  and  report-s  in  his  office  bearing 
upon  the  subject  of  reservoirs,  by  February  fifteenth  proximo,  or  as 
early  thereafter  as  practicable.  And  that  he  also  report  the  estimated 
amount  and  character  of  the  lands  which  would  be  submerged  by  such 
reservoirs. 
Approved,  December  15, 1877. 


[No.  81.1    Joint  reaolntioii  to  enable  the  Joint  oommlssion  to  oarry  into  effect  the  act     June  14,  1878. 
<«r  Congreas  providing  for  the  completion  of  the  Washington  Mouoment  

Be  U  resolved  by  the  Senate  and  House  of  Bepresentativee  of  the  United 
States  of  America  in  Congress  assembled  j  That  the  joint  commission  created    Washington 
by  tlie  act  of  Congress  entitled  "An  act  providing  for  the  completion  of  ^«!n"™^^t. 
the  Washington  Aionument ",  approved  August  second,  eighteen  hundred  prfatTon    *'*^"*' 
and  seventy-six,  be,  and  they  are  hereby,  authorized  to  apply  a  portion    i876,  ch.  260, 
of  the  money  appropriated  by  said  act  not  exceeding  thirty-six  thou-    10  Stat.,  123. 
simd  dollars  to  give  greater  stability  to  the  foundation,  if  they  deem  it 
advisable. 

Approved,  June  14,  1876. 
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AJOTJAL  EEPORT  OP  LTBUTBNANT-COLONBL  GEORGE 
THOM,  CORPS  OP  ENGINEERS,  POR  THE  PISOAL  YEAR 
ENDING  JUNE  30,  1878. 

United  States  Enoineeb  Office, 

Portland^  Me.,  July  12, 1878. 
General.  :  I  have  the  honor  to  transmit  herewith  my  annual  reports 
of  operations  for  the  fiscal  year  ending  June  30, 1878,  on  the  several 
river  and  harbor  improvements  under  my  charge  in  the  States  of  Maine, 
New  Hampshire,  and  Massachusetts. 

Very  resp>ectfully,  your  obedient  servant, 

Geo.  Thom, 
Lieut  Col.  qfUnffineerSy  Bvt  Brig.  6en.y  U.  8.  A. 
Brig.  G^n.  A.  A.  Humphreys, 

Chief  of  EngineerSj  U.  8.  A. 


A  I. 

IMPROVEMENT  OF  SAINT  CROIX  RIVER,  ABOVE  THE  "LEDGE,"  MAINE. 

The  following  appropriations  have  been  made  by  Congress  for  the 
improvement  of  this  river,  viz: 

By  act  approved  March  2, 1867 $15,000  00 

By  act  approved  March  3,  1873 10,000  00 

By  act  approved  June  23,  1874 10,000  00 

Total 35,000  00 

The  act  of  March  2, 1867,  contains  the  proviso  that — 

The  Province  of  New  Brunswick  contribute  and  pay  to  the  proper  disbursing  officer 
a  like  sum  for  said  purpose,  said  payment  being  made  on  condition  that  in  no  event 
shall  the  province  of  New  Brunswick  be  caUed  upon  for  more  than  half  the  sum  actu- 
aUy  expended  for  said  purpose. 

In  July,  1873,  information  was  received  by  the  department  from  the 
minister  of  public  works  of  the  Dominion  of  Canada  that  $25,000  had 
been  appropriated  by  Parliament — 

For  the  removal  of  slabs,  sawdust^  and  other  obstructions  in  the  Saint  Croix  River, 
which  runs  betwpen  the  Province  oi  New  Brunswick  and  the  State  of  Maine. 
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In  1873  an  accurate  survey  was  made  under  the  direction  of  Lieut 
Col.  George  Thorn,  Corps  of  Engineers,  of  this  river  firom  the  "  Ledge" 
up  to  the  toll-bridge  between  Calais  and  Saint  Stephen's,  the  head  of 
navigation,  a  distance  of  about  5  miles,  and  a  project  for  the  improve- 
ment of  this  river,  with  an  estimate  of  its  cost,  was  submitted  to  both 
governments. 

On  referring  to  the  estimate  submitted  to  the  department  in  the  rejwrt 
on  this  survey,  dated  March  25, 1874,  it  is  seen  that  about  235,000  cubic 
yards  of  slabs,  edgings,  &c.,  would  have  to  be  excavated  in  order  to 
obtain  a  channel  200  feet  wide  and  9  feet  deep  at  mean  low- water  f  giving 
29  feet  at  mean  high- water)  up  to  Todd's  Ledge,  and  100  feet  wide  with 
same  depth,  thence  up  to  the  toll-bridge,  the  estimated  cost  of  which 
now  is  8150,000. 

As  these  deposits  in  the  channel  have  been  caused  solely  by  the  saw- 
mills at  Calais,  Saint  Stephen's,  and  above,  and  as  there  does  not  appear 
to  be  any  law  or  authority  strong  enough  to  prevent  the  continuance  of 
this  evil,  it  has  been  decided  by  the  two  governments  (see  correspond- 
ence accompanying  Lieutenant-Colonel  Thom's  annual  report  for  the 
fiscal  year  ending  June  30,  1874)  to  suspend  this  improvement  until 
they  shall  become  satisfied  that  there  will  be  no  more  deposition  of  the 
"waste"  from  the  saw-mills  above,  as  otherwise  there  is  no  guarantee 
that  the  river,  if  now  improved,  would  remain  in  a  state  of  efficiency, 
but  would  probably  be  closed  again  and  require  ftuiher  expenditure. 

The  attention  of  Congress  is  again  respectfully  asked  to  this  matter, 
and  to  the  necessity  of  some  general  law  to  protect  from  injury'  and  ob- 
structions all  navigable  wat/Crs  under  the  control  of  the  United  States, 
and  for  the  improvement  of  which  Congress  has  already  made,  or  may 
hereafter  see  fit  to  make,  appropriations. 

This  river,  throughout  its  whole  extent,  forms  a  part  of  the  iutematioual  boundary', 
and  that  portion  orit  for  which  improvements  are  projected  lies  within  the  coUection- 
district  ojf  Passamaquoddy,  the  nearest  port  of  entry  heing  at  Calais,  Me. 

The  light-house  nearest  thereto  is  at  Dochet's  Island,  in  the  Saint  Croix  River,  about 
8  miles  below  Calais,  and  the  nearest  fort  is  Fort  Sullivan,  at  Eastport,  Me.,  about  30 
miles  below  Calais. 

The  following  information  in  regard  to  the  revenue  and  commerce  of 
the  port  of  Calais,  for  the  year  ending  December  31,  1877,  has  been  fur- 
nished by  the  United  States  deputy  collector  of  customs,  viz : 

Amount  of  revenue  collected,  ^10,614.  Vessels  arrived,  925  coastwise  and  52  foreien. 
Vessels  cleared,  921  coastwise  and  59  foreign.  Vessels  built,  1  ship,  1  bark,  and  1 
schoonerj  aggregating  2,324.90  tons.  Vessels  owned  in  Calais,  85,  aggregating  11,584 
tons.     River  open  to  navigation  282  days. 

Money  statement 

July  1,  1877,  amount  available $34,000  00 

July  1,  1878,  amount  available 34,000  00 


A  2. 

IMPROVEMENT  OP  PENOBSCOT  RIVER,  MAINE. 

Tlie  work  that  lias  been  projected  for  the  improvement  of  this  river 
consists — 

1.  In  straightening,  deepening,  and  widening  its  channel  through  the 
several  shoa^  and  bars  at  Bangor,  and  below  for  a  distance  of  3^  miles, 


Digitized  by  VjOOQIC 


APPENDIX  A.  191 

80  as  to  have  a  width  of  not  less  thau  200  feet,  and  a  depth  of  not  less 
than  11  feet  at  low- water  (or  25  feet  at  high-water)  in  the  loweat  stages, 
giving  about  14  feet  of  water  at  low-water  in  its  ordinary  stages. 

2.  In  breaking  up  and  removing  all  the  sunken  ledges  and  bowlders 
in  the  harbor  of  Bangor,  outside  the  main  channel,  down  to  the  level  of 
the  general  bed  of  the  river,  including  Independence  Eock,  Gulliver's 
Rock,  the  ledge  near  steamboat  wharf,  and  those  near  Dole's  wharf. 
Green's  Pier  and  Green's  Pier  Ledge,  and  a  ledge  outside  of  it,  also  the 
bowlders  and  ledges  in  ih>nt  of  the  wharves  at  High  Head. 

The  following  appropriations  have  been  made  by  Congress,  to  date,  for 
the  improvement  of  this  river,  viz : 

Bv  act  approvedJiilv  11, 1870 J15,000  0() 

Bv  act  approvwl  March  3,  1871 50, 000  00 

By  act  approvwlJiuie  10,  1872 40,000  00 

Bv  act  approved  March  3,  1873 20,000  00 

By  act  approvtMiJune  23,  1874 20,000  00 

By  act  approved  March  3, 1875,  which  provides  that  $10,000  of  this  amount 
shall  be  exi>ended  at  or  near  Backsport  Narrows,  for  which  no  project  or 

estimate  has  been  made 25,000  00 

By  act  approved  August  14, 1876,  which  provides  that  $4,000  of  tlie  amount 

sbaU  be  expended  at  or  near  "The  Narrows"  of  said  river  at  Bucksport.       10,  000  00 
By  act  approved  June  18,  1878,  which  provides  that  $2,500,  or  so  mucli 
thereof  as  may  be  necessary,  shaU  be  expended  at  or  near  the  Narrows 
in  said  river  at  Bucksport 12,000  00 

Total 192,000  00 

Of  which  amount  $16,500  is  charcoablo  to  improvements  at  or  near  Buck8i)ort  Nar- 
rows (not  estimatetl  for),  leaving  oni^*  $175,500  available  for  the  improvement  of  the  river 
at  and  near  Bangor  (above  Hampden),  for  which  estimates  have  been  submitted 
amounting  to  $184, (XW,  leaving  still  necessiiry  to  be  appropriated  for  completing  all  the 
works  projecteid  for  tlie  improvement  of  this  river  at  and  near  Bangor,  $8,500. 

Of  the  total  amount  appropriated  as  above  (to  wit,  $192,000),  there 
had  been  exi>ended  on  the  Ist  of  July,  1877 — 

For  improving  the  river  at  and  near  Bangor $1J?7, 715  70 

And  at  and  near  Bucksport,  the  sum  of 10,  000  00 

Leading  then  available  for  improvements  at  and  near  Bangor  the  sum  of. .  18, 2'*4  30 
And  at  and  near  Bucksport  the  sum  of 4,000  00 

The  progress  made  in  the  improvement  of  this  river  up  to  the  1st  of 
July,  1878,  is  as  follows : 

I. — ^AT  AND  NEAR  BANGOE. 

1.  Dredging. — ^Under  the  several  contracts  made  for  dredging  at  and 
near  Bangor  (as  8i)e€ifled  in  last  annual  report),  amounting  in  the  aggre- 
gate to  105,2;54  cubic  yards,  all  but  18,000  cubic  yards  had  been  com- 
pleted at  the  close  of  the  fiscal  year  ending  June  30,  1877.  This  dredg- 
ing was  completed  on  the  26th  day  of  September,  1877,  by  Mr.  Augustus 
R.  Wright,  under  his  unfinished  contract  of  May  13, 1875,  making  a  total 
of  39,224  cubic  yards  of  dredging  done  by  him  under  that  contract. 

By  these  operations  a  safe  and  direct  channel  has  been  opened  firom 
"  The  Narrows,''  below  Bangor,  up  to  "  The  toll-bridge,"  a  distance  of 
about  3J  miles,  having  a  width  of  not  less  than  200  feet,  and  a  depth  of 
not  less  than  11  feet  at  low  tide  in  the  lowest  known  stages  of  the  river, 
or  about  14  feet  at  low  tide  in  its  ordinary  summer  stages  (when  the 
average  rise  and  fall  of  the  tide  is  about  13  feet),  with  the  exception  of 
tlie  small  outcroppings  of  ledge  about  2  feet  shoal,  situated  about  mid- 
way of  the  new  channel  at  Bangor,  at  its  western  edge,  the  removal  of 
which  (in  part)  is  now  in  progress,  imder  contract. 

2.  Beinoval  of  sunken  rocks. — Independence  liock  and  Gulliver's  Eock, 
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and  the  ledges  near  steamboat  wharf,  and  those  near  Dole's  wharf,  and 
near  (outside)  Green's  pier,  Green's  pier  and  the  ledge  upon  which  it 
rested,  aggregating  more  than  2,000  cubic  yards,  had  all  been  entirely 
broken  up  and  removed  on  the  1st  of  July,  1877. 

In  the  dredging  operations  of  1876  and  1876  numerous  sunken  ledges 
were  discovered  in  and  near  the  new  channel  at  Bangor,  requiring  alto- 
gether the  breaking  up  and  removal  of  about  220  cubic  yards  of  ledge, 
in  order  to  obtain  the  projected  depth  of  11  feet  at  low  water  in  the  Io^jd- 
est  stages  of  the  river,  the  estimated  cost  of  which  was  ^12,000.  Under 
the  appropriation  of  $6,000  made  for  this  work  by  act  of  August  14, 

1876,  a  contract  was  ma!de  May  29, 1877^  with  Mr.  Gardner  Floyd,  of 
Portland,  Me.,  for  the  removal  of  140  cubic  yards,  more  or  less,  of  this 
sunken  ledge,  at  $39.75  per  cubic  yard,  measured  in  its  bed  aoove  the 
11-foot  plane.    He  commenced  operations  in  the  latter  part  of  June, 

1877,  and  continued  them  until  the  latter  part  of  October,  when,  owing 
to  the  freshet  in  the  river,  and  the  consequent  disturbed  condition  of 
the  water,  he  was  obliged  to  suspend  work  for  the  winter,  during  which 
period  he  had  broken  up  and  removed  about  70  cubic  yards  of  ledge 
under  his  contract.    This  work  was  resumed  by  him  on  the  20th  of  June, 

1878,  It  is  probable  that  he  will  complete  his  contract  before  the  end 
of  the  present  working  season. 

During  the  past  year  surveys  have  been  made  with  a  view  to  the  im- 
provement of  the  harbor  in  front  of  High  Head  wharves  and  at  the 
mouth  of  Kenduskeag  stream ;  and,  on  the  12th  of  January,  1878,  a  re- 
l)ort  on  the  survey  at  High  Head  was  made  to  the  department,  with  an 
estimate  and  drawing  of  the  projected  improvement  at  that  place,  a 
copy  of  which  is  hereto  attached,  marked  A. 

The  follo^\ing  is  an  amended  estimate  of  the  cost  of  the  work  that 
remains  to  be  done  for  completing  the  improvement  of  this  river  as  now 
projected,  to  wit : 

1.  Breaking  up  and  removing  sunken  ledge  in  new  channel  at  Bangor,  not 

yet  contracted  for,  including  contingencies,  say f6, 000  00 

2.  Deepening  channel  in  front  of  High  Head  wharves,  as  per  estimate  in 
accompanying  report 12,000  00 

Total 18,000  00 

Amount  now  available  for  the  above 12,000  00 

Additional  amount  required  for  completing  aU  the  work  now  projected  for 
improving  the  harbor  of  Bangor 6,000  00 

n.— AT  AND  NEAR  BUCKSPOBT  NARROWS. 

By  the  act  of  March  3, 1875,  making  an  appropriation  of  $25,000  for 
the  improvement  of  Penobscot  River,  it  was  provided  that  $10,000  of  it 
should  be  expended  "  at  or  near  Bucksport  Narrows,"  18  miles  below 
Bangor.  This  appropriation  was  applied  to  the  partial  removal  of  the 
shoal  known  as  the  Middle  Groimd,  in  front  of  the  town  of  Bucksport 
This  shoal  had,  in  some  places,  but  4  feet  of  water  at  mean  low- water, 
and  was  a  serious  obstruction  to  navigation.  Under  a  contract  made 
July  16, 1875,  with  Messrs.  Curtis,  Fobes  &  Co.,  of  Portland,  Me.,  the 
lowest  of  two  bidders,  the  upper  portion  of  this  shoal  was  removed  in 
1875  to  a  depth  of  12  feet  at  mean  low-water,  or  22.3  feet  at  ordinary 
high-water. 

Under  the  act  of  August  14,  1876,  by  which  an  additional  sum  of 
$4,000  was  to  be  applied  to  the  improvement  of  the  river  "  at  or  near 
the  Narrows"  at  Bucksport,  a  contract  dated  June  1, 1877,  was  made 
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with  Mr.  Augnstiis  E.  Wright  for  12,000  cubic  yards,  more  or  less,  of 
dredgiog  on  the  remainiug  part  of  the  Middle  Groiiud,  so  as  to  have  a 
depth  of  not  less  than  8  feet  at  mean  low- water,  the  work  to  be  com- 
pleted not  later  than  the  30th  day  of  November,  1877.  This  contract 
was  completed  on  the  31st  of  October,  1877,  with  11,024  cubic  yards  of 
dredging,  making  a  total  of  72,934  cubic  yards  of  dredging  under  both 
contracts. 

The  following  information  in  regard  to  the  revenue  and  commerce  of 
the  port  of  Bangor,  for  the  year  ending  December  31,  1877,  has  been 
famished  by  the  United  States  collector  of  customs  at  that  place,  viz : 

Amoont  of  reTenne  coUected.  $4,244 ;  value  of  importB,  $9,772 ;  value  of  exports, 
$296,796.  Number  of  arrivalB  (foreign  and  domestic),  about  2,000  vessels.  Departures 
the  same,  of  which  46  arrived  from  foreign  ports,  and  120  cleared  for  foreign  ports ;  sdl 
others  coastwise.    Number  of  vessels  buflt,  6 ;  aggregate  tonnage,  2,463.16. 

Money  statement 

July  1,  1877,  amount  available $22,284  30 

Amount  appropriated  by  act  approved  June  18,  1878 12, 000  00 

$34,284  30 

July  1,  1878,  amount  expended  during  fiscal  year 18,  786  57 

July  1,  1878,  outstanding  liabilities 477  00 

19,  263  57 

July  1,  1878,  amount  avaUable 15,  020  73 

Amount  (estimated)  reauired  for  completion  of  existing  project 6, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1880 .        6,  000  00 


special  bepobt  on  the  improvement  near  high  head  wharves, 
in  the  harbor  at  bangor,  maine. 

United  States  Engineer's  Office, 

Portlandy  Me.,  January  12,  1878. 

General  :  In  compliance  with  the  wishes  of  some  of  the  citizens  of 
Bangor,  Me.,  who  are  most  interested  in  the  conunerce  of  that  city,  I 
have  made  an  investigation  as  to  the  practicability  and  cost  of  improv- 
ing the  harbor  near  High  Head  wharves,  so  as  to  make  it  available  and 
safe  for  vessels  of  the  Ingest  class  (drawing  about  21  feet^  loaded)  which 
now  frequent  that  port  for  freighting  lumber.  &c.,  to  foreign  ports. 

High  Head  wharves  are  at  the  lower  end  of  the  harlx)r,  about  one 
mile  below  the  toll-bridge.  This  is  the  only  part  of  the  harbor  where 
vessels  of  the  largest  class,  above  referred  to.  can  float  at  low-water,  and 
which  is  used  for  such  trade — ^the  depth  of  tne  channel  being  about  18 
feet  at  low- water  in  the  lowest  known  stages  of  the  river,  or  about  21 
feet  at  low-water  in  its  ordinary  summer  s&ges;  the  ordinary  rise  and 
fall  of  the  tide  being  13  feet.  These  wharves  extend  into  the  river  as 
far  afi  the  established  harbor-lines,  and  have  a  depth  immediately  in  front 
of  them  ranging  from  3  feet  at  their  upper  end  (at  the  point  marked 
"a'')  to  18  feet  at  the  lower  end  (at  the  point  marked  "d^'),  at  extreme 
low-water,  as  shown  on  the  accompanying  drawing;*  the  upper  part 
being  shoaled  chiefly  by  outcroppings  of  ledge  and  the  lower  part  by 
gravel  and  occasional  bowlders. 

To  make  this  part  of  the  harbor  available  and  safe  for  vessels  of  the 

*  Drawing  on  file  in  office  of  the  Chief  of  Engineers,  U.  S.  A. 
13  E 


Digitized  by  VjOOQIC 


194  BEPOET   OP  THE   CHIEF   OP  ENGINEERS. 

largest  class  would  require,  as  ascertained  from  a  very  accurate  survey 
recently  made — 

215  cubic  yards  of  rock-excavation,  at  an  estimated  cost  of. $8, 600 

About  1,450  cubic  yards  of  dred^g  (gravel  and  bowlders),  at  an  estimated 

cost  of 2,175 

Adding  for  contingencies,  say 1,225 

Total  cost 12,000 

This  would  increase  the  depth  in  front  of  the  harbor-lines  so  as  to  give, 
in  the  ordinary  stages  of  the  river — 

1.  From  the  upper  end  of  the  wharf  at  *'a"  down  to  "b"  (a  distance  of  275  feet), 
12  feet  at  low  water; 

2.  Thence  to  i>oint  marked  "c"  (an  additional  distance  of  150  feet),  15  feet  at  low 
water;  and 

3.  Thence  to  the  lower  comer  at  "d"  (an  additional  distance  of  375  feet),  21  feet  at 
low  water. 

These  depths  might  possibly  be  3  feet  less  when  the  river  is  in  its  verj- 
lowest  stages,  which  would  be  of  very  rare  occurrence. 

This,  in  my  opinion,  is  a  much-needed  improvement,  and  in  view  of 
the  comparatively  small  cost  of  the  work,  as  above  estimated,  it  is  re- 
spectfully recommended  that  it  be  taken  in  hand  at  as  early  a  day  as 
practicable;  for  which  puri)ose  an  appropriation  of  $12,000  will  be  re- 
quired in  addition  to  the  sum  of  $6,000  asked  for  in  my  last  annual 
rei)ort  for  completing  the  removal  of  the  sunken  ledges  about  midway 
of  the  new  channel  at  Bangor,  making  a  total  of  $18,000. 
Very  respectfiilly,  your  obedient  servant, 

Geo.  Thom, 
Lieutenant- Colonel  of  Engineers j  Brevet  Brig.  Oen.y  U.  S.  A, 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


A3. 

IMPROVEMENT  OF  BELFAST  HARBOR,  MAINE. 

This  harbor  is  situated  in  the  northwest  part  of  Penobscot  Bay,  and 
is  well  protected  from  all  winds  except  those  from  the  southeast.  To 
render  it  safe  from  those  winds,  a  breakwater  would  be  required,  aiul 
for  this  work  a  plan  and  estimate  were  submitted  by  Lieutenant-Colonel 
Thom,  in  his  report  of  December  9, 1875,  upon  the  survey  made  by  liiiu 
with  a  view  to  the  improvement  of  Belfast  Bay  and  Ilarbor,  which 
report  is  f(mnd  in  his  annual  report  for  the  year  ending  June  30, 1876. 

The  harbor  is  also  obstructed  by  a  shoal  on  its  west  side,  extending 
from  McCxilvery's  ship-yard  up  to  Lane's  wharf,  a  distance  of  about  five- 
eighths  of  a  mile.  This  shoal  lies  in  front  of  the  Boston,  Portland  ami 
Bangor  steamboat- wharves,  and  in  places  has  but  6  feet  of  water  over  it 
at  mean  low-water,  while  tlie  commence  of  this  city  requires  a  depth  of 
12  feet  at  mean  low- water,  to  enable  the  steamers  aud  other  vessels  that 
frequent  it«  harbor  to  enter  and  lie  there  in  all  stages  of  the  tide. 

Under  the  appropriation  of  $5,0(K)  made  by  act  of  August  14,  187G, 
for  the  imi)rovement  of  this  harbor,  a  contract  was  made  with  Mr.  James 
M.  Andrews,  of  Biddeford,  Me.,  for  the  removal  of  the  outer  portion  of 
the  shoal  in  front  of  Lane's  Avharf  to  the  projected  depth  of  7  feet  at 
mean  low-water,  which  was  completed  by  him  in  November  last. 

So  that  the  work  that  now  remains  to  be  done  for  completing  tlie 
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improvement  of  this  harbor  by  the  removal  of  its  shoals  to  the  projected 
depth  of  12  feet  at  meau  low- water  consists  of — 

115,000  cubic  yards  of  dredging  of  soft  mud)  the  estimated  cost  ofwhich, 

at  20  cents  per  cubic  yard,  is $23,000  00 

And  4,000  cubic  yanls  of  hard  dredging,  at  $1  per  cubic  yard 4,  000  00 

Adding  for  contingencies 3,  000  00 

Total  additional  amount  required  for  completing  this  improvement      30,  000  00 

By  act  of  Congress  approved  June  18,  1878,  there  has  been  api>ropriated 

for  this  work  the  sum  of 12,000  00 

So  that  there  is  now  required  for  its  completion  the  additional  sum  of 18,  000  00 

The  following  information  in  regard  to  the  commerce  and  revenue  of 
the  port  of  Belfast,  for  the  year  ending  December  31,  1877,  has  been 
fumishetl  by  the  United  States  collector  of  customs  at  that  jH)Tt : 

Amount  of  revenue  collected,  83,385.74 ;  value  of  exports,  |7,655.20 ;  value  of  im- 
ports, $4,077.25 ;  arrivals  of  vessels  from  foreign  ports,  18 ;  arrivals  of  vessels  coast- 
wise, 1,035 ;  departure  of  vessels  for  foreign  ports,  22 ;  departure  of  vessels  coastwise, 
1,055  ;  iiimiber  of  vessels  built  in  the  district,  9 ;  aggregate  tonnage  of  same,  4,829.08. 

The  bu8ine8.s  of  the  year  ending  December  31,  1877,  Ih  much  less  than  the  average 
for  the  past  ten  years.  The  importing  business  has  been  in  a  great  part  suspended, 
and  sliip-building  also. 

The  barl)or  of  Belfast  is  within  the  coUeetion-district  of  Belfast. 

The  light-houses  nearest  ther«»to  are  on  Dice's  Head,  near  Castine,  and  on  Fort  Point, 
both  al>out  10  luiles  from  Belfast ;  and  the  nearest  fort  is  Fort  Knox,  opposite  Bucks- 
port,  about  18  miles  from  Belfast. 

Money  statement 

July  1,  X877,  amount  available $4,991  00 

Amount  appropriated  by  act  approved  June  18,  1878 12,  000  00 

f  16,  991  00 

July  1,  1878,  amount  expended  during  fiscal  year 4,  959  04 

July  1,  1878,  amount  available 12,031  96 

Amount  (estimated)  required  for  completion  of  existing  projects 18,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       18, 000  00 


A  4. 

IMPROVEMENT  OF  KENIST^.BEC  RIVER,  MAINE. 

The  following  appropriations  have  been  made  by  Congress  for  the 
improvement  of  this  river,  viz : 

By  act  approved  June  23,  1866 $20,000  00 

Bv  act  approved  March  2,  1867 30,000  00 

Allotted  under  act  approved  April  10, 1869 15,000  00 

Bv  act  approved  July  11,  1870 15,000  00 

By  act  approved  March  3,  1871  15,000  00 

By  act  approved  June  10,  1872 8,000  00 

By  act  approved  March  3,  1873 12,000  00 

Bv  act  approved  June  23,  1874 12,  UOO  00 

By  act  approved  March  3,  1875 , 15,000  00 

Total 142,000  00 

All  the  improvements  prqjected  for  this  river  above  Kichmond,  Me., 
were  completed  prior  to  June  30. 1874,  as  described  in  Lieut.  Col.  George 
Thorn's  annual  report  for  the  fiscal  year  ending  that  date,  whereby  a 
safe  and  unobstructed  channel  not  less  than  1(K)  feet  in  width,  and  10 
feet  in  depth  at  mean  low-water  or  15 J  feet  at  mean  high- water  in  its 
low  summer  stages^  had  been  completed  from  Eichmond  up  to  Gardiner, 
a  distance  of  H  niiles;  and  thence  to  Augusta,  a  distance  of  6  miles,  a 
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channel  100  feet  in  width  and  not  less  than  6J  feet  in  depth  at  low-water, 
or  11  feet  at  high-water,  in  its  lowest  sximmer  stages.  This  improve- 
ment included  tiie  removal  of  a  very  dangerous  ledge,  known  as  Ne- 
humkeg  Eock  (between  Richmond  and  Gardiner),  to  a  depth  of  12  feet 
below  mean  low- water;  and  on  the  30th  of  June,  1876,  all  the  projected 
improvements  below  Eichmond  (including  the  removal  of  "Half  Tide 
Rock''  and  three  other  sunken  ledges  from  "The  Narrows'')  were  com- 
pleted, with  the  exception  of  the  removal  of  Dry  Rock  in  "The  Kar- 
rows." 

On  the  6th  of  May,  1875,  a  contract  was  made  with  Mr.  Isaac  Hamil- 
ton, of  Portland,  Me^  the  lowest  of  five  bidders,  for  removing  Dry  Rock 
(containing  about  l,v75  cubic  yards,)  at  $15  per  cubic  yard,  as  measured 
in  its  bed,  so  as  to  have  over  it  a  depth  of  12  feet  at  mean  low-water. 
Work  was  commenced  under  this  contract  on  the  2d  of  June,  1875, 
and  was  continued  up  to  the  20th  of  November,  1875  (when  it  was 
suspended  on  account  of  freshets  and  ice),  and  again  resumed  on  the 
2d  of  June,  1876,  and  continued  up  to  the  8th  of  November,  1876,  when 
about  1,100  cubic  yards  had  been  removed.  It  was  then  again  sus- 
pended for  the  winter  on  account  of  freshets  and  ice,  and  was  resumed 
on  the  30th  of  May,  1877.  Up  to  July  1, 1877,  about  1,230  cubic  yards 
were  removed  to  the  required  depth,  leaving  only  545  cubic  yards  to  be 
removed.    This  work  was  completed  on  the  12th  of  September,  1877. 

All  the  work  projected  for  the  improvement  of  this  river  has  been 
completed,  so  that  no  ftirther  appropriations  will  be  needed  therefor. 

These  improvements,  as  above  described,  are  located  in  the  collection-district  of 
Bath,  Me.,  m  which  Bath  (30  miles  below  Aijpista)  is  the  only  port  of  entry. 

Fort  Popham  is  at  the  month  of  Kennebec  River,  about  45  miles  below  Augusta,  and 
the  United  States  ^'Kennebec  Arsenal"  is  located  at  Augusta. 

Seguin  and  Pond  Island  light-houses  are  near  the  mouth  of  Kennebec  River. 

The  following  information  in  regard  to  the  commerce  and  revenue  of 
the  i)ort  of  Bath  for  the  year  ending  December  31, 1877,  has  been  fur- 
nished by  the  United  States  collector  of  customs  at  that  port : 

Amount  of  revenue  collected $19, 090  03 

Value  of  exports 130,765  00 

Value  of  imports 81,018  00 

Number.     Tonfi. 

Coastwise  arrivals 1,429    291,186 

Coastwise  departures 1,433    311,058 

Foreign  arrivals 22        9, 495 

Foreign  clearances .' 25        6,  688 

Number  of  vessels  built  in  the  district 4H 

Aggregate  tonnage  of  same 32, 688 

Money  statement 

July  1,  1877,  amount  available $9,  489  56 

July  1,  1878,  amount  expended  during  fiscal  year 9,  489  56 


As- 

IMPROVEMENT  AT  THE  ''GUT"  OPPOSITE  BATH,  MAINE. 

The  following  appropriations  have  been  made  by  Congress  for  improv- 
ing the  navigation  of  this  place^  viz : 

By  act  approved  July  11,  1870 $10,000  00 

By  act  approved  March  3,  1871 6,500  00 

By  act  approved  June  18,  1878 17,  GOO  00 

Total 33,500  00 
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The  work  projected  to  be  done  with  the  appropriations  made  in  1870 
and  1871^  as  above,  was  completed  in  1872,  and  consisted  of  the  following, 
viz: 

1.  The  removal  of  Boiler  Eock  to  a  depth  of  10  feet  at  mean  low- water, 
or  16^  feet  at  mean  high-water. 

2.  The  removal  to  a  depth  of  9  feet  at  mean  low- water  of  the  ledge 
extending  fix)m  Boiler  Bock  northward  toward  the  shore. 

3.  The  removal  of  two  wrecks  of  vessels  lying  in  mid-channel  above 
and  near  Upper  Hell  Gate. 

4.  Dredging  a  channel  through  the  bar  next  above  Upper  Hell  Gate 
to  a  width  of  100  feet  and  a  depth  of  10  feet  at  mean  low-water,  or  16^ 
feet  at  mean  high-water. 

5.  The  breaking  up  and  removal  of  points  of  ledge  which  projected 
into  the  river  from  its  southern  shore  at  the  Upper  Hell  Gate  (amount- 
ing altogether  to  about  1,000  cubic  yards),  whereby  the  water-way  was 
increased  from  a  width  of  about  100  to  about  150  feet. 

By  these  operations  the  channel  at  the  Upx)er  Hell  Qnte  was  deep- 
ened and  straightened,  and  the  current  much  diminished  in  velocity. 

The  additional  work  that  is  now  projected  to  be  done  under  the  ajipro- 
priation  of  June  18,  1878,  consists  of  the  following  (as  stated  in  my 
spcMcial  report  to  the  department,  dated  February  21,  1878,  a  copy  of 
which  is  hereto  attached),  viz: 

1.  For  dredginff  shoal  above  Upper  HeU  Gate  to  a  depth  of  12  feet  at  mean 
low-water,  20,000  cubic  yards,  at  30  cents  per  cubic  yard ^y  000  00 

2.  Widening  the  passage  through  Upper  HeU  Gate  by  1,000  cubic  yards  of 

ledge  excavation,  at  $i  per  cubic  yard 4,  000  00 

3.  Breaking  np  and  removing  160  cubic  yards  of  sunken  ledge  from  the 
channel  on  the  north  and  east  side  of  Marsh  Island,  at  935  per  cubic 

yard 5,600  00 

For  engineering  expenses  and  other  contingencies,  say 1,  400  00 

Total 17,000  00 

This  work,  it  is  believed,  can  be  accomplished  with  the  amount  last 
appropriated,  so  that  no  ftirther  appropriation  is  deemed  necessary  for 
the  improvement  of  this  place. 

The  locality  of  the  proposed  improvement  is  in  the  collection-district  of  Bath,  Me. 
Bath  is  the  only  port  of  entry  in  the  collection-district,  and  is  distant  from  the  Upper 
Hell  Gate  about  3  miles.  The  nearest  light-houses  are  Seguin  and  Pond  Island,  near 
the  mouth  of  Kennebec  River,  and  the  nearest  fort  is  Fort  Popham,  at  the  mouth  of 
Kennebec  Biver,  distant  about  15  miles. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $17,  000  00 

July  1,  1878,  amount  available 17,000  00 


8PECIAI.  BEPOET  ON  IMPEOVEMENT  AT  THE  "OUT''  OPPOSITE  BATH, 

MAINE. 

United  States  Engineer  Office, 

Portland,  Me.,  February  21,  1878. 
General:  I  have  the  honor  to  acknoT^ledge  the  receipt  of  depart- 
ment letter  of  the  15th  instant,  furnishing  for  my  information  and  a 
report  the  resolution  of  the  House  of  Eepresentatives,  of  February  13, 
1878,  calling  upon  the  honorable  Secretary  of  War  for  "information  as 
to  the  necessity  of  further  improvement  to  the  ^  Gut'  opposite  Bath,  Me., 
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and  the  amount  of  appropriation  required  for  that  purpose,  said  locality 
having  heretofore  been  sui-veyed,^  and,  in  compliance  therewith,  to 
report  as  follows : 

"The  Gut,"  so  called,  is  a  part  of  Back  River,  which  is  a  tidal  river 
about  9  miles  in  length  connecting  the  Kennebec  River  at  Bath,  Me., 
with  the  tidal  waters  of  the  Sheepscot  River  to  the  eastward  of  it.  It  is 
navigable  for  small  steamers  and  other  vessels  of  light  draught,  and 
affords  a  short  communication  between  the  Kennebec  River  and  the 
towns  of  Westi)ort,  Wiscasset,  Boothbay,  Southport,  and  other  places 
on  and  near  the  waters  of  the  Sheepscot.  At  "  the  Gut ''  (or  more  com- 
monly called  the  "Upper  Hell  Gate"),  which  is  about  two  miles  distant 
from  the  city  of  Bath,  the  navigation  of  this  river  has  already  been  very 
much  improved  in  its  most  difficult  places  under  appropriations  made 
therefor,  by  Congress,  in  1870  and  1871,  amounting  to  $16,500.  On  re- 
ferring to  my  annual  report  of  1873,  it  will  be  seen  that  these  appropri- 
ations have  been  applied  to — 

1.  The  breaking  up  and  removal  of  BoOer  Rock  (a  large  and  ver>'  dan- 
gerous rock  in  mid-channel  at  the  Upper  Hell  Gate),  so  as  to  have  a  depth 
of.  10  feet  at  mean  low-water,  or  16^  feet  at  mean  high-water. 

2.  The  breaking  up  and  removal  of  a  ledge  between  Boiler  Rock  and 
the  north  shore,  to  a  depth  of  9  feet  at  mean  low- water. 

3.  The  removal  of  two  wrecks  of  vessels  lying  in  mid-channel  above 
and  near  Upper  Hell  Gate. 

4.  Dredging  a  channel  through  the  bar  next  above  Upi)er  Hell  Gate 
to  a  width  of  100  feet,  and  a  depth  of  10  feet,  at  mean  low- water,  or  IGJ^ 
feet  at  ordinary  high-water. 

5.  The  breaking  up  and  removal  of  points  of  ledge  which  projected 
into  the  river  jfrom  its  southern  shore  at  the  Upper  Hell  Gate,  whereby 
its  water-way  has  been  much  increased,  and  the  velocity  of  the  currents 
much  diminished.  This  work  was  completed  in  1872 ;  and  the  improve- 
ments have  benefited  the  commerce  and  navigation  of  this  river  to  such 
an  extent,  and  have  given  such  an  imi)etus  thereto,  that  those  who  are 
interested  therein  are  now  very  desirous  of  having  more  work  done 
for  its  further  improvement,  as  follows,  xiz :  1st,  to  have  the  shoal  next 
above  Upper  Hell  Gate  excavated  to  a  depth  of  12  feet  at  mean  low- 
water  ;  2d,  to  have  the  passage  through  Upper  Hell  Gate  oi>ened  to  a 
still  greater  width  so  a«  to  diminish  the  velocity  of  the  current ;  and, 
3d,  to  have  some  i)rojecting  points  of  ledges  and  sunken  rocks  belovk^ 
Boiler  liock  broken  up  and  removed  so  as  to  render  safe  and  i)ractiea- 
ble  the  direct  channel  on  the  northward  and  eastward  of  Marsh  Island 
and  thei-eby  avoid  the  present  crooked  channel  south  of  the  island. 

In  the  absence  of  special  surveys  to  ascertain  w^ith  great  accursvcy 
the  extent  and  probable  cost  of  this  additional  work  for  the  further  im- 
provement of  this  river  at  the  Gut  (so  called)  opposite  Bath,  IVIe.,  the 
following  approximate  estimate  of  cost  is  submitted,  viz : 

1.  For  (IrtHlging  Hhoal  above  Up]>er  Hell  G«ate  to  a  depth  of  12  feet  at  mean 

low-water,  20,000  cubic  yartls,  at  30  cents  per  cubic  yard f6,  000  00 

2.  Widening  the  passage  through  Upper  Hell  Gate,  1,000  cubic  yards  of  ledge 

excavation,  at  $4  i>er  cubic  yard 4,  000  00 

3.  Breaking  up  and  removing  160  cubic  yards  of  sunken  ledge  from  the 

channel  on  the  north  and  east  side  of  Marsh  Island,  at  (35 5,  600  00 

4.  For  engineering  expenses  and  other  contingencies,  say 1,  400  00 

Total 17,000  00 

On  making  inquiry  of  those  who  are  best  infonned  in  re/2:ard  to  the 
nature  and  extent  of  the  navif?ation  and  commerce  of  this  river  and.  to 
what  extent  the  public  interests  would  be  benefited  by  the  further  iiu- 


Digitized  by  VjOOQIC 


APPENDIX   A.  199 

provement  of  the  river  as  proposed,  the  following  information  has  been 
received,  viz :  "  Tliis  is  the  i)rineipal  ronte  of  travel  to  and  from  the 
towns  of  South  Bristol,  Boothbay,  Southport,  WeHtport,  and  George- 
town. The  growtli  of  the  oil  and  fishing  business  lias  added  largely, 
during  the  past  ten  years,  to  the  popidation  and  business  of  these 
towns,  more  especially  to  Bristol  and  Boothbay ;  and  the  latter  place  is 
now  extensively  resorted  to  by  pleasure  travelers  in  the  summer  sea- 
son. The  Eiistern  Steamboat  Company  ha.s  for  several  years  run  a  line 
of  hosits  between  Bath  and  Boothbay,  running  two  steamers  daily  dur- 
ing the  summer  season,  and  one  daily  for  the  rest  of  the  year.  Their 
business  amounts  to  20,000  to  22,000  passengers  eiich  season,  and  the 
principal  mail  goes  by  them.  During  the  summer  months  a  steamer 
runs  from  Augusta  to  Boothbay  by  this  route.  €oiusting- vessels  bound 
east  from  the  Kennebec,  if  not  of  too  large  size,  use  this  i>as8age,  as  it 
lessens  the  distance  very  materially.  All  the  traffic  between  the  to\\Tis 
on  the  Kennebec  and  those  mentioned  above,  which  is  veiy  considera- 
ble, goes  by  this  route. 

The  large  luml^er  mills  at  Wiscasset  and  Westport  are  supphed  ^ath 
logs  from  the  Keimebec,  which  all  go  through  Hell  Gate  passage  by 
means  of  tug-boats. 

Verj'  respectfully,  your  obedient  servant, 

Geo.  Thom, 
Lieut  CoL  of  Engineers^  Bvt.  Brig.  Oen.,  U,  8.  A. 

Brig.  Gen.  A.  A.  HiT]WpnREYS, 

Chief  of  Engineers  J  U.  8.  A. 


A  6. 

MPROVEMENT  OF  PORTLAND  HARBOR,  MAINE. 

Under  appropriations  amounting  to  $61,336,  made  by  acts  of  Congress 
in  the  years  1836, 1837,  and  1838,  for  the  improvement  of  this  harbor,  a 
stone  breakwater  was  built  on  Stanford's  Ledge  for  a  length  of  1,763 
feet,  of  wliich  1,030  feet  only  was  capped  and  completed. 

For  completing  this  breakwater  and  all  the  other  projected  improve- 
ment of  this  harbor,  the  tbllowing  additional  appropriations  have  since 
been  made,  viz : 

By  act  approved  June  23,  1S66 $105,111  05 

Bv  act  approredJulv  11, 1870 10,000  00 

Bv  ac-t  approved  March  :i,  1871 40,000  00 

Bv  act.  approved  June  10,  1872 45,  (KK)  00 

Bv  act  approved  March  3,  1873 50,  (XK)  00 

By  act  approved  June  23,  1874 20,000  00 

By  act  approved  March  3,  1875 20,000  00 

Total 290,111  05 

Of  which  there  has  been  expended  up  to  July  1,  1878,  the  sum  of 248, 202  67 

Leaving  available  the  sum  of 41,908  38 

Under  the  appropriations  made  from  180G-75,  the  following  additional 
work  lias  been  done  to  date,  for  the  improvement  of  this  harbor,  viz : 

1.  The  breakwater  has  been  extended  for  a  length  of  217  feet,  and  a 
^^nite  pier  25  feet  in  diameter  built  at  its  outer  extremity,  and  950 
linear  feet  of  capping  placed  uyyon  the  breakwater  in  completion  of  same. 
Thii«  breakwater  has  now  a  total  length  (including  its  terminal  pier)  of 
2,005  feet. 
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2.  A  channel  has  been  dredged  through  the  Middle  Ground  Bar  to  a 
width  of  500  feet,  and  to  a  depth  of  21  to  22  feet  at  mean  low-water,  or 
31  feet  at  ordinaiy  high- water. 

3.  A  channel  has  been  dredged  through  the  "spit^  in  front  of  the 
Grand  Tliink  Railway  wharves  to  a  width  of  100  feet  at  its  inner  end  and 
200  feet  at  its  outer  end,  and  to  a  depth  of  20  feet  at  mean  low-water. 

4.  A  channel  has  been  dredged  in  Back  Bay  from  Tukey's  bridge  up 
to  the  "Stone-shed  wharves"  to  a  width  of  100  feet  and  a  depth  of  8 
feet  at  mean  low-water. 

5.  A  sunken  wreck  has  been  removed  from  the  main  ship-channel 
between  Forts  Preble  and  Scammel. 

6.  The  foundation  of  the  oldest  portion  of  the  breakwater  has  been 
repaired  throughout  its  whole  extent  where  necessary. 

7.  All  the  projected  dredging  in  front  of  the  Grand  Trunk  Bailway 
wharves  has  been  completed  to  a  depth  of  20  feet  at  mean  low-water, 
and  all  that  in  front  of  the  harbor  commissioners'  line  from  Atlantic 
Wharf  up  to  Merrill's  wharf  to  a  depth  of  about  16  feet  at  mean  low- 
water. 

8.  The  dock  at  Custom-house  Wharf  ha«  been  deepened  by  2,932  cubic 
yards  of  dredging,  the  same  having  been  authorized  by  the  department 
upon  the  request  of  the  honorable  Secretary  of  the  Treasury. 

The  total  quantity  of  dredging  thus  far  done  for  the  improvement  of 
this  harbor  amounts  to  370,024  cubic  yards. 

AU  the  work  that  has  been  projected  for  the  improvement  of  this  har- 
bor has  been  completed,  with  the  exception  of  about  100,000  cubic  yards 
of  dredging  outside  the  harbor  commissioners'  line  above  Merrill's  wharf, 
for  the  completion  of  which  the  funds  now  available  are  suflftcient,  so  that 
no  firrther  appropriation  is  needed  for  this  harbor. 

In  regard  to  the  dredging  that  remains  to  be  done  above  Merrill's 
wharf  outside  the  harbor  commissioners'  line,  it  has  been  decided  to 
defer  the  work  until  Brown's,  Boston  and  Maine  (formerly  Smith's), 
Hobson's,  and  other  wharves  which  project  beyond  the  harbor  commis- 
sioners' line,  shall  have  been  cut  off  up  to  that  line,  for  the  reason  that 
this  work  of  improving  the  harbor  in  front  of  that  line  was  initiated  and 
recommended,  and  aU  the  appropriations  made  therefor  in  1873, 1874,  and 
1875,  aggregating  $90,000,  have  been  asked  for,  with  the  understanding 
that  those  projecting  wharves  should  first  be  removed  in  order  to  make 
the  contemplated  improvement  effective  and  lasting ;  for  so  long  as  those 
wharves  are  permitted  to  project  outside  the  harbor  commissioners'  line, 
so  long  win  the  eddies  and  shoals  continue  to  exist  above  and  below 
those  wharves. 

The  above  described  works  are  situated  in  the  coUection  district  of  Portland  and 
Falmouth,  Me. 

The  following  information  in  regard  to  the  commerce  and  revenue  of 
the  port  of  Portland  and  Falmouth  for  the  year  ending  December  31, 
1877,  has  been  furnished  by  the  United  States  collector  of  customs  at 
that  port : 

Amount  of  revenue  coUected |386, 130  55 

Value  of  imports 12, 795, 039  00 

Value  of  exports 14,978,328  00 

Kmnber.       Tone.  Crew. 

Coastwise  arrivals 742       635, 403        13, 361 

Coastwise  clearances 635        597,651        12, 427 

Foreign  arrivals 402        179,327  4,952 

Foreign  clearance* 302        220,243  5,819 

Number  of  vessels  built  in  tbe  district 9 

Aggregate  tonnage  of  same 6,368 
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Money  statement 

luring  fiscal  year. ... 
Jnlyl,  1978,  amount  available 41,908  38 


July  1,  1877,  amount  available $42,930  10 

July  1,  1878,  amount  expended  during  fiscal  year 1, 021  72 


A  7. 
IMPROVEMENT  AT  RICHMOND'S  ISLAND,  MAINE. 

This  work  consists  in  making  a  harbor  of  refiige  by  means  of  a  stone 
breakwater  connecting  the  island  with  the  mainland,  the  length  of  the 
breakwater  to  be  about  2,000  feet,  with  an  average  thickness  of  30  feet 
and  a  height  of  13  feet  above  mean  low- water. 

In  my  report  to  the  department,  dated  May  10, 1867,  the  following 
estimate  of  the  cost  of  this  breakwater  was  submitted : 

68,000  tons  of  mbble-stone,  at  $1.25 $85,000  00 

Adding  10  per  cent,  for  c5ontingencie8 8,500  00 

Total 93,500  00 

A  capping  for  this  work  was  not  estimated  for  on  account  of  the  great 
increase  of  cost ;  but,  as  then  stated,  should  it  hereafter  be  found  neces- 
sary, in  order  to  resist  the  action  of  the  sea,  which  is  not  probable,  it 
could  be  added. 

Tlie  following  appropriations  have  been  made  by  Congress  for  this 
work,  viz : 

By  act  approved  Jnne  10,  1872 $20,000  00 

By  act  approved  March  3, 1873 60,  000  00 

By  act  approved  March  3,  1875 15,  000  00 

By  act  approved  Jnne  18,  1878 6, 000  00 

Total 101,000  00 

Under  the  appropriations  made  in  1872-75,  five  separate  contracts 
were  made  from  time  to  time  (as  specified  in  the  annual  reports  for  the 
fiscal  year  ending  June  30, 1876)  for  furnishing  stone  for  this  breakwater, 
by  which  58,000  tons  have  been  furnished  and  placed  upon  the  work. 
With  the  appropriation  of  $6,000  made  by  act  of  June  18, 1878,  it  is 
proba^ble  that  4,000  tons  of  stone  can  be  purchased  and  placed  upon  the 
work,  so  that  to  finish  it  as  originally  projected  will  require  about  6,000 
tons  more,  the  estimated  cost  of  which,  including  contingencies,  is 
$9,00O,  thereby  making  the  total  cost  of  the  work  completed  $110,000, 
which  is  $16,500  in  excess  of  the  original  estimate.  This  excess  is  owing 
to  the  greater  cost  of  the  stone  than  was  originally  estimated,  the  quan- 
tity- bemg  the  same. 

Money  statement. 

Amount  appropriated  by  act  approved  June  18,  1878 (6, 000  00 

July  1,  187tf,  amount  available. 6,000  00 

Amoant  (estimated)  reouired  for  completion  of  existing  project 9,  000  00 

Amount  tbat  can  be  profitaby  expended  in  fiscal  year  ending  June  30, 1880  . .  9, 000  00 
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A  8. 

IMPROVEMENT  OF  KENNEBUNK  RIVER,  MAINE. 

By  an  act  of  Congress  of  1798  provision  was  made  for  keeping  in 
repair  a  i)ier  built  at  the  mouth  of  this  river  for  the  improvement  of  its 
navigation,  and  by  several  subsequent  acts,  from  1829  to  1852,  appropria- 
tions amounting  to  $44,175  were  made  for  the  further  improvement  of 
this  river  at  and  near  its  mouth. 

These  works  consisted  of — 

1.  A  stone  i)ier,  about  (WO  feet  in  length,  on  the  eastern  side  of  the 
channel  at  the  mouth  of  the  river,  with  a  light-house  (since  destroyed 
by  storms)  on  its  outer  extremity,  and  a  wooden  catch-sand,  about  160 
feet  in  length,  leading  from  the  inner  end  of  the  pier  to  the  eastern  bank 
of  the  river.  This  i>ier  and  catch-sand  served  as  a  protection  to  the 
entrance  from  easterly  storms,  as  well  as  to  prevent  the  sand  from 
being  driven  into  the  channel  above. 

2.  A  stone  pier,  about  290  feet  in  length,  on  the  western  side  of  the 
channel  at  the  mouth  of  the  river,  with  a  woo<len  catch-sand,  about  160 
feet  in  length,  leading  from  the  inner  end  of  the  pier  to  the  western 
bank  of  the  river.  This  pier  and  catch-sand  served  a  similar  purpose 
on  the  western  side  of  the  river. 

3.  A  crib-work  wharf  ballasted  with  stone,  about  300  feet  in  length, 
built  on  the  eastern  side  of  the  river,  about  one-eighth  of  a  mile  alK)ve 
its  mouth,  for  the  security  of  vessels  while  detained  by  tides  and  storms. 

Since  the  completion  of  the  above  works,  the  followmg  additional 
appropriations  have  been  made  by  act  of  Congress  for  the  improvement 
of  this  river,  viz : 

Byactof  July  11,  1870 $5,000 

By  act  of  March  3,  1871 5,000 

By  act  of  August  14,  1876 5,000 

Total 15,000 

Under  the  appropriation  of  1870,  the  catch-sand  or  wing  connecting 
the  iimer  end  of  the  pier  ^ith  the  eastern  bank  of  the  river,  which  had 
been  destroyed  by  storms,  was  replaced  by  a  permanent  stone  work, 
and  some  repairs  were  made  where  most  necessary  on  the  stone  i>ier8 
and  on  the  wharf  above. 

Under  the  approi)riation  of  1871,  the  catch-sand  or  wing  connecting 
the  inner  end  of  the  western  pier  mth  the  river  bank,  having  also  been 
destroyed  by  storms,  it  was  replaced  by  a  permanent  stone  work,  and 
additional  re])airs  were  made  on  the  piers  and  wharf. 

Under  the  ai)propriati(m  of  $5,000  made  by  act  of  August  14,  1876, 
the  following  work  has  been  done  during  the  past  fiscal  year.    This  ap- 
proi>riati(m  was  based  upon  a  project  and  estimate  for  deepening  the 
channel  of  the  river  above  the  government  wharf,  at  the  "Wacling 
Pltice"  and  at  MitchelPs  lN)int  (where  the  most  serious  obstnictions  to 
its  navigation  were  to  be  found),  so  as  to  have  a  depth  of  not  less  than 
4  feet  at  mean  low- water,  or  13  feet  at  mean  high-water.    A  contract  Avas 
made  June  7, 1877,  for  the  dredging  required  at  those  two  locations,  with 
Messrs.  George  C.  Fobes  &  C/O.,  of  Portland,  Me.,  the  lowest  bidders,  at 
50  cents  per  cubic  yard,  which  was  completed  by  them  on  the  29th  of 
September  last,  with  6,450  cubic  yards  of  dredging.    In  addition  to  this 
work,  extensive  repairs  have  been  made,  where  most  necessary,  on  tlie 
stone  piers  at  the  mouth  of  the  river  as  well  as  on  the  government  wharf. 
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An  accurate  survey  ha«  also  been  made  of  the  river  in  order  to  ascertain 
what,  if  any,  additional  work  is  necessaiy  for  the  coiui^letion  of  its  im- 
provement to  the  extent  demanded  by  the  veiy  large  amoimt  of  ship 
building  and  other  impoi*tant  business  carried  on  in  that  river.  This 
survey  shows  the  necessity  of  the  following  additional  work,  \iz : 

1.  The  breaking  up  and  removal  to  a  depth  of  4  ftn^t  at  mean  low-water 
of  the  sunken  ledges  near  the  mouth  of  Gooch  Ci*eek  (marked  A  and  B 
on  the  accompanying  drawiiig*),a8  well  as  the  sunken  ledge  below  Waixl's 
wharf  (marked  C  on  the  drawing),  aggregating  20  cubic  yards,  the 
estimated  cost  of  which,  at  $35  per  cubic  yartl,  is ^00  00 

2.  Straightening,  widening,  and  deepening  the  channel  of  the  river  by 
diedging  at  the  shoals  and  points  marked  D,  E,  F,  G,  and  H,  on  the 
accompanying  drawing,  aggregating  about  7,600  cubic  yards,  tne  esti- 
mated cost  of  which,  at  50  cents  per  cubic  j^ard,  is 3, 800  00 

3.  Rebuilding  of  portions  of  the  government  wharf,  and  of  the  stone  pier 

on  the  western  side  of  the  river  at  its  mouth,  say 800  00 

Adding  for  contingencies,  say 700  00 

Total 6,000  00 

This  river  lies  within  the  collection  district  of  Kennebunk,  of  which 
Kennebunk  is  the  port  of  entry. 

The  following  information  as  to  the  revenue  and  commerce  of  the  port 
of  Kennebimk,  Me.,  for  the  year  ending  December  31,  1877,  has  been 
furnished  by  the  United  States  collector  of  customs  at  that  place,  viz : 

Amount  of  revenue  collecte<l,  |787.18;  number  of  arrivals  and  departures  of  foreign 
and  domestic  vessels,  estimated  at  100  each.  Number  of  vessels  built,  12,  with  an 
aggregate  tonnage  of  5,882.35,  the  largest  of  which  measured  2,001.91  tons. 

Money  statement 

July  1,  1877,  amount  available |4,992  00 

July  1,  1878,  amount  expended  during  fiscal  year 4,992  00 

Amount  (estimated)  required  for  completion  of  existing  project 6,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  6,  000  00 


Ag. 

IMPROVEMENT  OF  COCHECO  RIVER,  NEW  HAMPSHIRE. 

Cocheco  River  runs  through  the  city  of  Dover,  N.  H.,  and  3  miles  be- 
low to  the  lowest  bridge.  It  unites  with  the  Salmon  Falls  River,  and 
forms  the  Piscataqua  River,  fiom  w^hich  point  down  to  its  outlet  into 
Portsmouth  Harbor,  New  Hampshire,  a  distance  of  about  9  miles,  the 
Piscataqua  River  separates  the  States  of  Maine  and  New  Hampsliire. 

The  Piscataqua  and  Cocheco  Rivers  are  navigable,  in  their  lowest 
siunmer  stages,  with  not  less  than  6  feet  of  water  at  mean  low- water,  or 
about  13  feet  at  mean  high-water,  from  Portsmouth  Harbor  up  to  the 
foot  of  the  Lower  Narrows  in  Cocheco  River,  distant  about  IJ  miles  be- 
low the  lowest  bridge  at  Dover.  At  the  Lower  Narrows  and  above,  navi- 
gation has  been  much  impeded  by  ledges,  bowlders,  and  shoals,  having 
from  6  inches  to  2  feet  only  of  w^ater  on  them  at  mean  low-water,  the 
average  rise  and  faU  of  the  tides  being  about  7  feet  at  tlje  Lower  Nar- 
rows. 

The  original  project  for  the  improvement  of  this  river,  based  on  an 
examination  made  in  1870,  consisted  of  making  a  channel  not  less 
than  40  feet  in  width  and  4  feet  in  depth,  at  mean  low-water,  from  the 

^Drawing  forwarded  on  separate  roU. 
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foot  of  the  Lower  ^NTarrows  up  to  Collins's  wharf  (at  the  head  of  the  Up- 
per iNTarrows),  the  estimated  cost  of  which  was  $45,000,  as  shown  in  the 
annual  report  of  1871.  More  accurate  and  extended  surveys,  since 
made,  have  shown  the  practicability  and  importance  of  extending  this 
improvement  up  to  the  Packet  Landing,  the  total  estimate  of  which,  as 
now  amended,  is  $85,000. 

The  following  appropriations  have  been  made  by  Congress  for  the 
improvement  of  this  river,  as  now  projected,  viz: 

By  act  approved  March  3,  1871 110,000  00 

By  act  approved  June  10,  1872 10,000  00 

By  act  approved  March  3,  1873 10,000  00 

By  act  approved  June  23,  1874 10,000  00 

By  act  approved  March  3,  1875 25,  000  00 

By  act  approved  August  14,  1876 14, 000  00 

By  act  approved  June  18,  1878 6,000  00 

Total 85,000  00 

Under  the  several  appropriations  made  from  1871  to  1875,  inclusive, 
contracts  have  been  made  from  time  to  time,  as  stated  in  the  last  annual 
report,  whereby  the  following  work  has  been  done  up  to  this  date,  viz : 

1.  A  channel  has  been  opened  through  the  ledge  at  the  Upper  Nar- 
rows for  a  length  of  430  feet  and  to  a  width  of  40  feet  and  a  depth  of  4 
feet  at  mean  low-water,  or  about  11  feet  at  ordinary  high-water,  requir- 
ing about  1,255  cubic  yards  of  rock  excavation. 

2.  A  channel  has  been  opened  through  the  ledge  next  above  the 
Upper  Narrows  for  a  length  of  260  feet  and  to  a  width  of  40  feet  and  a 
depth  of  4  feet  at  mean  low- water,  requiring  1,108  cubic  yards  of  exca- 
vation of  ledge,  bowlders,  clay,  &c. 

3.  The  channel  at  and  near  the  Lower  Narrows  has  been  nearly  com- 
pleted by  the  removal  of  about  600  cubic  yards  of  sunken  ledge  and 
bowlders ;  and  numerous  scattered  bowlders  which  were  dangerous  ob- 
structions to  navigation  at  Trickey's  Shoal,  Clements  Point  Shoal,  and 
elsewhere,  have  been  broken  up  and  removed. 

4.  The  channel  has  been  opened  by  dredging  through  the  shoals  that 
existed  between  the  Upper  Narrows  and  Packet  Landing,  requiring 
7,108  cubic  yards  of  dredging. 

Under  the  appropriation  of  $14,000,  made  by  the  river  and  harbor  act  of 
August  14, 1876,  the  following  additional  work  has  been  done  during 
the  past  fiscal  year,  viz : 

A  contract  was  made  June  12,  1877,  with  the  Atlantic  Dredging  Com- 
pany, of  Brooklyn,  N.  Y.,  the  lowest  of  three  bidders,  for  the  dredging 
near  the  Packet  Landing,  at  49  cents  per  cubic  yard,  as  measured  in  its 
bed,  and  for  the  dredging  at  Clement's  Point  Shoal  and  below,  at  97 
cents  per  cubic  yard,  as  measured  in  the  scows,  and  operations  were 
commenced  at  once  by  this  company  and  continued  until  satisfactorily 
completed  on  the  23d  of  November  last  by  12,371  cubic  yards  of  dredg- 
ing. 

Under  this  contract  all  the  projected  dredging  above  the  Upper  Nar- 
rows has  been  completed,  as  well  as  at  Clement's  Point  Shoal  and  below, 
including  a  basin  which  has  been  excavated  near  Packet  Landing  for 
a  length  of  about  800  feet  and  an  average  width  of  140  feet  to  a  depth, 
of  4  to  5  feet  at  mean  low- water  (or  about  11  feet  at  mean  high- water) 
in  the  lowest  summer  stage  of  the  river.  This  basin  famishes  the  neces- 
sary room  for  the  greatly  increased  commerce  of  this  river,  as  well  as 
for  the  prospective  additional  trade,  for  which  new  wharf  facilities  have 
recently  been  built. 

Submarine  work  has  also  been  carried  on  during  the  past  year  for 
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the  removal  of  sunken  ledges  and  bowlders  at  and  near  Clement's  Point 
Shoal,  Trickey's  Shoal,  the  Upper  and  Lower  iN'arrows,  and  at  Dover 
Point,  resulting  in  the  breaking  up  and  removal,  altogether,  of  about 
300  cubic  yards  of  sunken  rock.  This  work  was  completed  in  August 
last 

By  the  operations  of  the  past  year,  all  the  work  hitherto  projected  for 
the  improvement  of  this  river  has  been  completed,  with  the  eX:ception 
of  the  excavation  of  the  channel  through  the  sunken  rocks  at  Gulf  Shoal 
next  below  the  Upper  iN'arrows,  for  which  the  fiinds  now  available  wiU 
probably  be  sufficient. 

Money  statement. 

July  1,  1877,  amonnt  available 111,228  08 

Amount  appropriated  by  act  approved  June  18,  1878 6,  000  00 

$17,228  08 

July  1,  1878,  amount  expended  during  fiscal  year 10, 332  25 

July  1,  1878,  amount  available 6,895  83 


A  zo. 

IMPKOVEMENT  OF  MERRIMAC  RIVEE,  INCLUDING  THE  HARBOR  OF  NEW- 
BURYPORT,  MASSACHUSETTS. 

The  project  for  the  improvement  of  this  river  consists  in  deepening 
its  shoals  by  dredging  and  the  removal  of  sunken  rocks  from  its  channel, 
so  that  it  shall  have  a  depth  of  12  feet  at  ordinary  high-water  from  its 
mouth  in  Newburyport  Harbor^  Massachusetts,  up  to  Haverhill  (a  dis- 
tance of  15  miles),  and  thence  lor  a  distance  of  about  4  miles  up  through 
"the  falls,''  a  depth  of  4  feet  in  the  ordinary  stages  of  the  river;  and 
that  for  the  improvement  of  Newburyport  Harbor,  in  the  removal  of 
North  and  South  Oangeway  Rocks  to  a  depth  of  9  feet  at  mean  low- 
water,  the  removal  of  "The  Boilers"  (sunken  rocks  near  the  city  wharves) 
to  a  depth  of  5  feet  at  mean  low-water,  and  the  removal  of  a  sunken 
wreck. 

The  total  estimated  cost  of  all  the  work  necessary  for  these  improve- 
ments was  $147,000,  as  specified  in  Lieutenant-Colonel  Tliom's  last 
annual  report,  for  which  the  following  appropriations  have  been  made 
by  Congress,  viz: 

By  act  of  July  11,  1870,  for  the  hnproyement  of  Merrimac  River,  Massa- 

chnsettis $25,000  00 

By  act  of  March  3,  1871,  for  improveinent  of  Merrimac  River,  above  Hav- 

erhiU,Maa8 25,000  00 

By  act  of  June  10,  1872,  for  improvement  of  Merrimac  River,  above  Hav- 

erhiU,  Mass 25,000  00 

By  act  of  March  3,  1873,  for  improvement  of  Merrimac  River,  Massachu- 

§ett8 25,000  00 

By  act  of  Jane  23, 1874,  for  continuing  the  improvement  of  Merrimac  River, 

Hamachusetts 10,000  00 

By  act  of  March  3,  1875,  for  improvement  of  Merrimac  River,  Maesachu- 

setta 12,000  00 

By  act  of  June  18,  1878,  for  improving  Merrimac  River,  Massachusetts, 

below  MitcheU's  FaUs 10,000  00 

Total 132,000  00 

Of  which  amount  there  had  been  expended  up  to  July  1, 1878,  for  improv- 
ing this  river  and  harbor  the  sum  of 121,819  90 

Leaving  then  available  the  sum  of 10,180  10 
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The  following  work  lias  been  done  to  date,  viz : 

1. — ^FOR  THE  IXPROVEMBNT  OF  THE  RIVER  ABOVE  NEWBXTRYPORT. 

The  channel  completed  at  Hazeltine  Rapids,  Lower  Falls,  and  Upper 
Falls  (above  Haverhill,  Mass.),  so  as  to  be  navigable  through  "the  faUs" 
for  a  depth  of  4  feet,  in  all  stages  of  the  river,  except  in  an  unusually  low 
stage,  resulting  from  shutting  off  the  water  at  the  Lawrence  Mills  on 
Sundays  and  at  night.  Shoals  dredged  and  sunken  bowlders  removed 
from  the  channel  at  and  near  Rock's  Bridge  (6J  miles  below  Haverhill), 
including  Little  Currier  Rock  above  and  Petty  Rock  below  the  bridge, 
greatly  improving  this  the  most  dangerous  part  of  the  river  below  Hav- 
erhill; the  channel  has  been  opened  by  dredging,  for  a  width  of  100  feet, 
to  the  projected  depth,  viz,  12  feet  at  ordinary  high-water,  at  Currier's 
Shoal  (distant  about  5  miles  below  Haverhill) ;  also  to  the  same  depth, 
and  for  a  width  of  75  feet,  at  the  shoals  near  the  head  and  foot  of  Silsby's 
Island,  from  1  to  2  miles  below  Haverhill.  The  shoal  between  the  two 
bridges  at  Haverhill  has  also  been  improved  by  dredging  so  as  to  have 
a  channel  10  feet  in  depth  at  ordinary  high-water,  and  numerous  large 
bowlders  have  been  removed  from  the  channel  at  and  near  "the  falls" 
above  Haverhill. 

During  the  past  fiscal  year  about  80  tons  of  bowlders  have  been  re- 
moved from  the  channel  near  the  head  of  Silsby's  Island,  whereby  it  has 
been  much  imx^roved. 

2.— FOR  THE  IMPR0VE:VIENT  OF  NEWBURYPORT  HARBOR. 

Tlie  main  (south)  Gangeway  Rock  broken  up  and  removed  to  a  depth 
of  9  feet  at  mean  low- water,  and  a  commencement  made  upon  the  re- 
moval of  North  Gangeway  Rock,  and  the  wreck  of  the  schooner  Globe 
also  broken  up  and  removed,  leaving  yet  to  be  done  the  removal  of 
North  Gangeway  Rock  and  '*The  Boilers." 

The  following  is  the  estimated  cost  of  the  completion  of  the  work  now 
projected  for  the  improvement  of  Newburj^port  Harbor,  to  wit: 

1.  Completing  the  removal  of  North  Gangeway  Rock  to  a  dex)th  of  9  feet 

below  mean  low  water,  say  360  cubic  yards,  at  1^0  per  cubic  yard $14, 400  00 

2.  For  breaking  uj)  and  removing  "The  Boilers"  to  a  depth  of  5  feet  at 

mean  low  water,  say  352  cubic  yards,  at  $25  i)er  cubic  yard 8, 800  00 

Adding  for  contingencies,  say 1,800  00 

Total 25,000  00 

The  following  information  in  regard  to  the  revenue  and  commerce  of 
the  port  of  Newburyport,  Mass.,  for  the  year  ending  December  31, 1877, 
has  been  furnished  by  the  United  States  collector  of  customs  at  that 
place,  viz : 

Amount  of  revenue  collex»ted $97,132  39 

Value  of  exports 35^  175  73 

Value  of  imimrts 3C5,  506  30 

NumlM»r  of  vessels  entered  from  foreign  ports 29 

Number  of  vesmils  cleared  for  foreign  port« 26 

Number  of  vessels  entt^red  from  domestic  ports 592 

Number  of  vessels  cleared  for  dome-stic  ports 496 

Number  of  vessels  built 5 

Aggregate  tonnage  of  same 3,983.05 
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Money  statement. 

July  1,  1877,  amoniit  available $1*251  10 

Amount  appropriated  by  act  approved  June  18,  1878 10,  000  00 

$11,25110 

July  1,  1878,  amount  expended  during  ftscal  year 1,  071  00 

July  1,  1878,  amount  available 10,180  10 

Amount  (estimated)  requiretl  for  completion  of  existing  project 15,  000  00 

Amount  that  can  be  profitably  expended  in  iiscal  year  ending  June  30, 1880 .  15,  000  00 


A  zz. 

IMPROVEMENT  OF  BOSTON  HARBOR,  MASSACHUSETTS. 

The  several  works  proje<5ted  and  commenced  prior  to  1860  for  tlie  im- 
provement of  Boston  Harbor  consisted  of  the  sea-walls  on  Deer  Island, 
Bainsford  Island,  LovelPs  Island,  and  Great  Brewster  Island.  The  three 
on  Deer  Island  were  bnilt  under  appropriations  made  therefor  in  1823 
to  1832-  and  were,  for  the  most  part,  rebnilt  in  18(>4-'()1);  that  on  liains- 
ford  Island  was  built  under  the  appropriations  made  therefor  in  18.*56 
and  1838;  that  on  the  north  head  of  Lovell's  Island  was  built  in  1843, 
and  that  on  the  southeast  bluft'  in  1868-'09;  and  that  on  Great  Brewster 
Island  was  commenced  in  1849  and  comi)leted  in  1809. 

It  appears,  on  referring  to  the  annual  reports  from  1800  to  1870,  and 
to  other  records,  that  uj)  to  1870  there  had  been  expended  for  the  sea- 
wall on  Iliiinsford  Island  the  sum  of  $22,353,  and  for  those  upon  Deer 
and  Lovell's  Islands  tlie  sum  of  about  $322,000,  and  for  that  on  Great 
Brewster  Island  the  sum  of  $2()9,0(M). 

The  sea-walls  on  Deer,  Lovell's,  and  Great  Brewster  Islands  were  under 
the  charge  of  Col.  H.  W.  Benham  from  March,  1800,  to  March,  1873, 
when  they  were  transferred  to  the  charge  of  Lieut.  Col.  George  Thom, 
Corps  of  Engineers. 

In  1800  new  works  for  the  farther  improvement  of  this  harbor  were 
projected  by  the  Board  of  Harbor  Conmiissioners  of  the  State  of  Massa- 
chusetts,  for  which  they  submitted  the  following  estimate,  to  wit: 

For  the  improvement  of  the  channel  a<}roe8  the  Upper  Middle  Bar  hj  dredg- 
ing a  channel  23  feet  deep  at  mean  low-water,  and  1,000  feet  wide,  at  a 
total  estimated  cost  of $157,085  00 

For  the  improvement  of  the  channel  at  the  Narrows  by  dredging  off  the 
southwest  point  of  LovelVs  Island  and  the  extremity  of  Great  Brewster 
8pit,  HO  as  to  widen  the  channel  to  685  feet  at  23  feet  depth  of  w^ater,  at 
a  total  estimated  cost  of 188,  805  00 

For  the  improvement  of  the  channel  at  the  Narrows  by  blasting  of  Tower 

Kock  and  Corwin  Kock,  at  an  estimated  cost  of ." 20, 000  00 

For  the  preservation  of  the  north  head  of  Long  Island  by  the  construe- 
tion  of  a  sea-wall,  at  an  cwtimated  cost  of 150,  000  00 

For  the  preservation  of  the  north  end  of  Gallop's  Island,  by  the  construc- 
tion of  a  sea-waU,  at  an  estimated  cost  of... 103,585  63 

For  the  preservation  of  Point  Alerton,  by  the  construction  of  a  sea-wall, 
at  an  estimated  cost  of 70,991  87 

Total 690,467  50 

An  appropriation  based  upon  these  estimates  having  been  made  by 
Congress  in  March^  1867,  the  late  Lieut,  ('ol.  Jolm  G.  Foster,  ( 'Ori)s  of 
Engineers,  was  assigned  to  the  charge  of  those  works  in  May,  18()7,  and 
they  continued  under  his  charge  luitil  May,  1871,  when  they  were  trans- 
ferred to  Lieut.  Col.  George  Thom,  Cori)s  of  Engineers. 
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For  the  several  works  projectfed  as  above  in  1866,  the  following  ap- 
propriations have  been  made  by  Congress  to  date,  viz: 

By  act  of  March  2,  1867  (of  which  |75,000  was  allotted  to  the  sea-wallfl 

on  Deer,  Lovell's,  and  Great  Brewster  Islands) f375, 000  00 

Under  act  of  July  25,  1868  (of  which  $10,000  was  allotted  to  the  sea- 
wall on  Great  Brewster  Island)  43,000  00 

Under  act  of  April  10,  1869 83,000  00 

By  act  of  July  11,  1870 100,  000  00 

By  act  of  March  3,  1871 100,000  00 

By  act  of  June  2,  1872 '... .  75, 000  00 

By  act  of  March  3,  1873 150,000  00 

By  act  of  June  23,  1874 100,000  00 

By  act  of  March  3,  1875,  for  the  improvement  of  Boston  Harbor,  Mas- 
sachusetts, $100,000,  providing  that  of  said  amount  $10,000  be  ex- 
pended for  the  improvement  of  Hingham  Harbor,  Massachusetts  ....  90, 000  00 

By  act  of  August  14,  1876 50,000  00 

By  act  of  June  18,  1878 56, 000  00 

Total 1,221,000  00 

Of  which  amount  there  has  been  applied  to  sea-walls  on  Deer,  Lovell's, 
and  Great  Brewster,  Islands,  as  above •  85,000  00 

The  following  is  a  brief  history  of  each  of  the  works,  completed  and 
uncompleted,  that  have  hitherto  been  projected  for  the  improvement  of 
this  harbor  (including  works  both  prior  and  subsequent  to  those  pro- 
jected as  above  stated,  in  1866),  viz: 

1. — SEA-WALL   FOE   THE   PEOTECTION  AND   PEESEEVATION   OF   POINT 

ALBEETON. 

Work  was  commenced  on  this  wall  in  September,  1870,  and  was  com- 
pleted in  May,  1874.  It  was  built  for  the  most  part  under  four  separate 
contracts  with  Mr.  James  M.  Andrews,  of  Biddeford,  Me.,  made,  respect- 
ively, May  24, 1870;  July  26, 1871;  August  24, 1872;  and  May,  8,  1873. 

The  total  length  of  this  sea-wall,  completed,  is  1,202  feet. 

In  addition  to  this  sea-wall  there  have  been  built  since  July,  1873,  for 
the  protection  of  its  concrete  foundation  where  most  exposed  to  injury 
by  storms  and  currents,  1,005  linear  feet  of  granite  apron,  and  8  jetties, 
in  which  have  been  placed  1,776  tons  of  granite  grout.  This  apron  has 
an  average  width  of  10  feet  and  a  height  of  2  to  3  feet.  It  extends  all 
along  the  4th,  5th,  6th,  7th,  and  8th  faces  ^counting  from  the  east),  and 
for  about  55  feet  along  the  1st  face,  as  well  as  along  the  western  wing- 
wall,  in  order  to  protect  its  junction  with  the  shore-crest.  The  several 
jetties  have  a  length  of  25  to  30  feet,  a  width  of  about  6  to  8  feet,  and  a 
height  of  2  to  3  feet,  and  they  are  placed,  one  at  each  of  the  4tii,  5th, 
6th.  7th,  and  8th  angles,  one  each  at  the  middle  of  the  1st  and  7th  faces, 
ana  at  the  easterly  wing- wall. 

This  sea-wall  is  in  excellent  condition,  and  requires  but  very  few  re- 
pairs; and  the  riprap  apron-work  has  fully  answered  the  purpose  for 
which  it  was  intended. 

2. — SEA-WALL  FOE  THE  PEOTECTION  AND   PEESEEVATION   OF  OEEAT 

BEEWSTEE  ISLAND. 

This  sea-wall  is  2,800  feet  in  length,  and  was  built  for  the  protection 
and  preservation  of  the  north  and  south  heads  of  the  island.  It  was 
commenced  in  1849  and  was  completed  in  1854  for  a  length  of  1,360  feet. 
Its  extension  was  commenced  in  1864  and  completed  in  June,  1870. 
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3,— SEA-WALLS    POB  THE  PROTECTION  AND    PBESEBTATION    OF  LOV- 

ELL'S  ISLAND. 

Two  sea-walls  have  been  bmlt  by  the  United  States  Government  on 
this  island ;  one  in  1843  for  the  protection  of  its  north  head  for  a  length 
of  803  fee£  and  the  other  in  1868-^69  for  the  protection  of  its  south- 
east bluff  for  a  length  of  about  800  feet 

For  the  protection  of  the  shore-line  south  of  the  north  head-wall,  an 
apron-work  of  large  rubble-stone  was  built  in  1873  for  a  length  of  620 
feet,  with  5  jetties  projecting  from  it,  in  which  1,095  tons  of  stone  were 
used;  and  for  the  protection  of  the  shore-line  next  to  the  southern  end 
of  the  southeastern  sea-wall  a  rubble-stone  apron  110  feet  in  length  was 
also  built  in  1873,  in  which  139  tons  of  stone  were  used.  A  recent  in- 
spection of  these  aprons  shows  that  they  have  fully  answered  the  pur- 
pose for  which  they  were  intended. 

The  sea-wall  on  the  southeast  bluff  has  been  much  damaged  during 
the  past  two  years  by  the  easterly  gales  to  which  it  is  exposed.  It  was 
built  in  4  courses,  of  2  feet  each,  on  a  concrete  foundation  and  with  con- 
crete backing,  and  its  back  jftlling  of  earth  was  covered  with  a  cohhle-stone 
paving.  It  has,  however,  become  so  much  broken  up  and  scattered,  for 
a  len^h  of  about  550  feet  of  its  southern  portion,  that  steps  have  been 
taken^  with  the  approval  of  the  department,  to  reconstruct  that  portion 
of  the  wall  and  add  two  more  courses  of  2  feet  each  to  it  and  to  otherwise 
increase  its  strength,  as  well  as  to  spread  an  apron  of  rubble-stone  in 
front  of  it  for  the  protection  of  its  foundation  and  of  the  shore,  which  has 
been  much  abraded  of  late.  The  sum  of  $15,000  has  been  appropriated 
for  this  work,  it  being  the  amount  estimated  for  its  completion.  In  re- 
sponse to  an  advertisement  inviting  proposals  for  all  the  stone  required 
for  the  work,  17  bids  were  received  and  opened  on  the  31st  of  May  last, 
an  abstract  of  which  is  hereto  attached.  Contracts  have  been  made  with 
the  lowest  responsible  bidders  for  the  same,  as  foUows,  viz : 

With  Mr.  Isaac  A.  Sylvester,  of  Quincy,  Mass.,  for  furnishing  and 
delivering  at  Lovell's  Island — 

Five  thousand  Beven  hundred  cnbic  feet,  more  or  less,  of  dimension  cnt  granite,  at 
39  cents  per  cubic  foot,  and  500  tons,  more  or  less,  of  split  granite,  for  paving,  at  $1.80 
per  ton  of  2,240  pounds. 

Also  with  the  Gape  Ann  Granite  Company,  of  Gloucester,  Mass., 
for — 

One  thousand  one  hundred  tons,  more  or  less,  of  rubble-stone,  at  59  cents  per  ton  of 
2,240  pounds. 

All  this  stone  is  to  be  furnished  and  delivered  before  the  close  of  the 
present  working  season. 

A  landing  has  been  built  on  the  south  side  of  Lovell's  Island  for  the 
purpose  of  receiving  the  stone  from  the  contractors,  and  a  railway  about 
1,000  feet  in  length  has  been  nearly  completed  leading  from  the  landing 
to  the  sea-waU.  It  is  expected  that  the  reconstruction  of  the  sea-waU 
will  be  nearly,  if  not  quite,  completed  during  the  present  working  season. 

4. — SEA-WALL    POB    THE    PROTECTION    AND  PBESEKVATION  OP   GAL- 
LOP'S ISLAND. 

This  sea-wall  is  1,785J  feet  in  length.  Work  upon  it  was  commenced 
in  1868,  under  a  contract  with  Mr.  James  Andrews,  of  Biddeford,  Me., 
and  was  carried  on  under  that  contract  until  the  end  of  April,  1871,  after 
which  it  was  continued  with  hired  labor  until  its  completion,  in  the  lat- 
ter part  of  September,  187L 
14  E 
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The  violent  storms  and  currents  to  which  this  sea-wall  is  exposed  had 
laid  bare  its  concrete  foundation  to  such  a  degree  as  to  render  necessary 
for  its  protection  and  preservation  a  rubble-stone  apron  for  nearly  ite 
whole  extent,  with  the  addition  of  jetties  in  the  most  exxK)sed  places. 
This  apron  work  was  commenced  in  August,  1873,  and  was  completed 
in  May,  1874.  It  extends  along  the  sea-wall  for  a  length  of  1,605  feet, 
being  on  its  most  exposed  faces  10  feet  in  width.  Nine  jetties  have  been 
built  at  and  near  the  angles  of  the  wall,  4  of  which  are  of  split  granite, 
bedded  in  part  in  concrete  laid  in  trencher  and  surrounded  with  a  con- 
crete apron,  each  jetty  being  18  feet  in  length  and  5  feet  in  width.  The 
quanti^  of  stone  used  in  this  apron  and  the  jetties  was  about  1,450  tons. 
A  recent  inspection  of  this  work  shows  that  it  is  in  good  condition,  and 
that  the  riprap  apron  work  and  jetties  have  fully  answered  the  purpose 
intended. 

6.— SEA-WALL    FOR    THE    PROTECTION    AND    PRESERVATION    OF    THE 
NORTH  HEAD  OF  LONG  ISLAND. 

Work  was  commenced  upon,  this  sea-wall  in  August,  1870,  and  was 
completed  in  July,  1874.  It  has  been  bmlt,  for  the  most  part,  under 
four  separate  contracts  with  Mr.  James  Andrews,  of  Biddeford.  Me., 
made,  respectively.  May  24.  1870,  July  26, 1871,  August  23, 1872,  and 
May  8, 1873.    The  length  of  this  sea-wall  is  2,081f  feet. 

In  addition  to  the  sea-wall,  there  has  been  built  for  the  protection 
and  preservation  of  its  concrete  foundation,  where  most  exposed  to  in- 
jury by  storms  and  currents,  a  rubble-stone  apron  for  a  length  of  975 
feet  in  front  of  the  wall,  together  with  10  stone  jetties.  This  apron 
averages  from  8  to  10  feet  in  width  and  from  2  to  3  feet  in  height.  The 
jetties  are  triangular  in  shape  and  project  ftx)m  12  to  20  feet  beyond  the 
apron;  about  900  tons  of  rubble-stone  was  used  for  this  work,  together 
with  a  large  quantity  of  bowlders  and  cobble-stone  found  in  its  immedi- 
ate vicinity.  This  apron  work  was  commenced  in  April,  1874,  and  com- 
pleted early  in  August,  1874. 

A  recent  inspection  of  this  sea-wall  shows  that  it  is  in  good  condition, 
and  that  the  riprap  apron  work  and  jetties  have  fully  answered  the 
purpose  intended. 

6. — SEA-WALLS  FOR  THE  PROTECTION  AND  PRESERVATION  OF   DEER 

ISLAND. 

Under  appropriations  made  by  Congress  in  1825  to  1832,  three  sea- 
walls, aggregating  3,000  feet  in  length,  were  built  for  protecting  the  three 
prominent  heads  of  this  island;  that  at  the  iN'orth  Head  being  1,740  feet 
long  and  19  J  feet  high  above  its  foundation  and  14  feet  above  ordinary 
high-water;  that  at  the  Middle  Head,  840  feet  long,  17 J  feet  high  above 
its  foundation,  and  12  feet  above  mean  high-water :  and  that  at  the 
South  Head,  420  feet  long,  14J  feet  high  above  its  loundation,  and  12 
feet  above  mean  high-water.  These  walls  were  built  of  regularly  split 
quarried  stone  with  a  partial  dressing  only,  and  laid  dry  as  headers,  the 
only  backing  being  the  clay  and  gravel  in  rear,  which,  silting  out 
through  the  open  joints,  left,  in  course  of  time,  large  cavities  at  several 
places  in  rear  of  the  walls,  resulting  in  much  damage  to  the  walls,  with 
a  probability  of  their  entire  destruction.  To  repair  the  damage  already 
done,  and  to  prevent  its  recurrence  for  the  ftiture,  the  rebuilding  of  the 
wall  on  the  North  Head  was  commenced  in  1864  by  Col.  J.  D,  Graham, 
Corps  of  Engineers,  by  which  its  several  courses,  except  the  lowest,  were 
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laid  in  mortar  and  backed  with  concrete,  and  otherwise  much  Btrength- 
ened,  for  a  length  of  about  300  feet.  This  rebuilding  was  continued 
nntil  the  latter  part  of  1869,  with  the  following  result,  as  rejwrtedby  Col. 
H.  W.  Benham,  while  in  charge  of  these  walls: 

The  rebuilding  of  the  wall  at  the  North  Head,  which  was  commenced 
in  1864,  was  continued  until  its  completion  in  August,  1869,  up  to  which 
time  1,740  linear  feet  of  wall  was  taken  up,  relaid,  and  completed  in  rear. 
Two  split-stone  jetties,  25  to  28  feet  long,  were  placed,  one  at  about  the 
middle  of  the  main  face  of  the  North  Head  and  the  other  in  a  similar 
position  at  the  Middle  Head  wall. 

The  rebuilding  of  the  wall  at  the  Middle  Head  was  commenced  in 
1866,  and  completed  in  1867  for  an  extent  of  540  feet;  all  that  then 
appeared  to  be  necessary. 

The  wall  at  the  South  Head  was  completely  rebuilt  in  a  substantial 
mamier,  comprising  about  420  running  feet,  in  the  years  1867  and  1868. 

In  his  report  for  the  fiscal  year  ending  June  30, 1872,  Colonel  Benham 
states  that  the  3  sea-walls  pertaining  to  these  bluffs  of  Deer  Island  were 
^Mn  essentially  a  good  condition,  especially  in  the  parts  that  had  been 
rebuilt ;  that  a  few  defects  are  found  by  the  falling  or  drawing  out  of 
the  foundation-stones,  even,  in  some  cases,  of  the  parts  rebuilt,  from 
their  not  having  been^  taken  up  to  the  lowest  foundation-course,  and 
from  the  great  force  of  *the  current  or  waves  along  these  foundations.'' 

In  1876  and  1877  some  repairs  were  made  on  the  wall  at  the  North 
Head,  and  an  inspection  recently  made  shows  that  no  additional  repairs 
are  ne^ed  for  the  present. 

7.— STKAIGHTENING,  WIDEinNG,  AND  BEEPENINGh  THE  MAIN  SHIP-CHAN- 
NEL AT  THE  WEST  END  OF  0BEAT  BBEWSTEB  SPIT. 

This  work  consisted  in  the  removal  by  dredging  of  the  southern  jwr- 
tion  of  this  spit^  so  as  to  obtain  a  depth  of  23  feet  at  mean  low-water  for 
a  width  of  not  less  than  600  feet,  with  proper  slopes  up  to  the  18-foot 
curve.  A  survey  of  this  locality,  made  in  August,  1872,  showed  that  the 
extreme  westerly  end  of  the  spit  had  so  far  advanced  into  the  channel 
that  the  low-water  line  was  120  feet  farther  out  than  it  was  in  1860,  and 
the  18-foot  curve  was  168  feet  from  that  of  1860. 

Under  the  appropriation  made  by  act  of  June  23, 1874,  for  the  im- 
provement of  this  harbor,  a  contract  was  made  September  3,  1873, 
with  the  Kew  England  Dredging  Company,  of  Boston,  Mass.,  the 
lowest  responsible  bidders  for  completing  this  work.  Work  was  com- 
menced under  this  contract  on  the  13th  of  October,  and  continued  until 
the  29th  of  October,  1874,  when  it  was  suspended  for  the  winter.  It  was 
resomed  on  the  11th  of  May,  1875,  the  earliest  date  practicable,  and  was 
continued  up  to  the  middle  of  August,  1875,  when  all  the  dredging 
caQed  for  under  this  contract  was  completed,  resulting  in  29,226  cubic 
yards.  Under  the  same  contract  with  the  New  England  Dredging  Com- 
pany 95J  cubic  yards  of  sunken  ledge  (laid  bare  by  dredging)  were  re- 
moved to  the  depth  of  23  feet  at  mean  low-water.  This  work  was  com- 
menced in  June,  1876,  and  completed  in  November,  1876. 

& — STBAIGHTBNlNa,  VTIDENINa,  AND  DEEPENING  THE  MAIN  SHIP-CHAN- 
NEL AT  THE  SOUTHEAST  AND  SOUTHWEST  POINTS  OP  LOVELL'S 
ISLAND* 

Tbis  work  coneiBted  of  the  removal  by  dredging  of  the  southeast  and 
southwest  potats  of  this  island,  so  as  to  give  in  <<  The  I^arrows  "  a  chan- 
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nel  600  feet  in  width  for  a  depth  of  23  feet  at  mean  low-water,  with 
proper  slopes  up  to  the  18-feet  curves.  Work  was  commenced  on  the 
southwest  i)oint  in  1867,  under  a  contract  made  with  Mr.  A.  Boschk6,  of 
Boston,  Mass.,  and  was  continued  during  that  and  the  two  following  sea- 
sons, until  suspended  for  want  of  funds.  During  this  period  207,103 
cubic  yards  of  dredging  was  done  by  him.  A  resurvey  of  this  channel 
made  in  1872  show^  that  it  had  not  changed  to  any  considerable  ex- 
tent at  its  southwest  point  since  the  close  of  the  dredging  operation  in 
1869 ;  that  the  18-feet  curve  was  very  nearly  the  same  as  then,  and  that 
the  shore  above  low- water  line  had  acquired  a  more  natural  slope  of  8  feet 
horizontal  to  1  foot  rise  by  the  receding  inland  of  the  high- water  line,  but 
that  the  flats  of  the  southeast  point  of  this  island  had  advanced  so  much  . 
toward  the  main  channel  as  to  materially  impede  and  endanger  navi- 
gation. 

Under  the  appropriation  made  by  act  of  June  23, 1874,  for  the  im- 
provement of  Boston  Harbor,  a  contract  was  made,  September  8, 1874, 
with  Messrs.  Boynton  Brothers,  of  Boston,  Mass.,  tlie  lowest  responsi- 
ble bidders,  for  doing  the  work  projected  for  the  improvement  at  the 
southeast  point  of  this  island,  by  30,000  cubic  yards,  more  or  less,  of 
dredging,  at  38  cents  per  cubic  yard,  as  measured  in  the  scows.  Work 
under  this  contract  was  commenced  on  the  7th  of  October  and  continued 
until  the  17th  of  December,  1874,  when  it  was  suspended  for  the  winter.- 
It  was  resumed  on  the  11th  of  May,  1875,  the  earliest  date  practicable, 
and  was  completed  September  22, 1875,  31,058  cubic  yards  having  been 
dredged  under  this  contract. 

For  completing  the  projected  improvement  at  and  near  the  southwest 
I)oint  of  Lovell's  Island,  which  was  suspended  in  1869,  about  30,000 
cubic  yards  of  dredging  was  required,  for  which  a  contract  was  made, 
June  2, 1877,  with  the  New  England  Dredging  Company,  of  Boston. 
Mass.,  the  lowest  of  8  bidders,  at  24  cents  per  cubic  yard,  as  measured 
in  the  scows.  This  work  was  commenced  on  the  19th  of  J  une,  and  was 
satisfactorily  completed  on  the  27th  of  September,  1877,  by  29,133^ 
cubic  yards  of  dredging. 

9.— STEAiaHTENING,    WIDENma,    AND    DEEPENING    THE    MAIN     SHIP- 
CHANNEL  AT  THE  TJPPEE  MIDDLE  BAB. 

The  work  projected  for  the  improvement  of  this  bar  consists  in  open- 
ing through  it  a  channel  of  600  feet  in  width,  to  a  depth  of  23  feet  at 
mean  low- water,  through  a  total  distance  of  about  4,400  feet,  the  prin- 
cipal difficulties  being  in  a  space  about  2,200  feet  in  length,  in  which  the 
depth  to  be  increased  varied  from  1  to  7  feet.  Under  a  contract  made 
September  24,  1870^  with  Emory  E.  Seward,  Albany,  K.  Y.,  dredging 
was  carried  on  at  this  place  until  the  1st  of  June,  1871,  at  which  time 
26,120  cubic  yards  had  been  excavated  under  that  contract,  by  which 
one  cut,  about  1,800  feet  in  length,  was  partially  opened  to  a  width  of  40 
feet,  and  to  a  depth  varying  from  20  to  23  feet  at  mean  low-water. 

Under  the  appropriation  made  by  act  of  March  3, 1871,  a  new  con- 
tract was  made,  July  29, 1871,  with  Mr.  E.  G.  Packard,  of  Brooklyn,  N. 
Y.,  which  was  completed  June  29, 1872,  by  20,305  cubic  yards  of  dredg- 
ing, making  to  that  date  an  aggregate  of  46,425  cubic  yards  of  dredg- 
ing. By  tMs  work,  one  cut,  about  1,800  feet  in  length,  wa8  opened  to  a 
width  of  40  feet,  to  a  f uU  depth  of  23  feet  at  mean  low- water,  and  a  sec- 
ond cut  of  the  same  width  and  depth,  for  a  length  of  1,040  feet,  includ- 
ing the  removal  of  a  very  large  bowlder  discovered  in  1872  in  the  main 
ship-channel,  with  but  16J  feet  of  water  upon  it  at  mean  low- water. 
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Under  the  appropriation  of  March  3, 1873,  a  contract  was  made,  March 
5,  1874,  with  the  Atlantic  Dredging  Company,  of  Brooklyn,  N.  Y.,  for 
75,000  cubic  yards,  more  or  less,  of  dredging,  at  64  cents  i)er  cubic  yard, 
as  measured  in  the  scows,  and  at  $35  per  cubic  yard  for  excavation  of 
ledge  and  of  bowld^s  exceeding  6  tons  in  weight.  Oi)eration8  were 
commenced  in  April,  1874,  and  were  continued  up  to  the  14th  of  Decem- 
ber of  that  year,  when  they  were  susi)ended  for  the  winter. 

On  the  26th  of  May,  1875,  they  were  resumed,  and  continued  up  to 
the  17th  of  December  of  that  year.  They  were  again  resumed  on  the 
3d  of  May,  1876,  and  were  continued  up  to  the  11th  of  July,  1876,  at 
which  time  90,860  cubic  yards  had  been  dredged  under  and  in  comple- 
tion of  this  contract. 

Under  the  appropriation  made  by  act  of  June  23, 1874,  for  continuing 
the  improvement  of  this  harbor,  a  contract  was  made,  September  1, 1874, 
with  the  Harbor  Improvement  Company,  of  Boston,  Mass.,  for  42,000 
cubic  yards  of  additional  dredging-on  the  bar,  at  85  cent*  i)er  cubic  yard, 
as  measured  in  the  scows.  Dredging  was  commenced  under  this  con- 
tract on  the  3d  of  October,  and  continued  until  the  14th  of  December, 
when  it  was  suspended  for  the  winter.  It  was  resumed  on  the  8th  of 
May,  1875,  and  continued  up  to  the  17th  of  December,  1875,  at  which 
time  42,843J  cubic  yards  had  been  dredged  under  this  contract.  There 
then  remained  to  he  done,  for  the  completion  of  this  contract,  the  exca- 
vation of  37  cubic  yards  of  ledge,  which  was  completed  on  the  26th  of 
August,  1876. 

Under  the  appropriation  made  for  this  harbor  by  act  of  March  3, 1875, 
a  contract  was  made.  May  19, 1875,  with  Messrs.  Curtis,  Fobes  &  Com- 
pany, of  Portland,  Me.,  for  90,000  cubic  yards,  more  or  less,  of  additional 
dredging  on  this  bar  and  the  shoals  below  it,  at  75  cents  per  cubic  yard, 
BS  measured  in  the  scows,  including  bowlders  not  exceeding  6  tons  in 
weight.  Operations  were  commenced  under  this  contract  May  9, 1876, 
and  were  completed  on  the  16th  of  November,  1876,  resulting  in  88,150 
cubic  yards  of  dredging. 

The" total  quantity  of  dredging,  therefore,  that  has  been  done  to  date, 
under  the  several  contracts  named,  amounts  to  268,278J  cubic  yards, 
whereby  a  channel  has  been  ojiened  for  a  width  of  600  feet^  and  a  depth 
of  23  feet  at  mean  low-water,  through  the  whole  of  the  Upper  Middle 
Bar,  in  length  about  4,400  feet. 

During  the  dredging  ox)erations  of  1876  at  the  Upper  Middle  Bar,  a 
sunken  ledge  was  laid  bare  covering  an  area  of  227  square  yards  which 
was  shoal  from  0  to  3  feet,  requiring  the  breaking  up  and  removal  of  81 J 
cubic  yards  of  ledge  above  the  23-feet  plane.  On  the  4th  of  June,  1877, 
a  contract  was  made  with  Mr.  George  W.  Townsend,  of  Boston,  Mass.. 
the  lowest  of  two  bidders,  for  the  removal  of  this  ledge  to  the  required 
grade,  at  $65  per  cubic  yard^  measured  in  its  bed.  He  commenced 
this  work  on  the  8th  of  April  last,  and  up  to  the  close  of  the  fiscal 
year  had  broken  up  and  removed  50  cubic  yards,  leaving  31J  cubic  yards 
of  it  yet  to  be  removed,  which  will  probably  be  complete!  by  the  end 
of  July,  1878. 

10.— REMOVAL  OP  NASH'S  ROCK  (SHOAL). 

hash's  Rock,  so  called,  is  a  shoal  lying  in  the  outer  entrance  to  Boston 
Harbor,  about  one-third  of  the  way  over  from  Brewster  Spit  to  Point 
Allerton.  This  shoal  was  surveyed  in  September  and  October,  1873. 
and  a  special  rei)ort  thereon,  accompanied  by  drawings,  was  submitted 
to  the  department  on  the  24tn  of  March,  1874. 
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From  information  acquired  by  tins  survey,  it  was  seen  that  the  only 
portion  of  this  shoal  which  it  would  be  advisable  and  practicable  to 
improve,  was  that  having  less  than  21  feet  of  water  over  it  at  mean  low- 
water,  which  portion  had  an  area  of  637^  superficial  yards,  and  would 
require,  in  order  to  obtain  a  depth  of  21  feet,  the  excavation  and  removal 
of  about  500  cubic  yards  of  bowlders,  shingle,  &c.,  at  an  estimated  cost 
of  $10,000;  whereas  to  remove  the  whole  shoal  to  a  depth  of  23  feet 
below  the  plane  of  mean  low- water  would  require  the  excavation  of  over 
16,000  cubic  yards  of  similar  material  over  an  area  of  9.1  aeres,  the  cost 
of  which  would  be  greatly  disproportionate  to  the  benefit  that  would 
result  therefrom. 

Under  the  appropriation  made  by  the  act  of  March  3, 1876,  for  the 
improvement  of  this  harbor,  a  contract  was  made,  May  19,  1875,  with 
Messrs.  Curtis,  Fobes  &  Company,  of  Portland,  Me.,  for  removing  about 
one-half  of  this  shoal  to  the  projected  depth  of  21  feet  at  mean  low-water, 
which  was  completed  by  them  in  September,  1876. 

For  completing  the  removal  of  this  shoal  down  to  the  projected  grade, 
a  submarine  paiiy,  with  a  vessel  and  crew  and  all  the  necessary  ma- 
chinery and  explosives,  was  hired  at  $60  per  day.  The  party  commenced 
work  on  the  4th  of  September,  and  continued  until  the  8th  of  November 
last,  when,  owing  to  the  windy  weather  and  strong  currents,  operations 
were  suspended  for  the  season.  During  this  period,  320  tons  of  large 
bowlders  and  ledge  were  removed,  leaving  only  about  40  tons  to  be 
removed  for  the  completion  of  the  work.  This  work  will  be  resumed 
when  the  weather  becomes  most  favorable  for  it,  and  will  probably  be 
completed  before  the  end  of  August.  By  the  work  thus  far  done,  this 
shoal  has  been  so  £a.r  improved  that  on  its  shoalest  places  there  is  now 
a  depth  of  18^  feet  at  mean  low-water,  being  an  increase  of  over  3  feet. 

11.— REMOVAL  OP  KELLY^S  BOOK  AND  THE  LEDGES  XEAB  IT. 

This  rock  lies  in  the  main  ship-channel,  distant  about  700  yards,  in  a 
direction  southeast  by  south  of  Bug  light  (at  the  Narrows)  and  in  the 
line  of  entrance  buoy  No.  1  and  Bug  Ught.  In  1869  operations  were 
commenced  for  removing  this  rock  to  a  depth  of  23  feet  below  the  plane 
of  mean  low- water,  and  were  continued  up  to  the  end  of  December,  1870. 
These  operations  were  continued  in  Jime  and  July,  1873.  An  accurate 
survey  afterwards  made  of  this  rock  showed  that  there  stiU  remained  an 
area  of  about  320  superficial  yards  of  it,  which  had  less  than  the  projected 
depth  on  the  shoalest  parts,  on  which  there  were  but  21.2  feet  of  water 
at  mean  low-water,  and  that  in  order  to  obtain  a  fuU  depth  of  23  feet 
would  require  the  removal  of  not  less  than  80  cubic  yards  of  the  rock. 

Under  the  appropriation  made  by  act  of  March  3, 1875,  for  this  harbor, 
a  contract  was  made.  May  14, 1875,  with  Mr.  George  W.  Townsend,  of 
Boston,  Mass.,  for  completing  the  removal  of  this  rock,  at  $00  per  cubic 
yard.  He  commenced  operations  under  this  contract  in  the  latter  part 
of  May,  1875,  and  completed  them  on  September  30, 1875. 

During  the  removal  of  this  rock  in  1875,  new  ledges  were  discovered 
in  its  \icinity,  above  and  below,  having  on  the  shoalest  parts  a  depth  of 
but  20  to  21  feet  at  mean  low- water.  These  ledges  cover  an  area  of 
about  543  square  yards  in  the  23-foot  plane  below  mean  low-water,  and 
189  cubic  yards  will  have  to  be  removed  above  that  plane. 

During  the  past  year  an  additional  area  of  310  square  yards  of  ledge 
has  been  discovered  below  Kelly's  Eock,  having  but  17.4  feet  of  water 
on  its  shoalest  part  at  mean  low- water,  and  requiring  the  breaking  up 
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and  removal  of  about  165  cubic  yards  of  ledge  for  reducing  it  to  the  re- 
quired grade  of  23  feet  at  mean  low- water. 

A  contract  was  made  June  4, 1877,  with  Mr.  George  W.  Townsend,  of 
Boston,  Mass.,  the  lowest  of  two  bidders,  for  the  removal  of  the  ledges 
discovered  in  1875,  at  $50  per  cubic  yard,  measured  in  its  bed,  above  the 
23-foot  plane.  He  commenced  work  under  this  contract  on  the  15th  of 
June,  1877,  first  upon  the  ledges  above  (to  the  westward  of)  Kelly's  Kock, 
which  he  completed  on  the  18th  of  August,  by  the  breaking  up  and  I'e- 
moval  of  26.42  cubic  yards  above  the  23-feet  plane.  He  then  commenced 
work  upon  one  of  the  spurs  of  ledge  below  Kelly's  Bock,  which  he  con- 
tinued up  to  the  latter  part  of  December;  but  owing  to  the  very  unfa- 
Torable  weather  during  the  greater  part  of  that  period,  his  progress  was 
much  less  satisfactory  than  had  been  hoped  for,  in  having  broken  up 
and  removed  but  50  cubic  yards  of  that  ledge,  the  total  quantity  accom- 
plished during  the  season  being  76.42  cubic  yards.  On  the  completion 
of  the  submarine  work  at  the  Upper  Middle,  about  the  1st  of  August, 
the  contractor  will  resume  work  upon  the  ledge  below  Kelly's  Kock, 
which  he  will  endeavor  to  complete  by  the  end  of  the  present  season, 
should  the  weather  be  as  favorable  as  in  most  of  the  past  seasons. 

12. — ^REMOVAL  OF  TOWEB  BOOK. 

This  rock  was  situated  in  the  main  ship-channel  at  ^^The  Narrows," 
about  100  cubic  yards  to  the  southwest  of  Great  Brewster  Spit  light. 
It  was  blasted  out  and  removed  in  1867  to  the  projected  depth  of  23  teet 
at  mean  low  water. 

13.— BEMOVAL  OP  COBWIN  BOOK. 

This  rock  was  situated  in  the  main  ship-channel  at  '^The  !Narrows,'^ 
about  200  yards  to  the  southwest  of  Great  Brewster  Spit  light.  It  was 
blasted  oat  and  removed  in  the  years  1868  and  1869  to  the  projected  depth 
of  23  feet  at  mean  low-water. 

14.— BEMOVAI.  OP  SX7NKEN   LEBGB   BETWEEN   eEOBGE'S  ISLAND  AND 
GBEAT  BBEWSTEB  SPIT. 

This  ledge  was  discovered  in  1872,  in  a  resurvey  of  "The  Narrows." 
It  was  situated  near  the  middle  of  the  main  ship-channel,  directly  in  the 
track  of  all  kurge  vessels,  and  particularly  of  the  European  steamers,  and 
was  distant  317  yards  in  a  direction  west  by  south  fiSom  Bug  light.  It 
had  but  18.9  feet  of  water  upon  it  at  mean  low- water,  and  was  therefore 
a  dangerons  obstacle  to  navigation. 

Under  the  appropriation  of  June  23, 1874,  a  contract  was  made,  August 
31, 1874,  with  Mr.  William  H.  Lloyd,  of  Boston,  Mass.,  for  the  removal 
of  this  ledge  to  a  depth  of  23  feet  at  mean  low- water— «;ltogether  16^ 
cubic  vards — ^for  the  sum  of  $400,  which  he  completed  early  in  Septem- 
ber, 1875, 

15. — ^BEMOVAL  OF  BABBEL  BOGK^  IN  BBOAD  SOUND. 

This  was  a  bowlder  l3ring  about  1  mile  a  little  north  of  west  from  Green 
IsLand,  and  near  the  sailing  line  of  the  Portland  and  other  Maine  steam- 
ers. It  had  only  4  feet  of  water  over  it  at  low  tide,  and  in  thick  weather 
was  a  dangerous  obstacle  to  navigation.    It  was  removed  in  1869. 
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16.— REMOVAL  OP  STATE  AND  PALMYRA  ROCKS. 

A  special  survey  was  made  of  these  rocks,  of  which  a  report  and 
drawings  were  transmitted  to  the  department  on  the  25th  of  May,  1874. 
By  this  survey  it  was  ascertained  that  State  Rock  and  Pahnyra  Rock, 
of  the  position  and  character  of  which  but  little  previously  had  been 
known,  are  situated  very  near  each  other,  and  most  probably  are  out- 
croppings  of  the  same  ledge,  forming  spurs  on  the  southern  side  of  the 
Lower  Middle  Bar,  about  one-half  a  mHe  east  of  Castle  Island. 

To  effect  the  improvement  proposed  required  altogether  the  removal 
of  about  62  cubic  yards  of  rock,  for  which  a  contract  was  made,  August 
31, 1874,  with  Mr.  William  H.  Lloyd,  of  Boston,  who  was  the  lowest 
of  two  bidders,  at  $1,500  for  the  job,  Mr.  Lloyd  commenced  work  ux)on 
the  removal  of  the  rocks  in  September,  1874,  and  continued  up  to  the 
middle  of  November,  when,  on  account  of  the  weather  he  was  obliged  to 
suspend  for  the  winter.  He  resumed  work  about  the  1st  of  June,  1875, 
and  completed  their  removal  on  the  15th  of  that  month. 

17.— REMOVAL  OP  THE  WRECK  OF  THE  SCHOONER  DELOS. 

This  was  an  old  vessel  of  about  100  tons  burden,  deeply  loaded  with 
gravel  in  her  hold  and  on  deck,  destined  for  the  engineer  work  at  Fort 
Warren,  and  was-simk  in  the  gale  of  November  12, 1872,  in  Nantasket 
Roads,  about  100  yards  from  Fort  Warren  wharf,  in  about  22  feet  of 
water  at  low  water.  When  examined  in  December,  1872,  she  was 
stripped  of  her  masts  and  rigging,  and  was  much  shattered,  and  had 
about  14  feet  of  water  over  her  at.mean  low-water.  The  breaking  up  and 
removal  of  this  wreck  was  commenced  on  May  29, 1873,  and  was  com- 
pleted in  the  early  part  of  June. 

From  the  foregoing  statement  it  is  seen  that  the  following  work  has 
been  done  during  the  past  fiscal  year^  viz : 

1.  The  channel  at  the  southwest  pomt  of  Lovell's  Island  was  increased 
to  a  width  of  not  less  than  600  feet  for  a  depth  of  23  feet  at  mean  low- 
water. 

2.  The  ledge  above  Kelly's  Rock  (26.42  cubic  yards)  has  been  ^itirely 
removed  to  a  depth  of  23  feet  at  mean  low-water. 

3.  Fifty  cubic  yards  of  the  ledge  below  Kelly's  Rock  has  been  broken 
up  and  removed  to  a  depth  of  23  feet  at  mean  low-water. 

4.  Fifty  cubic  yards  of  the  ledge  has  been  broken  up  and  removed  to 
the  projected  depth  from  the  Upper  Middle  Channel,  leaving  31^  cubic 
yards  yet  to  be  removed. 

5.  About  320  tons  of  large  bowlders  and  ledge  have  been  removed 
from  Nash's  Rock  (Shoal),  leaving  about  40  tons  yet  to  be  removed. 

6.  Contracts  have  been  made  and  work  commenced  for  famishing  and 
delivering  the  stone  required  for  the  reconstruction  of  the  sea-wall  on 
the  southeast  bluff  of  Lovell's  Island,  and  a  landing  and  railroad  track 
nearly  completed  for  receiving  and  moving  the  stone,  with  a  probability 
of  the  completion  of  the  wall  by  the  end  of  the  present  working  season. 

7.  A  survey  made  of  Anchorage  Shoal  and  the  mouth  of  Mystic 
River,  in  the  upper  harbor,  of  which  rei)orts,  drawings,  and  estimates 
for  their  improvement  have  been  submitted  to  the  department. 

By  the  dredging  of  the  past  season  at  and  near  the  southwest  point 
of  Lovell's  Island,  together  with  that  completed  in  1875  at  the  south- 
east point  of  Lovell's  Island,  and  that  in  1876  at  the  west  end  of  Great 
Brewster  Spit  and  at  the  Upper  Middle  Bar,  all  the  dredffing  hitherto 
projected  for  the  improvement  of  this  harbor  from  its  entrance  up  to 
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Anchorage  Shoal  haB  been  completed,  giving  a  channel  not  less  than 
600  feet  in  width  and  23  feet  in  depth  at  mean  low- water,  (or  about  32^ 
feet  at  ordinary  high  water),  except  at  the  Lower  Middle,  where  it  is 
only  400  feet  wide  in  its  narrowest  part,  and  except  where  obstracted 
by  the  sunken  ledges  recently  discovered,  near  Kelly's  Rock  and  in  the 
Upper  Middle  Chsmnel,  which  have  as  yet  been  but  partially  removed. 

^e  work  that  now  remains  to  be  done  for  completing  all  the  improve- 
ments for  which  projects  and  estimates  have  hitherto  been  made,  con- 
sists of  the  following,  viz: 

a.  Completing  the  breaking  up  and  remoTine  31-^  cubic  yards  of  ledge  in 
the  tipper  Middle  Channel,  now  contracted  for  at  |65  per  cubic  yard..      (2,  047  50 

ft.  Completing  the  breaking  up  and  removal  of  131i  cubic  yards  of  sunken 
ledge  below  KeUy's  Rock,  now  contracted  for  at  $50  per  cubic  yard. . . .        6,  575  00 

c.  Completing  the  improvement  of  Nash's  Rock  Shoal,  say 1,  000  00 

d.  Reconstructing  sea-waU  on  southeast  bluff  of  Lovelies  Island,  now 
contracted  form  part 14,500  00 

e.  Removal  of  Man-of-War  Shoal,  by  dredging  to  a  depth  of  23  feet  at 
mean  low  water,  at  an  estimated  cost  (for  65,000  cubic  yards  at  50 

cents}  of 32,500  00 

/.  Breaking  up  and  removing  145.78  cubic  yards  of  ledge  below  Kelly's 

Rock,  at  $50  per  cubic  yard  (not  contracted  for) 7,  289  00 

g.  Adding  for  contingencies,  say • 6,789  74 

Total 70,701  24 

which  is  the  balance  now  available  of  the  appropriations  thus  far  made 
exclnsively  for  the  above  works. 

The  following  additional  works,  for  which  estimates  are  submitted, 
require  for  their  completion  appropriations  for  the  fall  amount  stated, 
viz: 

*.  The  projected  improvement  of  Anchorage  Shoal  (next  above  the 
Upper  Middle),  now  the  only  obstacle  to  the  passage  of  ocean  steamers 
and  other  deep-draught  vessels  from  the  ocean  up  to  the  upper  harbor 
of  Boston  in  all  stages  of  the  tide. 

A  survey  of  this  shoal  made  during  the  past  year  shows  that  it  has  a 
very  irregular  shape,  and  extends  into  the  main  channel  chiefly  from  the 
East  Boston  and  Bird  Island  flats,  having  in  its  shoalest  part  but  15^ 
feet  of  water  at  mean  low-water,  or  about  25  feet  at  ordinary  high-water, 
and  that  the  greatest  depth  that  can  be  carried  over  the  southern  part 
is  22  feet  at  mean  low-water  for  a  width  of  about  300  feet,  or  21  feet  for 
a  width  of  about  500  feet.  To  open  this  channel  to  a  depth  of  23  feet  at 
mean  low-water  (the  same  depth  of  all  the  improvements  in  the  channel 
below)  for  an  average  width  of  1,100  feet,  which  width  is  necessary  in 
this  central  i>osition  of  the  harbor,  to  enable  vessels,  on  entering  or  leav- 
ing tins  channel,  to  have  free  communication  with  all  parts  of  the  har- 
bor, would  require — 

One  Imndred  and  thirty-fiye  thonsand  cnbio  yards  of  dredging,  over  an 
area  of  about  130,000  square  yards  of  the  shoal,  the  estimated  cost  of 
which,  at  60  cents  per  cubic  yard,  is $81,000  00 

Adding  for  engineering  expenses  and  other  contingencies,  say 9, 000  00 

90,000  00 

«.  Inereasing  to  a  iv^dth  of  600  feet  the  main  ship-channel  at  the  Lower 
Middle,  by  the  removal  of  spurs  projectin|5  from  its  southern  side,  requir- 
ing 5,000  cubic  ^ards  of  dredging,  the  estimated  cost  of  which,  including 
contingencies,  is.-- - •.. • 5,000  00 

During  the  past  year  an  examination  has  also  been  made  of  this  harbor 
at  and  near  the  mouth  of  Mystic  Eiver,  with  a  view  to  its  improvement 
to  an  extent  commensurate  with  the  present  great  and  prospectively  in- 
creasing demands  of  the  commerce  of  that  portion  of  the  harbor.    A 
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special  rei)ort  on  this  subject,  accompanied  with  a  drawing  and  estimate, 
was  submitted  to  the  department  on  the  3d  of  May,  1878,  by  which 
it  will  be  seen  that  very  extensive  improvements  have  been  made  in  late 
years  in  this  part  of  the  upper  harbor  of  Boston,  owing  to  the  superior 
facilities  which  it  affords  to  ocean  steamers  and  other  vessels  of  the  largest 
class.  On  the  western  side  of  the  river,  between  the  United  States  navy- 
yard  and  Chelsea  Bridge,  extensive  piers  and  docks  have  been  built,  and 
others  are  now  in  progress,  with  berths  for  ocean  steamers  dredged  to  a 
depth  of  25  feet  at  mean  low- water,  together  with  a  channel  of  the  same 
depth  and  100  feet  in  width  leading  from  the  berths  outward  to  deep 
water.  The  East  Boston  side  of  this  harbor,  opposite  the  navy-yard,  is 
also  lined  with  wharves,  for  a  distance  of  about  one  mile,  and  offers  great 
advantages  to  shipping,  securely  sheltered  as  it  is  from  all  storms.  This 
river  has  a  depth  of  23  feet  and  more  at  mean  low-water,  except  where 
obstructed  by  the  shoal  opposite  the  wharves  of  the  navy-yard,  for  a 
length  of  about  500  yards,  on  the  shoalest  part  of  which  there  is  not  more 
than  15  feet  of  water  at  mean  low- water.  The  commerce  of  this  harbor 
would  doubtless  be  much  benefited  by  removing  this  obstruction,  by 
dredging  to  a  depth  of  23  feet  at  mean  low-water,  or  about  33  feet  at 
ordinary  high- water  (the  same  minimum  depth  that  is  adopted  for  the 
harbor  below),  for  a  width  of  300  feet.    This  would  require — 

About  125,000  cubic  yards  of  dredging,  the  estimated  cost  of  which,  at  50 

cents  per  cubic  yard,  is $62,500  00 

Additional  for  engineering  expenses  and  other  contingencies,  say...... ..        7, 500  00 

Total 70,000  00 

The  additional  appropriation  that  will  be  required  for  improving 
Anchorage  Shoal,  the  Lower  Middle,  and  Mystic  River,  as  estimated 
above,  is,  in  the  aggregate,  $165,000. 

The  several  works  built  and  prelected  for  the  improYement  of  this  harbor  lie  within 
the  port  of  Boston,  and  in  the  collection  district  or  Boston  and  Charlestown,  Mass. 

The  following  information  in  regard  to  the  revenue  and  commerce  of  the 
port  of  Boston  for  the  year  ending  December  31, 1877,  has  been  furnished 
by  the  United  States  collector  of  customs  at  that  port,  viz : 

Amount  of  revenue.... * • $13, 037, 114  89 

Value  of  imports 47, 720, 664  00 

Value  of  exports 43,  563,229  00 

Knmber.  Tonnagie. 

American  vessels  arrived 690  297,067 

Forei^  vessels  arrived 1,506  570,811 

American  vessels  cleared • 617  239, 167 

Foreign  vessels  cleared : 1,377  490,594 

Number  of  vessels  built,  20,  with  an  aggregate  tonnage  of  10,895.56. 

The  following-named  papers  are  hereto  appended,  viz : 

1.  Abstract  of  proposals  received. 

2.  Abstract  of  contracts  made. 

Money  statement 

July  1,  1877,  amount  available , $41,291  61 

Amount  appropriated  by  act  approved  June  18, 1878 55, 000  00 

196,291  61 

July  1,  1878,  amount  expended  during  fiscal  year 21, 090  17 

July  1,  1878,  outstanding  liabilities 4, 500  20 

25,590  37 

Julyl,  1878,  amount  available 70,701  24 

Amount  (estimated)  required  for  completion  of  existing  project 165,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    165, 000  00 
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AUtrad  of  propo§alB  reemoed  Mag  31,  1878,  for  improoemMi  of  Boiton  ffarbor,  Matsa* 

okusetts. 

[Stone  to  be deUvered  at  Lowell's  Itland  in  Boston  Harbor.] 


Bidden. 


Isaac  A.  Sylvester 

CJ.Han.. 

C«>eiLnn  Granite  Company 

C.H.Bragdon 

C.A.Peii«e&Co 

Derrv  &  Edwarda 

Goocli  &.  Haynea , 

Bodwell  Granite  Company 

fiockport  Granite  Company 

Oliver  Jordan 

Collins  Granite  Co.,  East  Bine  Hil]«  Me 
Albion  S.  Hamilton  and  Simeon  Bamllton 

Davis  Tillson 

Willett  Andrews 

Crabtree  &  Harvey 

Joseph  H.  West 

James  Ginn 


Besidenoe. 


Quincy,  Mass 

Mount  Desert,  Me . . 
Gloucester,  lAass . . . 

Biddeford,  Me 

Bookford,  Mass 

Boston,  Mass 

Biddeford,  Me 

BocUand^Me 

Bockport,  Mass 

Yarmouth,  Me 

Philadelphia,  Pa.... 

PorthuML  Me 

Bocklana  Me 

Biddeford,  Me 

SuUivan,  Me 

Franklin,  Me 

Bath,  Me 


111 


$0  3d 

87j 


46 
43 
89 
48 
63 
41 
45 
64 
69 
60 
59 
«1 
150 


|g 


$0  39 
40 
39i 
40 
46 
50 
45 
51 
53 
45 
65 
05 
02 

eo 

«7 

07 

1  50 


I 


$1  80 
2  45 
2  58 
2  80 

1  99 

2  62 

3  40 
240 

2  25 

3  95 
3  75 
3  07 
3  00 
8  00 
3  50 
8  75 
2  50 


|0  85 

125 
60 

1  16 
60 

70 


1  35 
90 


2  00 
1  03 
1  49 
150 


250 


AUtraet  of  contracts  made  during  the  fiscal  year  ending  June  30,  1877,  for  delivering  atone 
at  LovdPe  Island,  in  Boston  Harbor,  Massaehuseits, 


Date  of  con- 
tract 


Contractors. 


Nature  of  work. 


Price. 


Jnas  3,1978 
/nasl0,l«78 


A.    Sylvester, 
Qoinioy,"' 


1 


Cape  Ann  Granite  Company, 
of  Glonoester,  Mass. 


For  5,700  cubic  feet,  more  or 
less,  dimension-cut  granite. 

For  500  tons,  mora  ar  less, 
split  granite. 

For  1,100  tons,  more  or  less, 
granite  grout  mbble-stoue. 


89  cents  per  cub  jc  foot. 

$1.80  per  ton  of  2,240  pounds. 

50  cents  per  ton  of   2,240 
]M>unds. 


A   12. 

IMPROVEMENT  OF  PLYMOUTH  HAEBOR,  MASSACHUSETTS. 

The  existence  of  this  harbor  depends  entirely  upon  the  protection  and 
preservation  of  Long  Beach,  which  is  a  narrow  strip  of  land  that  ex- 
tends 2f  miles  ont  from  the  mainland  in  a  northwesterly  direction, 
nearly  parallel  to  the  shore  of  the  town  of  Plymouth,  and  distant  fix)m 
it  about  one  mile.  It  affords  to  the  harbor  its  only  shelter  from  easterly 
storms.  In  late  years  it  has  been  washed  away  in  some  places,  and 
much  weakened  in  others,  to  an  extent  seriously  threatening  the  ruin  of 
the  harbor.  For  the  protection  and  preservation  of  this  beach  various. 
"Works  have  been  built  from  time  to  time,  until  finally  they  have  proved 
efficient  and  successful. 

The  total  amount  that  has  been  appropriated  by  Congress  for  the  pres- 
ervation and  improvement  of  this  harbor,  from  1824  up  to  and  includ- 
ing June  18,  1878,  is  $118,667. 

Of  this  wnount  there  has  been  allotted  to  and  appropriated  for  this 
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harbor,  since  the  resumption  of  work  on  rivers  and  harbors  in  1806,  the 
sums  as  follows,  viz: 

Amount  aUotted  in  1866,  from  appropriatiouB  made  July  2,  1864,  for  har- 
bors on  the  Atlantic  coast |8, 300  00 

Amount  aUotted  under  act  of  Julv  25,  1868 7,500  00 

Appropriated  by  act  approved  July  11,  1870 10,000  00 

Appropriated  by  act  approved  March  3,  1871.--. 10,000  00 

Appropriated  by  act  approved  June  10,  1872 2,500  00 

Appropriated  by  act  approved  March  3,  1873. ..^ 3,000  00 

Appropriated  by  act  approved  June  23,  1874  ...j 5,000  00 

Appropriated  by  act  approved  March  3,  1875. ..w 10,000  00 

Appropriated  by  act  approved  June  18,  1878 5,000  00 

Total 61,300  00 

A  history  and  description  of  the  several  works  built  for  the  protection 
and  preservation  of  Long  Beach  will  be  found  in  the  annual  report  for 
the  fiscal  year  ending  June  30, 1877,  fix)m  which  it  is  seen  that  the  sev- 
eral amounts  that  have  been  allotted  to  and  appropriated  for  the  im- 
provement of  Plymouth  Harbor  since  1866  have  been  applied  to  the 
construction  of  bulkheads,  jetties,  and  groins,  and  the  planting  of  beach- 
grass  where  most  necessary  for  protecting  and  strengthening  Long  Beach 
throughout  its  whole  extent  of  about  2|  miles. 

The  bulkheads  and  jetties  have  accumulated  a  large  quantity  of  sand, 
forming  a  ridge  throughout  its  whole  extent,  and  the  beach-grass  covers 
nearly  all  this  newly  formed  beach,  which  is  now  in  efficient  condition. 
Eepairs,  however,  are  now  necessaiy,  as  they  doubtless  will  continue  to 
be  from  time  to  time  along  this  beach,  exposed,  as  it  is,  to  injury  by  vio- 
lent storms.  Something  more  should  also  be  done  for  increasing  the 
efficiency  of  the  stone  bulkhead  at  the  outer  end,  and  its  connection, 
with  the  beach. 

The  estimated  cost  of  this  work  is  as  follows,  viz : 

1.  1,000  tons  mbble-stone,  at  (2 $2,000  00 

2.  Repairs  of  bulkhead  near  inner  end  of  beach  (partially  burned  of  late) ..        250  00 

3.  Repairs  of  bulkhead  and  jetties 750  00 

Adding  for  contingenciee,  eay 500  00 

Total 3,500  00 

A  survey  was  made  of  this  harbor  in  February,  1874,  in  compliance 
with  a  resolution  of  the  House  of  Representatives  dated  December  10, 
1873,  "  with  a  view  to  dredging  and  improving  the  same  so  as  to  afford 
greater  protection  and  facilities  to  commerce.'' 

The  plan  that  has  been  projected  for  the  improvement  of  this  harbor 
is  to  open  a  channel  by  dredging  through  the  sand,  mud,  and  clay,  from 
the  Middle  Ground  up  to  Long  Wharf,  a  distance  of  aoout  2,500  feet, 
the  channel  to  have  a  width  of  100  feet,  and  a  depth  of  6  feet  at  mean 
low- water,  or  16  feet  at  mean  high- water ;  this  channel  to  be  extended 
southward,  in  front  of  the  wharves  above  Long  Wharf,  for  a  distance  of 
about  900  feet  to  the  mouth  of  Town  Brook,  so  as  to  form  a  basin  125 
feet  in  width  and  8  feet  in  depth  at  mean  low- water.  The  total  quantity 
of  dredging  required  for  this  improvement  was  estimated  at  about  110,000 
cubic  yards. 

Under  the  appropriation  of  $10,000,  made  by  act  of  March  3. 1875,  for 
improving  this  channel  as  above  projected,  a  contract  was  made  May  13, 
1876.  with  Mr.  Augustus  R.  Wright,  of  Geneva,  K  Y.,  the  lowest  biddca-, 
at  23  cents  per  cubic  yard,  as  measured  in  the  scows,  for  36,000  cubic 
yards,  more  or  less,  of  dredging,  to  be  applied  to  the  partial  excavation 
of  the  projected  channel.  Dredging  was  commenced  under  this  contract 
on  the  19th  of  April,  1876,  and  was  completed  on  the  21st  of  June,  1876, 
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resnlting  in  34,985  cubic  yards  of  dredging,  whereby  a  channel  was 
opened  np  to  the  wharves  of  Plymouth  for  a  width  of  50  feet,  and  to  a 
depth  of  6  feet  at  mean  low- water. 
To  complete  this  channel  and  basin  will  therefore  require  about — 

SeTenty-fiye  thousand  cabic  yards  more  of  dredging,  the  estimated  cost 

of  which,  at  30  cents  per  cubic  yard,  is 122,500  00 

Adding  for  contingencies,  say 3,000  00 

Total 25,500  00 

The  estimated  cost  of  works  and  repairs  now  necessary  for  the 
protection  and  preservation  of  Long  Beach,  as  above,  is,  in- 
cluding contingencies 93,500  00 

For  probable  repairs  to  be  provided  for  for  the  fiscal  year  end- 
ing June  30,  1880 1, 000  00 

4,500  00 

30,000  00 
Amount  appropriated  by  act  of  June  18,  1878.. 5,000  00 

Additional  amount  required  for  completing  the  improvement  as  pro- 
jected is 25,000  00 

Application  has  been  made  to  the  collector  of  customs  at  Plymouth 
for  information  as  to  the  revenue  and  commerce  of  that  port,  but  no  reply 
has  been  received. 

Money  statement. 

Jnlyl,  1877,  amount  available ^  92 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 

5,093  92 
.July  1,  1878,  amount  expended  during  fiscal  year 5  85 

Julyl,  1878,  amount  available 5,088  07 

Amount  (estimated)  required  for  completion  of  existing  project 25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    25, 000  00 


A  13. 

mPKOVEMEKT  OF  PROVINCETOWN  HARBOR,  MASSACHUSETTS. 

The  following  amounts  have  been  allotted  to  and  appropriated  for  the 
preservation  of  this  harbor  since  the  resumption  of  work  on  rivers  and 
harbors  in  1866,  viz: 

Amount  allotted  1866  from  appropriation  made  July  2, 1864,  for  harbors 

on  the  Atlantic  coast ^15,000  00 

Amount  appropriated  by  act  of  June  23, 1866 43,  068  44 

Amount  allotted  under  act  of  April  10,  1869 9,000  00 

Amount  appropriated  by  act  of  March  3,  1871 6,000  00 

Amount  appropriated  by  act  of  June  10, 1872 5,  000  00 

Amount  appropriated  by  act  of  March  3,  1873 6,000  00 

Amount  appropriated  by  act  of  June  23,  1874 6,  000  00 

Amount  appropriated  by  act  of  March  3,  1875 5,000  00 

Amount  appropriated  by  act  of  August  14,  1876 4,000  00 

Amount  appropriated  by  act  of  June  18,  1878 1,000  00 

Total 100,068  44 

Under  the  appropriation  of  $4,000  made  by  the  river  and  harbor  act 
of  August  14,  1S76,  the  following  work  was  projected  for  the  further 
preservation  and  improvement  of  this  harbor,  to  wit : 
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1.  Baising  and  extending  the  stone  bolkhead  on  the  extremity  of 
Long  Point,  the  stone  therefor  to  be  furnished  by  contract ;  and 

2.  Eepairs  of  the  bulkheads  and  jetties  at  Beach  Point  and  Core 
Section,  and  of  the  dikes  at  High  Head  and  Abel  Hill  where  necessary, 
and  planting  beach-grass  on  the  outer  beach ;  this  work  to  be  done  by 
men  hired  by  the  day. 

Contracts  were  made  with  the  following  parties,  who  were  the  lowest 
bidders,  for  furnishing  the  stone  required  for  raising  and  extending  tiie 
bulkhead  on  Long  Point,  to  wit : 

1.  With  Alpliens  C.  Pierce,  of  Rockport,  Mass.,  for  1,000  tons,  more  or  less,  of  large 
quarry  grout,  at  fl.59  per  ton  of  2,240  pounds,  under  contract  of  May  31,  1877 ;  and 

2.  With  Isaac  A.  Sylvester,  of  Quincy,  Mass.,  for  700  tons,  more  or  less,  of  small 
rounded  boulders,  at  (1.48  per  ton  of  2,240  pounds,  under  contract  of  June  4,  1877. 

Mr.  Pierce  had  furnished  and  placed  upon  the  work,  up  to  the  1st  of 
July,  1877,  under  his  contract,  558J  tons  of  large  quarry  grout,  and  on 
the  28th  of  July  he  completed  his  contract  on  the  delivery  of  an  aggre- 
gate of  1,114/jV5^  tons. 

Mr.  Sylvester  commenced  furnishing  small  stone  under  his  contract 
in  the  latter  part  of  July,  and  completed  the  same  on  the  21st  of  Sejv 
tember,  1877,  by  the  delivery  of  a  total  of  745J|2^  tons. 

During  the  month  of  November  last,  the  outer  end  of  the  stone  bulk- 
head on  Long  Point  was  repaired  and  regulated,  the  work  having  been 
done  by  a  vessel  and  crew  hired  by  the  day. 

By  the  end  of  December  last  all  the  repairs  were  completed,  where 
necessary,  upon  the  works  at  Beach  Point,  Cove  Section,  High  Head, 
and  elsewhere. 

AU  the  works  projected  for  the  preservation  and  improvement  of  this 
harbor  were  thus  finally  completied,  and  the  funds  nearly  expended^ 
These  works  consist  of  the  following,  to  wit : 

1.  Bulkheads  and  jetties  of  various  descriptions  have  been  bifUt  from 
time  to  time  along  Beach  Point  for  its  preservation  and  protection,  both 
by  the  United  States  Government  and  by  the  local  authorities. 

2.  A  dike  was  built  in  1868  and  1869  by  the  State  of  Massachusetts 
across  the  outlet  of  Bast  Harbor  Creek. 

3.  A  dike,  690  feet  in  length,  was  built  in  1868  and  1869^y  the  United 
States  Government,  across  East  Harbor  Creek  at  the  Wading  Place 
near  High  Head,  about  2  miles  above  the  outlet  of  the  creek, 

4.  In  1867-'68,  about  6,000  linear  feet  of  fence  bulkheads  and  jetties 
were  built  for  the  protection  and  preservation  of  the  beach  at  Long 
Point  and  Beach  Point. 

6.  A  stone  bulkhead,  about  1,000  feet  in  length,  has  been  completed, 
for  the  protection  and  preservation  of  the  outer  end  of  Long  Point,  the 
light-house,  and  Three-gun  Battery. 

6.  A  substantial  dike  (272  feet  in  length)  was  built  in  1871-'72  across 
the  head  of  Lancey's  Harbor,  near  Abel  HilL 

7..  Beach-grass  planted  on  Beach  Point,  Long  Point,  Abel  Hill,  C^ve 
Section,  and  Oblique  Section,  and  at  the  last  two  places  brush  has  also 
been  laid  for  their  further  protection. 

8.  The  projected  extension  of  the  several  jetties  on  Beach  Point  and 
State  Dike  has  been  completed. 

9.  A  bulkhead  and  six  jetties  built  for  the  preservation  and  protection 
of  the  beach  at  Cove  Section,  near  High  Head,  were  encroached  upon 
by  the  extraordinaiy  gales  of  November,  1873,  and  January,  1874.  Gnds 
bulkhead  is  607  feet  in  length,  and  the  jetties  have  an  aggregate  length 
of  126  feet.  They  consist  of  a  frame-work  filled  with  brush  and  bal- 
lasted with  stone,  and  were  completed  in  December,  1874. 
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These  works  at  Cove  Section  have  accumulated  the  sand  to  such  an 
extent,  both  in  height  and  width  Tsince  covered  and  strengthened  with 
beach-grass),  that  it  is  believed  tliat  this  weak  portion  of  the  beach  is 
now  secure  against  further  encroachment  by  gales. 

All  the  al^ve-described  works  are  generally  in  excellent  condition, 
and  have  fully  answered  the  purpose  for  which  they  were  designed. 
They  will,  however,  require  constant  watching  and  occasional  repairs, 
exposed  as  they  are  to  iiyury  from  the  violent  storms  to  which  they 
are  exi)osed.  For  this  purpose  an  additional  appropriation  of  $1,000  is 
recommended  for  the  fiscal  year  ending  June  30, 1880. 

The  appropriation  of  $1,000  made  for  the  improvement  of  this  harbor 
by  the  river  and  harbor  act  of  June  18, 1878,  or  so  much  thereof  as  may 
at  present  be  necessary,  it  is  proposed  to  apply  to  strengthening  tlie 
the  stone  bulkhead  on  Ix)ng  Point  and  to  such  repairs  as  may  be  neces- 
sary on  the  several  other  works  built  for  the  protection  and  preservation 
of  this  harbor. 

In  regard  to  the  estimates  for  the  work  done  for  the  preservation  of 
this  harbor,  they  appear  to  have  generally  agreed  with  the  amounts  that 
have  been  appropriated  and  expended  therefor.  Much  of  the  work, 
however,  has  been  for  repairs  and  extensions  not  foreseen,  but  abso- 
lutely necessary  to  be  made  as  they  occurred,  for  which  no  i)revious 
estimates  could  be  made. 

Provincetown,  in  which  the  above-deiicribed  workfl  are  sitaated,  is  a  port  of  entry 
within  the  coUection  district  of  Barnstable,  Mass. 

The  following  information  in  regard  to  the  revenue  and  commerce  of 
this  port,  for  the  year  ending  December  31, 1877,  has  been  furnished  by 
the  United  States  collector  of  customs  at  that  place,  viz : 

Amonnt  for  revenue  coUected ^,  454  10 

Valneof  imports 1,686  00 

Value  of  exports 14,032  00 

Xumher  of  amvalB  and  departures  of  vessels,  10,170. 

Money  statement. 

July  1,  1877,  amount  available $3,170  67 

Amount  appropriated  by  act  approved  June  18, 1878 1,  000  00 

e4, 170  67 

July  1,1878;  amount  expended  during  fiscal  year 3,063  38 

July  1, 1878,  amount  available 1,107  29 

Amount  (estimated)  required  for  completion  of  existing  project 1, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     1, 000  00 
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AyyUAL   REPORT    OF   MAJOR   G.  K.  WARREN,    CORPS   OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1878. 

Enginbeb  Office,  United  States  Army, 

Newport^  R.  J.,  August  3, 1878. 
General  :  I  have  the  honor  to  submit  the  annual  reiwrts  of  improve- 
ments of  rivers  and  harbors  under  my  charge  during  the  fiscal  year  end- 
ing June  30,  1878. 

Yery  respectfully, 

G.  K.  Warren, 
Major  of  Engineers  and  Bvt.  Maj,  Oetu,  U.  S.  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  8.  A. 


Bi. 

IMPROVEMENT  OF  HYANNIS  HARBOR,  MASSACHUSETTS. 

Hyanois  is  situated  on  the  south  side  of  Cape  Cod,  on  Nantucket  Sound. 
Hyannis  Harbor  is  the  sheltered  area  between  the  breakwatex  and  the 
shore. 

This  breakwater  is  about  1,170  feet  long,  with  a  depth  of  12  feet  at 
mean  low- water  between  it  and  the  shore.  It  was  begun  in»1828  and 
continued  with  few  interruptions  until  1837,  $70,931.82  having  been  ex- 
pended upon  it.     In  1853  $5,000  was  expended  in  repairing  the  east  end. 

Since  1870  $37,000  has  been  expended  in  rebuilding  the  part  above 
water  and  increasing  the  width  of  the  part  below  low-water. 

Nothing  lias  been  done  on  the  breakwater  at  this  place  during  the 
fiscal  year. 

An  appropriation  of  $3,000  was  made  by  act  of  Congress  approved. 
Jane  18,  1878,  for  continuing  the  improvement.  With  this  amount  it  is 
proi)osed  to  strengthen  the  breakwater  by  putting  riprap  granite  about 
its  base,  so  as  to  increase  the  slope  to  one  on  two  on  the  seaward  side, 
and  one  on  one  on  the  shore  side. 

A  history  of  this  work  was  given  in  the  Annual  Report  of  the  Chief 
of  Engineers  for  1875,  part  2,  pp.  266-268. 

The  amount  then  estimated  as  required  to  complete  the  work  was 
110,000.  This  amoiuit  less  the  apiount  appropriated  this  year  is  needed 
to  give  the  work  the  required  width  of  base. 

1  woidd  call  attention  to  the  importance  of  putting  a  light-house  on 
the  east  end  of  the  breakwater  instead  of  the  present  one  on  the  shore.. 

Hyaanis  is  iii  the  Barnstable  collection  diBtrict.  Barnstable  is  the  nearest  port  of 
entT}-.  The  amount  of  revenue  collected  there  during  the  fiscal  year  ending  June  30, 
Itffti  is  not  known  to  this  office. 

15  B 
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Money  statement 

Jnly  1,  1877,  amount  available $42  94     -^ 

Amount  appropriated  by  act  approved  June  18,  1878 3, 000  00 

$3, 042  94 

July  1,  1878,  amount  expended  during  flBcal  year 42  94 

Julyl,  1878,  amount  available 3,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 7, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    7, 000  00 


B   2. 

IMPROVEMENT  OF  WAREHAM  HARBOR,  MASSACHUSETTS. 

This  harbor  is  an  estuary  joining  Buzzard's  Bay  near  its  upper  or 
northern  end.  The  part  improved  by  the  general  government  extends 
from  Wareham,  where  it  is  (jrossed  by  a  railway  and  a  highway  bridge, 
neither  of  which  has  draws,  to  Buzzard's  Bay,  a  distance  of  2  miles.  The 
improvement  of  this  harbor,  which  was  completed  in  1876,  was  to  make 
a  channel  9  feet  deep  at  mean  low-water,  and  from  100  to  300  feet  wide 
in  the  upper  part  of  the  harbor,  and  10  feet  deep  and  from  250  to  300  feet 
wide  in  the  lower  part  of  the  harbor.  The  mean  rise  of  the  tide  is  4  feet. 
The  depth  before  the  improvement  commenced  was  7  J  feet  at  mean  low- 
water,  in  a  narrow  and  crooked  channel. 

A  history  of  the  improvement  may  be  found  in  Annual  Eeport  of  the 
Chief  of  Engineers  for  1877,  Part  1,  pp.  194-106.  The  work  done 
under  the  last  two  appropriations  was  at  a  much  less  price  than  esti- 
mated, so  that  we  had  about  $2,000  remaining  on  hand  when  the  improve- 
ment was  completed.  With  this  amount  it  was  deemed  best  to  build  a 
"  sand-catcher"  along  Long  Beach  t/O  arrest  the  sand  carried  over  it  by 
the  waves  in  storms  into  the  harbor.  This  work  was  commenced  last 
season  ahd  will  be  completed  in  this  season. 

No  further  appropriation  is  needed  unless  a  greater  depth  is  required 
than  when  the  plan  was  adopted. 

Wareham  is  a  port  of  delivery.  It  is  in  the  New  Bedford  coUection  district,  and  New 
Bedford  is  the  nearest  port  of  entry.  Tlie  amount  of  revenue  collected  there  during 
the  fiscal  year  ending  June  30,  1878,  was  |23,762.33. 


Money  statement 

luring  fiscal  year 

.July  1,  1878,  amount  available 904  36 


July  1,  1877,  amount  available $2,057  74 

July  1,  1878,  amount  expended  during  fiscal  year 1, 153  38 


B3. 

IMPROVEMENT  OF  NEW  BEDFORD  HARBOR,  MASSACHUSETTS. 

This  harbor  is  an  arm  of  Buzzard's  Bay  on  its  north  shore,  and  receives 
the  waters  of  the  Acushnet  River.  It  is  the  terminus  of  Uie  New  Bed- 
ford division  of  the  Boston,  Clinton  and  Pitchburg  Railroad,  by  means 
of  which  it  has  become  a  large  distributing  point  for  anthracite  coal. 
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There  are  also  large  manufacturing  establishments,  and  it  has  the  largest 
whale-iishing  fleets  of  any  port  on  our  coast.  The  poi)ulation  of  New 
Bedford  and  Fair  Haven  opposite  it  is  about  25,000. 

A  survey  was  made  by  authority  of  Congress  in  1874,  a  report  of  which 
is  printed  in  the  Annual  Report  for  1875,  Part  2,  pp.  283-287.  The 
project  submitted  was  to  make  a  channel  200  feet  wide  and  15  feet  deep 
at  mean  low-w^ater,  from  the  deep  water  in  front  of  Fair  Haven  to  the 
wharves  at  New  Bedford  across  the  shoals,  where  the  ruling  depth  be- 
fore was  12J  feet  at  mean  low- water.  The  mean  rise  of  the  tide  is  3.7 
feet. 

The  depth  of  15  feet  wa«  adopted  here  because  that  was  about  all  that 
vessels  could  carry  over  the  shoals  before  reaching  Fair  Haven. 

The  amount  estimated  to  complete  the  work  was  $24,000. 

An  appropriation  of  $10,000  was  made  by  act  approved  March  3, 1875. 
Contract  with  the  lowest  bidder,  the  Atlantic  Dredging  Company,  for 
17  J  cents  per  cubic  yard,  made  a  channel  15  feet  deep  and  105  feet  wide. 
The  line  of  it  is  straight  from  deep  water  at  Fair  Haven  to  Commercial 
Wharf,  New  Bedford,  the  first  location  being  a  little  changed  to  secure 
better  ranges  for  sheering. 

Another  api)ropriation  of  $10,000  was  made  by  act  approved  August 
14,  1876,  but  the  work  was  not  authorized  until  the  following  April.  A 
contract  was  made  with  Mr.  W.  H.  Moltlirop  (Monis  F.  Brainard  doing 
the  work),  the  lowest  bidder,  at  lOJ  cents  per  cubic  yard.  The  low 
price  caused  delays  in  executing  the  contract,  and  the  time  had  to  be 
extended  to  June  30,  1877. 

ITie  law  price  not  only  enabled  us  to  complete  the  channel  to  the  width 
first  planned,  but  to  increase  it  to  a  width  of  300  feet,  and  to  extend  it 
nearly  1,000  feet  farther  up  the  harbor  along  the  harbor-line  in  front  of 
the  wharves  occupied  by  the  whalers,  and  to  the  channel  leading  to  the 
basin  above  the  bridge. 

The  Reading  Railroad  Company  have  done  considerable  dredging  from 
this  new  chaimel  to  their  wharves. 

The  material  dredged  by  the  government  was  first  dumped  in  Clarke's 
Cove,  afterward  east  of  Egg  Islands,  both  places  entirely  out  of  the  harbor. 

Xo  appropriation  was  asked  for  the  fiscal  year  ending  June  30,  1879. 
Xone  is  asked  for  the  succeeding  fiscal  year,  as  the  improvement,  as  far 
as  authorized,  is  completed. 

The  operations  in  the  last  fiscal  year  were  superintended  by  Mr.  H.  A. 
Bentlejy  assistant  engineer. 


Money  statement 

Luring  fiscal  year 

Jnly  1,  1878,  amount  available 801  82 


July  1,  1877,  amoimt  available   $9,654  60 

July  1,  1878,  amount  expended  during  fiscal  year 8,852  78 


B4. 
IMPROVEMENT  OP  FALL  RIVER  HARBOR,  MASSACHUSETTS. 

Fall  River,  the  largest  cotton-manufacturing  town  in  the  United 
States,  is  situated  on  Mount  Hope  Bay,  an  arm  of  I^arragansett  Bay. 
Fall  River  Harbor  is  that  part  of  the  bay  in  front  of  the  town.  The 
part  improved  by  the  general  government  lies  between  the  Rodman 
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wharf  and  the  wharf  used  by  the  steamers  rmming  to  Providence,  a  dis- 
tance of  about  1,500  feet.  The  improvement  sought  was  a  channel  12 
feet  deep  and  100  feet  wide  at  the  narrowest  part,  at  mean  k>w  water, 
where  the  depth  was  from  6  to  12  feet.  The  mean  rise  of  tide  is  4.7 
feet.  The  harbor  was  surveyed  in  September,  1873,  and  a  report  with 
plan  and  estimates  submitted  by  me  December  31, 1873,  and  printed  in 
Annual  lieport  of  the  Chief  of  Engineers  for  1874,  Part  2,  pp.  284-286. 

The  amount  estimated  as  necessary  to  complete  the  improvement  as 
designed  was  $45,000. 

By  act  of  Congress  approved  June  23, 1874,  $10,000  was  appropriated 
for  this  work.  With  this  amount  ihe  lK>wlders  lying  on  the  surface 
were  removed  by  contract,  at  the  rate  of  $3.50  per  ton.  The  amount  re- 
moved under  this  contract  was  1,047|  tons  of  bowlders,  and  364  tons  of 
gravel  and  small  l)owlders.  An  additional  appropriation  of  $10,000  was 
made  by  act  of  Congress  apiwoved  March  3, 1875.  This,  with  the  unex- 
pended funds  of  the  previous  appix)priation,  was  expended  in  removing, 
by  contract,  21,222.19  cubic  yanls  of  material,  including  bowlders  of 
2  cubic  yards  and  less,  at  48  cents  per  cubic  yard,  and  136.53  cubic 
yards  of  bowlders  over  that  size. 

By  act  of  Congress  approved  August  14,  1876,  $10,000  was  appropri- 
ated for  this  work.  Tliis  was  expended,  by  contract,  during  the  piesent 
fiscal  year,  in  removing  12,857J  cubic  yards  of  material,  including  bowl- 
ders of  1  cubic  yard,  at  55  cents  per  cubic  yard,  and  176.34  cubic  yards 
of  bowlders  over  1  cubic  yard  in  size,  at  $8.40  lier  yard. 

The  low  prices  at  which  the  dredging  was  done  enabled  us  to  make  a 
channel  160  feet  wide  and  12  feet  deep,  witti  an  additional  widtli  of  100 
feet  11  feet  deep  at  mean  low- water,  with  the  $30,000  appropriated.  The 
origmal  estimat.e  was  $45,000  for  a  channel  100  feet  wide.  The  cost  of 
dr^ging  was  estimated  at  $1  per  cubic  yard ;  it  was  done  at  48  and  55 
cents. 

The  improvement  is  now  completed  with  a  channel  of  the  d^th  sought 
and  an  increased  width. 

This  improvement  is  in  the  FaU  River  ooUection  district,  and  FaU  River  is  the  port 
of  entry.    The  amount  of  revenue  ooUected  there  during  the  fiscal  year  ending  June 

30,  1878,  is  $18,970.05. 

The  work  during  the  past  year  has  l)een  under  the  superintendence  of 
Mr.  H.  A.  Bentley,  assistant  engineer.  In  November  and  December, 
1875,  while  the  improvement  wa«  bemg  prosecuted,  tidal  observations 
for  a  lunation  were  made  in  order  to  establish  a  mean  low-water  plane, 
and  determine  the  rise  and  fall  of  tide.  The  following  is  a  table  of  these 
observations: 


Date. 

High- 
water. 

Low- 
water. 

Date. 

ffigh. 

water. 

Low. 

water. 

1875. 
November  9 

Feet 
&3 
6u7 
7.0 
7.1 
7.4 
7.5 
7.2 
6.8 
&1 
5.6 
&4 
6.6 

Feet 
2.4 
2.0 
1.8 
L4 
1.0 
1.4 
LO 
Ld 
L5 
2.1 
2.0 
2.6 

1875. 
November  24 .* 

Feet 
5.9 
&9 
6.8 
7.0 
6.2 
6.7 
6.4 
6.2 
6.5 
6.4 
6.6 

Feet, 
2.7 

10 

26               .     .. 

2.4 

11 

27 

2.0 

12 

29 

1-9 

13 

30     . 

L7 

15 

December    1 

2.0 

16 

2 

2.3 

17 

8 

2.7 

18 

4 

2,2 

20 

6 

2.4 

22 

7 

2. 1 

23    .            

Mean  riae  and  fiJl  4.7  feet.  Mean  low.wat«r  is  referred  to  a  bench-mark,  which  is  the  top  of  the 
foundation-stone  at  the  northwevt  corner  of  Haasasoit  Flour  Mill.  It  is  9  feet  7  inches  above  mean  low- 
water.    4*P^  arrow  cut  in  the  stone  points  to  the  mark. 
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Money  statement 

Jnly  1, 1877,  amount  available |10,256  47 

July  1,  1878,  amount  expended  during  fiscal  year 10,256  47 


B5- 

IMPROVEMENT  OF  TAUNTON  RIVER.  MASSACHUSETTS. 

This  estuary,  or  so  much  of  it  as  has  been  improved  by  the  general 
goveniment,  extends  from  Weir  to  Dightou,  a  distance  of  about  6  miles, 
where  it  joins  or  widens  out  into  a  bay.  The  name  Taunton  Kiver  is, 
however,  sometiines  applied  to  this  estuary  as  far  down  as  Fall  Kiver, 
7J  miles  below.  At  Weir  it  is  spanned  by  a  drawbridge  with  two  open- 
ing's of  about  40  feet  each.  At  low- water  the  river  is  in  many  places  less 
than  100  feet  in  width,  and  before  dredging  there  was  not  'more  tlian  1 
foot  de]>tli  in  the  shoalest  places.  The  mean  rise  and  fall  of  tide  at 
Dighton  is  5.28  feet;  at  Weir  since  the  improvement,  3.41  feet;  before 
any  iniproveuients  were  made,  it  was  probably  not  greater  than  2J  feet 
at  the  latter  place;  but  the  exact  range  then  is 'not  known. 

The  improvement  sought  at  first  was  to  get  small  sailing- ve^jsels  up  to 
Weir.    In  1852  a  8ur\'ey  was  made  by  Lieutenant  Kosecrans,  and  in 
December,  1853,  an  estimate  for  a  channel  00  feet  wide  and  4  feet  deep 
at  mean  low-water  was  submitted  by  Capt.    George  Dutton,  United 
States*  Engineers.    In  March,  1870,  Capt.  J.  A.  Smith,  United  States 
Engineers,  in  a  report  upon  this  improvement,  estimated  for  a  channel 
of  the  same  dimensions  as  that  of  Captaui  Dutton.    An  appropriation 
of  $10,000  was  made  by  Congress  July  11, 1870,  and  another  appropria- 
tion of  $10,000  by  act  approved  March  3,  1871.    These  amounts  were 
exi)ended  in  dre<lging  a  channel  through  the  "  Needles."    On  the  com- 
pletion of  this  dredging  General  Thom,  United  States  Enguieers,  had  a 
survey  made,  and  from  this  survey  made  an  estimate  of  the  amount  of 
material  to  be  removed  to  secure  a  channel  9  feet  deep  at  mean  high- 
water  up  to  Weir.    The  amount  estimated  as  necessary  to  be  removed 
was  31,000  cubic  yards,  or  about  twice  as  much  as  for  the  improvement 
of  Captain  Dutton  in  1853  and  Captain  Smith  in  1870. 

It  will  be  observed  that  the  depth  sought  in  General  Thom's  plan  was 
^  feet  at  high-water,  while  that  estimated  for  by  Captains  Dutton  and 
Smitli  wa«  4  feet  at  mean  low- water.  This  A^ith  the  mean  rise  of  ab<mt 
3J  feet  at  Weir  would  give  a  draught  of  about  7  J  feet  at  mean  high- 
water. 

At  the  time  the  first  estimates  were  made  only  small  sailing-vessels 
a**cended  the  riVer  at  high-water,  and  the  smallest  of  these  only  went 
above  the  obstructions  at  the  "  Needles,"  the  others  unloading  below.  As 
S4ion  as  the  channel  was  dredged  through  the  "  Needles,"  larger  vessels 
were  employed  and  tugs  used  to  tow  them  up  and  down  the  river. 

Tliis  work  was  transferred  to  my  charge  July  1, 1872.  The  appropri- 
ation of  $10,000  made  by  act  approved  June  10,  1872,  was  expended  by 
^^  in  dredging  a  channel  through  Burt's  Shoal  and  Pond's  Rocks  Shoal, 
^  feet  wideband  4^  to  5  feet  deep  at  mean  low- water,  in  aecordance  with 
the  plan  submitted  by  General  Thom.  Surveys  were  made  during  the 
^'^'ason  of  the  slioals  not  before  surveyed.  A  set  of  observations  were 
^"^e  to  establish  the  low  and  high  water  planes  from  Dighton  to  Weir. 
Tb6  aj)propriations  of  $10,000  made  by  aet  approved  March  3,  1873,  and 
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$10,000  by  act  approved  June  23, 1874,  were  expended  in  dredging  and 
removing  bowlders.  In  April,  1873,  a  survey  was  made  of  the  channels 
dredged,  of  the  shoal  above  Berkley  Bridge,  of  the  obstructions  at 
the  "  Nook,"  at  Peter's  Point,  and  of  Cobb's  Shoal  at  Dighton.  No  de- 
tailed examuiations  had  been  made  at  these  points,  and  only  approxi- 
mate estimates  for  the  removal  of  the  obstructions. 

As  before  stated,  vessels  are  almost  invariably  towed  up  and  down 
this  river.  The  tugs  with  their  vessels  and  scows  start  from  Dighton 
on  the  flood-tide  as  soon  as  they  can  cross  the  rocks  and  shoals  in  that 
part  of  the  river,  in  order  to  reach  Weir  by  or  before  high- water,  and 
that  a  new  tow  can  be  formed  to  take  down  the  river  on  the  first  of  the 
ebb. 

If  any  delay  occurs  in  taking  the  tow  up  so  that  they  cannot  leave 
Weir  until  after  ebb  has  commenced^  they  will  not  reach  the  obstruc- 
tions at  and  near  Dighton  until  the  tide  has  fallen  2  feet.  Here,  then, 
under  these  circumstances,  we  would  not  have  secured  a  9-foot  draught 
for  vessels  by  making  9  feet  depth  at  mean  high-water.  To  do  this  it 
was  determined  to  make  in  the  work  below  the  "  Needles  "  10  feet  depth 
at  mean  high-water. 

With  the  $10,000  appropriated  by  act  approved  March  3, 1875,  a  chan- 
nel 10  feet  deep  at  mean  Jiigh-water  was  dredged  through  Cobb's  Shoal 
at  Dighton,  and  of  the  same  depth  at  Wikamount,  and  bowlders  re- 
moved from  the  "  Nook,"  and  the  i)oint  of  the  ledge  extending  into  the 
channel-way  at  Peter's  Point.  This  completed  the  improvement  de- 
signed to  allow  vessels  of  9-feet  draught  to  ascend  to  Weir  at  time  of 
mean  high-water,  except  the  shoal  at  Berkley  Bridge  and  some  bowl- 
ders scattered  along  the  channel  and  in  sharp  bends. 

To  do  this  it  was  estimated  $5,000  would  be  required.  With  9  feet 
secured  in  this  river,  except  on  the  sand  shoal  at  Berkley  Bridge,  which 
lacks  but  a  few  inches  of  the  required  depth,  vessels  and  barges  have 
been  emjiloyed  drawing  nearly  or  quite  this  depth,  and  as  the  tugs  start 
with  them  at  Dighton  before  high-water  they  strike  at  Berkley  Bridge 
Shoal,  and  often  at  new  shoals  and  bowlders  above,  which  probably 
have  9  feet  at  mean  high- water,  but  not  at  any  lower  stage  of  the  tide. 

The  barges  used  here  are  very  long,  and  frecpiently  in  making  tbe 
short  turns  strike  both  banks  of  the  channel. 

The  bowlders  are  dangerous  obstructions,  and  with  the  $2,000  appro- 
priated by  act  of  Congress  approved  Jiuie  18,  1878,  it  is  i)roposed  to  re- 
move them  as  far  as  the  funds  will  pay  for.  The  removal  of  Berkley 
Slioal  to  10  feet  depth  at  mean  high-water  would  allow  vessels  to  go 
further  up  before  striking,  but  it  is  deemed  best  to  leave  this  as  a  limit- 
ing depth  and  use  the  available  funds  in  removing  bowlders  to  give  in- 
creased depth  and  T\idth.  The  improvement  of  this  river  will  be  sub- 
stantially completed,  as  designed,  to  give  9  feet  draught  with  the 
expenditure  of  $5,000,  estimated  for  by  me  in  Annual  Report  of  Chief 
of  tlngineers  for  1870^  Part  1,  x)ages  205,  200.  This  will  recpiirean  ap- 
propriation of  $3,000  in  addition  to  the  amount  now  available,  which  is 
asked  for  the  fiscal  year  ending  June  30, 1880. 

A  larger  channel  would  be  desirable,  and  no  doubt  will  be  asked  for, 
but,  with  the  completion  of  the  improvement  as  originally  designed,  1 
do  not  feel  authorized  to  estimate  for  anything  more. 

Tauuton  River  w  in  the  Fall  River  coUection-district.  The  amoiiut  of  revenue  col- 
lected during  the  fiscal  year  ending  June  30,  1878,  was  $18,970.05, 
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Money  statement 

Jnlyl,  1877,  amount  available flOO  93 

Amoant  appropriated  bv  act  approved  June  18,  1878 2, 000  00 

|2, 100  93 

Jaly  1,  1878,  amount  expended  during  fiscal  year 1(X)  93 

Jnlyl,  1878,  amount  available 2,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 3,  (XK)  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  Jime  30, 1880  3,  000  00 


B  6. 
IMPROVEMENT  OF  PAWTUCKET  OB  SEEKONK  RIVER,  RHODE  ISLAND. 

No  work  has  been  done  in  this  river  during  the  past  fiscal  year.  Tlie 
lemaiuder  of  the  last  appropriation  is  reserved  to  deepen  certain  shoals 
which  are  reforming,  or  for  the  removal  of  any  accidental  obstniction. 

For  a  history  of  this  work  see  Annual  Reports  of  the  Chief  of  Engi- 
neers for  1874,'  Part  2,  page  227;  and  for  1876,  Part  1,  page  207. 

Pawtiicket  River  is  in  the  Providence  collection  district,  and  that  place  is  the  nearest 
port  of  entry.  The  amonnt  of  revenue  collected  there  during  the  iiscal  year  eudiug 
June  30,  1878,  was  |171,553.79. 

Money  state^nent. 

Jnly  1, 1877,  amonnt  available fl,  511  28 

July  1,  1878,  amonnt  expended  during  fiscal  year 127  75 

July  1,  1878,  amount  available 1,383  53 


B  7. 

IMPROVEMENT  OF  PROVIDENCE  RIVER  AND  NARRAGANSETT  BAY,  RHODE 

ISLAND. 

Providence  River  is  an  estuary  extending  fix)m  !N'ayat  Point,  Narra- 
gausett  Bay,  to  Providence.  Its  length  is  about  7  miles,  with  a  width 
varying  from  1,000  feet  to  2  miles,  and  a  depth  from  12  to  50  feet  at  mean 
low-water.  At  its  head  this  estuary  is  joined  by  another  called  the  See- 
konk  or  Pawtucket,  extending  4  miles  further  to  the  town  of  Pawtucket. 
Providence  has  upward  of  100,000  inhabitants,  with  large  manufactu- 
ring and  commercial  industries.  The  legislature  of  the  State  has  estab- 
lished harbor  lines  as  far  down  as  Field's  Point,  about  5 J  miles  above 
^ayat  Point.  The  parts  above  Field's  Point  are  called  Providence  Har- 
^r.  From  Providence  to  tlie  sea  is  about  28  miles,  with  ample  width 
and  depth  below  Nayat  Point  for  the  movement  or  anchorage  of  any 
number  of  the  largest  vessels. 

The  improvement  sought  is  for  a  channel — 

23  feet  deep  at  mean  low- water,  150  feet  wide. 
20  feet  deep  at  mean  low- water,  600  feet  wide, 
is  feet  deep  at  mean  low-water,  725  ftM^t  wide. 
12  feet  deeji  at  mean  low-water,  940  feet  wide. 
6  feet  deep  at  mean  low-water,  1,060  feet  wide. 

The  general  government  has  expended  about  $56,500  in  the  improve- 
meut  of  tins  harbor  between  Fox  Point  and  Field's  Point,  making  a  depth 
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of  12  feet  at  mean  low-wat-er.  In  addition  to  this  amount  the  city  of 
Providence  has  expended  upward  of  $90,000  in  dredging  the  harbor, 
mainly  above  Fox  Point. 

Under  date  of  February  18, 1878, 1  made  a  report  in  regard  to  the  im- 
provement of  Providence  Harbor  and  the  channels  of  approach  to  it. 
This  report  was  printed  as  Sen.  Ex.  Doc.  'So.  34,  Forty-fifth  Congress, 
second  session,  and  is  part  of  this  report. 

By  act  of  Congress  approved  June  18, 1878,  $50,000  was  appropriated 
for  the  improvement  of  this  river  and  bay.  This  it  is  proposed  to  expend 
in  dredging  a  channel  23  feet  deep  in  the  shoalest  part  of  the  present 
channel,  the  work  to  be  done  by  contract  after  advertising  in  the  usual 
manner.  By  the  same  act  of  Congress  $5,000  was  appropriated  for  the 
removal  of  Bulkhead  Bock.  This  rock  is  on  the  side  of  the  deep  channel 
of  the  river,  about  2^  miles  below  Fox  Point.  It  lies  in  the  path  of  ves- 
sels beating  in  or  out  of  the  river  and  should  be  removed.  In  my  former 
reports  upon  this  obstruction  I  have  estimated  for  its  removal  to  a  depth 
of  18  feet  at  mean  low-water,  at  a  cost  of  $5,000.  At  that  time  18  feet 
was  the  governing  depth,  but  with  the  depths  of  the  proposed  channel 
this  shoidd  be  removed  down  level  with  the  bottom,  about  20  feet  at 
mean  low- water.  To  do  this  will  probably  cost  $10,000,  and  as  it  can  be 
done  cheaper  by  making  the  depth  required  at  once,  it  is  thought  advis- 
able to  reserve  the  present  amount  until  another  appropriation  for  the 
river  is  made,  when  the  work  can  all  be  done  at  once. 

Providence  is  in  the  Providence  collection  district,  and  that  place  is  a  port  of  entry. 
The  amount  of  revenue  collected  th^re  during  the  fiscal  year  ending  June  30,  1878,  in 
1171,553.79. 

Money  statement. 

Improvement  of  Providence  River  and  Narra^anaett  Bay, 

Amount  appropriated  hy  act  approved  June  18,  1878 $50,  000  00 

July  1,  1878,  amount  available 50,  000  00 

Amount  (estimated)  required  for  completion  of  existing:  project 450,  000  00 

Amount  t  h  at  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     100, 000  00 

Improvement  of  Providence  River — removal  of  Bulkhead  Rock. 

July  1,  1877,  amount  available f74  98 

Amount  appropriated  by  act  approved  June  18,  1878 5,  000  00 

5,074  98 
July  1,  1878,  amount  expended  during  fiscal  year 74  98 

July  1,  1878,  amount  available 5,000  00 


special,  report  on  improvemisnt  of  providence  river  and  nar- 
ragansett  bay,  rhode  island.* 

Office  of  the  Chlef  of  Engineers, 

Washington^  J).  C,  February  25,  1878. 
Sir  :  I  beg  leave  respectfully  to  return  herewith  the  resolution  of  the 
Senate  of  the  United  States  of  the  .3l8t  January  last — 

That  the  Secretary  of  War  be  directed  to  fumish  to  the  Senate  any  information  in 
his  department  relative  to  the  improvement  of  Providence  River  and  Narragausett 
Bay,  with  an  CHtimate  of  the  cost  of  such  improvement, 

*  Printed  as  Sen.  Ex.  Doc.  34,  Forty-fifth  Congress,  second  session. 
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And,  in  obedience  to  its  requirements,  to  submit  the  inclosed  copy  of 
a  report  on  the  subject  from  Maj.  G.  K.  Warren,  Corps  of  Engineers,  to 
whom  it  was  referred.  This  I'eport  is  very  full,  and  conveys  all  the  in- 
formation contemplated  by  the  re^lution. 

It  will  be  seen  that  the  improvement  which,  in  the  opinion  of  the  har- 
bor commissioners  of  the  State  of  Khode  Island,  is  demanded  by  the 
interests  of  commerce,  consists  in  makiog  a  channel  of  23  feet  in  depth 
at  mean  low- water  firom  Providence  to  the  sea,  and  they  estimate  that 
the  whole  amount  of  dredging  required  for  this  purpose  will  be  about 
3,501,640  cubic  yards,  at  a  cost  of  $500,234.29.  In  this  estimate  no 
allowance  for  rock-excavation  is  made,  though  it  will  in  aU  probability 
be  in  some  places  required. 

The  order  in  which  the  work  of  improvement  should  be  executed  is, 
in  Major  Warren's  opinion,  first,  to  make  the  deep  channel  for  ocean 
steaniers  fix)m  Pro\idence  to  the  sea ;  then  to  proceed  with  the  work  of 
widening  the  channel,  &c. 

The  cost  of  this  deep  channel  he  estimates  at  $100,000,  and  deems  it 
to  l)e  in  the  interest  of  economy  to  appropriate  the  whole  sum  at  once. 

I  concur  in  Major  Warren's  views. 

Very  resi>ectfully,  your  obedient  servant, 

A.  A.  HUMPHBEYS, 

Brigadier-Oeneral  and  Chief  of  Engineers. 
Hon.  Geo.  TT.  McCeaby, 

Secretary  of  War, 


KEPOBT. 


Engineeb  Office,  United  States  Abmy, 

Keipportj  R,  J.,  February  18,  1878. 
•  General  :  I  have  the  honor  to  submit  the  following  report  in  obedi- 
ence to  yoiu"  letter  of  instructions,  of  February  2,  transmitting  a  copy  of 
tbe  resolution  of  the  United  States  Senate,  made  on  January  31,  and 
al>*o  in  obedience  to  your  letter  of  February  7,  transmitting  a  resolution 
of  the  United  States  House  of  Representatives,  passed  on  February  5, 
both  in  reg-ard  to  the  improvement  of  Pro\adence  Harbor,  Rhode  Island, 
and  the  channels  of  approach  to  it. 

The  House  resolution  requires  a  report  "  based  on  examinations  and 
surveys  made  by  the  Coast  Survey  or  other  departments  of  the  govern- 
ment," which,  as  far  as  I  know,  are  as  follows : 

In  the  year  1872,  under  an  act  of  Congress,  I  made  a  survey  from  Fox 
Point  to  Field's  Point  Jsee  Annual  Report  of  Chief  of  Engineers  for 
1873,  page  969),  and  estimated  the  cost  of  dredging  off  the  i)oint  of  Long 
Bed,  for  which  $10,000  was  appropriated,  and  the  point  dredged  off  in 
the  summer  of  1873, 

In  1874  the  United  States  Coast  Survey  made  a  new  survey  which  also 
eovere<l  this  portion  of  the  harbor,  and  a  copy  of  the  map  was  ftirnished 
the  Rhode  Island  Board  of  Harlwr  Commissioners,  which  copy  I  have 
consulted.  There  is  as  close  agreement  in  the  result  of  the  two  surveys 
as  eould  be  expected,  so  that,  as  a  basis  for  an  estimate  of  quantity  "of 
material  to  be  reinove<l  in  this  part,  nothing  more  is  desired.  Tliere  is 
some  nncertamty  as  to  the  amount  of  rock  that  may  be  encountered,  but 
tliis  cannot  be  definitely  determined  except  as  the  dredging  is  being 
carried  on. 

During  the  past  summer,  upon  application  of  the  governor  of  Ehode 
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Island,  the  President  of  the  United  States  appointed  Eear-Admiral 
Daniel  Ammen,  chief  of  the  Bureau  of  !N'avigation,  United  States  Navy? 
Prof.  Henry  Mitchell,  United  States  Coast  Survey,  and  myself,  members 
of  an  advisory  council  to  the  Board  of  Harbor  Commissioners  of  Ehode 
Island,  and  this  council  had  several  meetings  with  the  Harbor  Commis- 
sioners to  consider  the  improvement  of  Providence  River  and  Harbor. 
The  harbor  proper  is  taken  to  comprise  the  part  between  Fox  Point  and 
Field's  Point,  a  distance  of  about  8,800  feet.  Through  about  2,800  feet 
of  this  there  is  ample  channel-depth.  Through  the  other  6,000  feet  the 
depth,  in  places,  shoals  to  14  and  15  feet,  and  at  the  upper  end  to  12  feet 
at  mean  low-water.  This  limits  the  size  of  the  vessels  that  can  reach 
the  present  wharves.  The  mean  rise  of  the  tide  is  about  4J  feet.  In 
regard  to  the  improvement  of  this  portion  the  Advisory  Council  give  the 
foUowing  opinion  to  the  Harbor  Commissioners : 

In  a  port  like  Providence,  employed  for  miscellaneous  commerce,  the  greatest  good 
to  the  irreatest  numher  is  to  be  secured  by  a  channel  of  18  feet  depth  at  low  tide.  In 
order,  however,  not  to  exclude  vessels  of  greater  draught,  we  recommend  that  the 
channel  should  have  a  central  pathway  of  23  feet  depth,  150  feet  wide. 

The  form  of  channel  that  would  meet  these  requirements  and  have  the  most  permar 
nent  slopes,  would  have  the  following  widths,  naturally,  between  its  contours  in  light 
alluvium : 

23  feet  depth,  150  feet  wide. 

20  feet  depth,  600  feet  wide. 

18  feet  depth,  725  feet  wide. 

12  feet  depth,  940  feet  wide. 
6  feet  depth,  1,060  feet  wide. 

We  recommend  that  this  channel  should  be  carried  from  the  city  to  Field's  Point, 
following  generally  the  present  channel  below  Fox  Point ;  and  using  the  above  table 
as  a  guide  as  far  as  possible  for  computing  the  amount  of  material  to  be  removed  (and 
not  as  a  convenient  plan  of  dredging),  we  iind  from  the  oiigiual  hydrographic  sheet 
of  the  Coast  Survey  (1326  A),  executed  in  1874,  that  the  uecessaiy  dredging  would  then 
have  been  two  and  one-nuarter  millions  of  cubic  yards,  bank  measurement. 

The  average  length  oi  vessels  likely  to  seek  this  harbor,  if  improved,  may  be  set- 
down  at  150  feet,  and  these,  with  average  draught  of  18  feet,  would  require  54  feet  of 
cable,  giving  her  radius  of  swing  room  202  feet.  These  vessels,  anchored  most  carefully 
on  both  sides  of  the  channel  proposed,  would  leave  321  feet  gangway  for  the  passage 
of  other  vessels.  If  anchorea  with  only  the  ordinary  care  (l)ut  still  under  sujiervision 
of  a  harl>or-master)  the  width  of  the  gangway  would  sometimes  not  exceed  150  feet. 
It  is  assumed  that  so  few  vessels  of  extraordinary  draught  would  be  in  port  at  tlie  same 
time  that  the  harbor-master  could  so  arrange  them  as  to  avoid  having  any  two  of 
them  in  the  same  section.  It  is  proper  to  regard  the  vessels  as  lying  transversely  to 
the  direction  of  the  channel,  because  during  the  seascm  when  the  largest  fleet  visita 
this  port  winds  from  the  west-southwest  and  southwest  prevail. 

In  providing  for  anchorag(i-room  on  either  side  of  the  gangway  rather  than  excavat- 
ing a  s]>ecial  basin  for  anchorage,  it  has  l>een  borne  in  mind  that  the  whole  channel  in 
the  absence  of  vessels  at  anchor  will  be  useful  for  tbe  passage  of  vessels  under  sail,  and 
that  this  channel  traversed  by  tidal  currents  will  be  less  likely  to  freeze  up  than  a 
sheltered  basin,  or  more  easily  broken  out  when  frozen. 

The  Harbor  Commissioners  have  also  made  an  estimate  of  the  amount 
of  material  to  be  removed  to  make  a  channel  23  feet  deep  at  mean  low- 
water,  and  400  feet  wide,  mth  an  additional  width  eaeh  side  of  200  feet, 
gradually  foaling  up  to  a  depth  of  10  feet  at  mean  low-water.  The 
amount  is  1,421,720  cubic  yards.  But  in  their  communication  to  me 
dated  February  8,  transmitted  herewith,  they  adopt  the  plan  and  esti- 
mate of  the  Advisory  Council. 

In  order  to  secure  the  depth  of  23  feet  at  mean  low- water  below  Field's 
Point,  dredging  must  be  done  at  Pawtuxet  Shoal  and  at  Gkispee  Shoal. 

The  Har^r  Commissioners'  estimate  for  the  amount  to  be  removed  at 
these  two  places,  is  upon  the  design  to  make  the  channel  23  feet  deep 
and  400  feet  wide  and  200  feet  eaeh  side,  shoaling  up  to  10  feet. 

At  Pawtuxet  Shoal,  cubic  yards 733,686 

At  Gaspee  Shoal,  cubic  yards 46J00O 
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In  order  to  allow  vessels  to  enter  and  leave  Providence  direct  by  the 
western  entrance  to  IN^arraganset  Bay,  drawing  23  feet  at  mean  low-water, 
another  shoal  must  be  removed  just  above  Rocky  Point,  which  the  Har- 
bor Commissioners  estimate  to  amount  to  424,824  cubic  yai*ds.  Vessels 
using  the  middle  entrance  to  Narraganset  Bay,  would  not  have  to  pass 
this  shoal  near  Rocky  Point.  The  foregoing  quantities  are  bank-meas- 
urements; measured  in  scows,  the  quantity  would  be  increased  by  one- 
thiixi. 

To  recapitulate,  we  have  now  the  following  estimates  of  quantities: 

ESTIMATE  OF  ADVISORY  COUNCIL. 

Fox  Point  to  Field's  Point,  cubic  yards,  bank-measurement 2, 250, 000 

Fox  Point  to  Field's  Point,  cubic  yards,  measurement  in  scow 3,  000, 000 

Cost 1428,571 

ESTIMATES  OF  HARBOR  COMMISSIONERS. 

Fox  Point  to  Field's  Point,  cubic  yards 1,421,720 

Pawtuxet  Shoal,  cubic  yards 733,686 

Gaspee  Shoal,  cubic  yards 46,000 

Rocky  Point,  cubic  yards 424, 824 

Total  bank-measuroment 2,626,230 

Total  measurement  in  scow 3, 501, 640 

Co6t  $500,2:J4  29 

No  rock  is  included  in  the  foregoing  estimates,  and  although  some 
will  undoubtedly  have  to  be  removed,  as,  for  instance,  Bulkhe^  Eock, 
this  is  comparatively  a  small  item.  This  improvement,  when  made,  will 
be  permanent. 

The  improvement  desired  will,  at  present  prices,  cost  about  $500,000. 
The  importance  of  doing  this  is  so  well  set  forth  in  the  accompanying 
conimunication  made  to  me  by  the  Board  of  Harbor  Commissioners  that 
I  have  notliing  to  add  on  this  point. 

The  first  improvement  to  be  undertaken  is  to  make  the  deep  channel 
for  ocean-steamers,  from  Providence  to  the  sea,  and  let  the  widening  for 
anchorage  and  for  a  beating-channel  for  sailing-vessels  follow.  For 
making  such  a  channel  200  feet  wide  and  23  feet  deep  at  mean  low-water 
I  have  estimated  would  require : 

From  Fox  Point  to  Field's  Point,  434, 000  cubic  yards,  measured  in  scows. 
At  Pawtuxet  and  Gaspee  Shoal,  175, 000  cubic  yards,  measured  in  scows. 

609, 000  cubic  yards,  measured  in  scows. 

At  $1  for  7  yards,  this  would  cost |87,000 

Add  for  removal  of  rocks  and  superintendence '.  - . .     13, 000 

100,000 

To  cut  through  the  shoal  near  Rocky  Point  200  feet  wide  and  23  feet 
deep  at  mean  low- water  would  require  the  removal  of  300,000  cubic  yards, 
inea8ured  in  the  scows ;  and  inasmuch  as  this  shoal  can  be  avoided  by 
using  the  middle  entrance  to  the  bay,  it  is  not  an  important  obstruction. 
It  now  has  a  nihng  depth  of  18  feet  at  mean  low-water. 

All  the  estimates  below  Field's  Point  are  based  solely  upon  the  United 
States  Coast  Survey  charts,  on  one  of  which,  sent  herewith,  the  proposed 
channel  is  markecL 

If  the  revenue  of  the  government  will  allow  such  an  expenditure  in 
one  year  it  would  be  best  to  appropriate  the  sum  of  $100,000  in  one  year, 
so  that  the  benefit  may  be  at  once  obtained. 

Providence  is  in  the  Providence  collection  district  and  is  a  port  of  entry.  The  reve- 
nue from  customs,  during  the  fiscal  year  ending  June  30,  1876,  was  $182,352.57. 
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The  United  States  in  former  years  has  expended  about  $56,500  on 
improvement  of  this  harbor. 
Very  respectfully, 

G.  K.  Warren, 
Major  of  Engineers^  Brevet  Major-Oeneral^  U.  S.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  JSfigineerSj  U.  8.  A. 


COMMUNICATION  FROM  THE  STATK  BOARD  OF  HARBOR  COMMISSIONERS. 

Sir  :  We  have  received  from  you  a  commmiication,  inclosing  a  resolution  of  the 
House  of  Representatives,  of  which  the  following  are  copies : 

"Engineer  Office,  United  States  Army, 

*'X€iPport,  R.  /.,  February  8,  1878. 

"  Sir  :  I  have  just  received  the  resolution  of  the  House  of  Representatives  of  which 
the  inclosed  is  a  copy.  The  subject  has  been  referred  t^o  me  l>y  the  Chief  of  Engineers, 
United  States  Army,  for  report,  with  directions  to  confer  with  parties  representing  the 
interests  involved."  The  matter,  you  know,  has  already  been  considered  by  us,  so  that 
its  jKiints  are  familiar.  I  wish,  therefore,  you  would  forward  to  me  such  report  from 
your  honorable  Board  as  will  represent  the  question  in  the  light  you  regard  it,  to  aid 
me  in  making  my  report,  and  to  be  transmitted  with  it  to  the  Chief  of  Engineers.  In 
its  regular  course  it  will  probably  be  transmitted  to  Congress  and  printed  for  the  use 
of  the  members  in  passing  upon  the  subject  itself. 
"  Yours,  resT)ectfnllv, 

"G.  K.  Warren, 
"  Major  Engineers f  Bvi.  MaJ,  Oen.,  U.  S.  J. 
"  Mr.  J.  Herbert  Shedd, 

*^  Civil  Engineer,  President  Rhode  Island  Harbor  Commission," 

"  In  the  HorsE  of  Representatives, 

"  February  5,  1878. 
**  On  motion  of  Mr.  Eames, 

*'  Resolved,  That  the  Secretary  of  War  be,  and  he  is  hereby,  directed  to  communi- 
cate to  this  House,  as  soon  as  practicable,  what  improvements,  if  any,  are  demanded 
by  the  interests  of  commerce  for  the  improvement  of  na\'igation  to  the  port  of  I*rovi- 
dence,  Rhode  Island^  based  on  examinations  and  surveys  already  made  by  the  Coast 
Survey  or  other  departments  of  the  government,  together  with  the  estimated  cost  of 
such  improvements." 
In  response  to  your  request  we  respectfully  submit  the  following : 
The  improvement  of  the  navigation  of  this  port  for  w^hich  we  ask,  and  which  we 
consider  to  be  urgently  demanded  by  the  interests  and  for  the  safety  of  commerce, 
would  be  accomplished- 
First.  By  widening  and  deepening  the  main  channel  from  Fox  Point,  above  and  east 
of  which  (on  the  Providence  and  Seekonk  Rivers)  are  our  present  wharves,  to  Field's 
Point,  which  is  at  the  entrance  to  the  inner  harbor  from  >arraganset  Bay.  The  dis- 
tance between  the  two  points  by  the  thread  of  the  channel  is  about  H  nautical  miles. 
There  is  deep  water  at  both  the  upper  and  lower  ends  of  this  distance,  but  in  the  mid- 
dle a  bar  exists  having  at  points  only  14  feet  depth  of  water  at  low  tide.  A  channel 
suited  to  this  position  should  be  about  1,OBO  feet  in  width  l>etween  its  outer  banks. 
150  feet  of  which  width,  in  the  center  should  l)e  21^  feet  in  depth  at  low  water  ana 
then  of  decreasing  depths  on  each  side  to  the  outer  banks,  where  this  depth  should  be 
6  feet  at  low  water.  This  form  of  chaimel  would  meet  all  the  requirements  of  the 
case.  It  would  afford  good  anchorage-ground  on  each  side  of  the  central  pathway, 
leaving  a  free  course  for  the  maneuvering  or  passage  of  vessels  under  sail. 

Second,  Below  Field's  Point  within  the  bay,  a  continuous  channel  should  be  secured 
at  least  800  feet  in  width,  with  a  central  pathway  23  feet  in  depth.  This  part,  of  the 
work  would  necessitate  the  deepening  of  the  natural  channel  at  three  |>oints.  to  wit, 
opposite  Rocky  Point ;  about  half  the  distance  between  Ga«i»ee  Point  and  tlie  Paw- 
tuxet  l>eacon ;  and  opposite  the  village  of  Pawtuxet.  The  channel  should  also  be 
widened  between  a  point  nearly  opposite  Pawtuxet  village  and  Field's  Point.  We 
should  then  have  an  unobstructed  passage-way  from  the  onen  sea  to  our  diicks  for 
such  heavy-draught  foreign  and  coastwise  vessels,  and  for  such  numbers  of  all  draughts 
as  would  certainly  seek  our  harbor  if  so  improved. 
As  the  streams  emptying  into  the  harbor  are  not  of  such  size  or  character  as  to  bring 
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down  any  considerable  amonnt  of  silt,  it  is  quite  probable  tbat  if  the  channel  is  once 
properly  improved  only  a  small  annual  outlay  will  be  required  to  preserve  its  condi- 
tion. 

The  estimated  volume  of  material  to  be  removed  between  Fox  Point  and  J^eld's 
Point  to  secure  the  desired  channel  is  about  2,250,000  cubic  yards,  measured  in  bank. 
For  the  work  in  the  bay,  the  amonnt  would  be  about  1,204,510  cubic  yards. 

As  will  hereafter  ajipear  by  the  contract  jirices  for  similar  work  for  the  city,  there 
are  few  or  no  harbors  where  dred^ng  can  be  more  cheaply  done  ;  and  as  the  pro])osed 
improvement  consists  mainly  of  tliat  kind  of  work,  it  follows  that  at  comparatively 
small  cost  the  chief  obstacle  to  our  advancement  in  commercial  prosi>erity  may  lie 
removed.  We  feel  assured  that  the  contemplated  dredgiu^  can  be  done  at  the  rate  of 
7  cubic  yards  for  $1.  If  this  work  is  done  a  continuous  channel  of  about  IW  miles  in 
leu^h,  of  2:i  feet  depth  of  water,  from  the  sea  to  this  i>ort,  may  be  securecl. 

Tne  city  of  Providence  has  peculiar  advantages  of  location  as  an  importing  and  ex- 
porting center.  Its  outer  harbor  is  Narraganset  Bay,  through  one  of  the  two  unob- 
structed passages  to  which  it  can  be  entered  by  the  largest  vessels  that  float,  in  any 
wind,  at  any  time,  without  a  pilot ;  and  it  is  never  obstructed  by  ice  to  pi*event  making 
a  good  harbor.  It  is  completely  land-locked,  and  has  ab4>nt  70  square  miles  of  anchor- 
age, where  the  entire  shipping  of  all  the  ports  (»f  the  United  States  could  ride  out  any 
storm  in  safety. 

The  harbor  jiroper  of  the  city  of  Providence  is  an  interior  basin  at  the  head  of  the 
bay,  having  an  area  of  about  700  acres,  with  a  channel  leading  up  to  the  wharves. 
This  channel  is  olistructed  by  a  bar  having  only  14  feet  depth  in  places  at  low-water, 
as  already  state4. 

The  city  of  Providence  is  the  second  in  size  in  New  England,  and  the  sixteenth  in  the 
United  States.  It  now  contains  a  ])opulation  of  about  1(X),0(K),  having  made  a  verj-^ 
rapid  growth  in  the  last  ten  years.  It  is  the  most  northerly  important  terminus  of 
safe  and  convenient  navigation  from  Southern  ports,  lying  as  it  does  about  'SO  miles 
into  the  interior  of  New  England,  and  having  direct  railroad  communication  with  all 
parts  of  thoM^  States  and  the  Cauadas,  and,  by  tapping  the  roads  leading  West,  with 
the  grain-)>roducin|;  States. 

It  is  the  radiating  center  of  supplies  of  raw  material,  as  also  the  market,  for  an 
immense  aggregate  of  mannfacturiTig  indnstries  located  imme<liately  around  it,  and 
mainly  develoi>ed  and  sustained  by  the  water-power  of  three  streams.  The  leading 
maniiiactnres  are  c4>tton  and  woolen  goods,  machinery,  aims,  &c.,  in  which  there  are 
about  $;;0,000,000  invested  capital. 

Of  print-cloths  there  were  reported  sold  here  in  1877,  a  year  of  great  depression  in 

business,  and  therefore  not  a  fair  showing,  2,742,^330  piet'cs. 

The  average  annual  sales  during  the  previous  ten  years  amounted  to  4,614,733  pieces. 

The  total  reported  receipts  of  cotton  in  this  market,  by  all  routes,  during  the  year  1877, 

were  234,532  bales,  which  is  18,74t>  bales  less  than  the  average  during  the  previous  six 

years. 

The  total  reported  receipts  of  wool  of  all  grades,  by  all  routes,  during  the  year  were 
65,3:{:{  bales  and  sacks,  the  average  during  the  previous  six  yeara  l>eing  93,983  bales 
and  sacks  per  annum. 

By  the  last  census  of  Rhode  Island  it  appears  that  our  bleacheries  and  print-works 
eoDsnmed  about  6»000  tons  of  supplies  of  foreign  gr<3wth  or  manufacture ;  but  there 
was  diffieiilt>^  in  obtaining  the  facts,  and  the  general  belief  is  that  these  figures  should 
be  largely  iucrt^ased. 

Providence  is  also  the  chief  coal-port,  of  New  England.  The  total  reported  tonnage 
of  coal  during  the  year  1877  was  642,480  tons,  of  wnich  4,960  tons  were  foreign.  The 
average  per  annum  diuing  the  previous  six  years  was  580,587  tons,  the  foreign  average 
being  5,768  tons. 

The  total  reT>orted  receipts  of  flour  during  1877  were  324,539  barrels,  which  is  38,477 
barrels  more  than  the  average  annual  receipts  of  the  previous  six  yeare. 

This,  therefore,  to  the  extent  of  our  present  transportation  facilities,  is  an  importan. 
reeeiving  ati<l  distributing  point  for  direct  importations  and  productions  for  ex})ort. 
For  coastwise  traffic  it  is  alrt^ady  the  leading  port  in  New  England ;  and  with  our  har- 
bor so  improved  that  ocean-steamers  and  coastwise  vessels  of  the  heaviest  draughts 
eonld  reach  our  wharves,  we  should  have  unsuri)assed  facilities  for  becoming  a  com- 
mercial as  we  already  are  a  manufacturing  center. 

More  coastwise  vessels  now  enter  this  oay  and  port  than  any  other  port  in  New 
England.  Honui  of  these  of  large  draught  of  water,  like  the  Philadelphia,  Norfolk, 
and  Baltimore  (freight)  steamere,  are  at  times  compelled  to  wait  hours  for  the  full 
tide  to  enable  them  to  cross  the  bar  and  reach  the  inner  harbor. 

Many  others  are  effectually  barred  from  entering  the  port  at  all  on  account  of  the 
insufficient  depth  of  water  in  some  )>arts  of  the  channel,  the  inconvenient  and  expen- 
sive result  of  which  is  that  a  considerable  part  of  the  freight  consigned  to  our  mer- 
chants and  manufacturers,  besides  that  which  would  naturally  come  to  this  port  in 
transit  to  interior  points,  must  first  be  delivered  in  New  York  or  Boston  and  then  re- 
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shipped  by  rail  to  this  port.  One  of  the  onerona  features  of  this  process  is  that  the 
jK)rt-char^e8  elsewhere  are  about  twice  as  much  as  they  are  here,  and  this  is  one  con- 
siderable item  which  counts  with  ship-OM'ners  in  favor  of  this  as  a  port  of  entry. 

A  pressing  need  of  our  present  commerce  is  more  anchorage-room,  already  large,  to 
allow  the  channel  to  be  kept  free  for  the  passage  of  vessels.  As  many  as  70  to 
75  vessels  have  come  into  the  harbor  in  an  afteiTioou,  for  all  of  which,  with  those 
already  at  anchor,  there  is  not  suflScient  room.  The  result  is  a  frequent  block- 
ading of  the  channel  against  the  safe  passage  of  vessels  in  and  out  of  the  harbor. 
Regular  lines  of  passenger  and  freight  steamers  run  daily  between  this  and  other 
ports,  and  in  their  passage  through  the  channel  much  delay  and  danger  sometimes 
result  from  the  encroachments  of  anchored  vessels  lapping  out  over  their  course. 
This  trouble  is  increased  during  the  summer  months  when  excursion-steamers  loaded 
with  passengers  are  passing  in  and  out  almost  hourly. 

The  State  does  not  ask  that  its  maritime  facilities  shall  be  developed  entirely  at 
the  expense  of  the  United  States  Grovemment.  Its  appreciation  of  the  importance  of 
preserving  and  improving  the  advaut-ages  it  already  possesses  is  shown  by  tlie  expendi- 
tures which  have  been  made  to  that  end.  The  government  of  the  city  of  Providence 
annually  appropriates  from  $10,000  to  $15,000  for  the  improvement  of  the  liarbor.  A 
large  amoimt  of  dredging  has  already  been  done  in  and  about  the  upper  part  of  the 


channel  with  the  money  thus  appropriated,  and  sums  paid  by  individuals ;  and  now 

*      '  )  ha 
below. 


there  is  much  more  water  in  the  harbor  proper  and  around  the  docks  than  on  the  bars 


During  the  last  eight  years  $89,380.10  have  been  expended  by  the  city  for  dredging 
alone,  and  for  surveys,  plats,  &c.,  $2,474  more.  This  work  has  been  done  under  very 
favorable  conditions,  the  contract  for  last  year  for  dredging  about  168,000  cubic  yar(& 
having  been  made  at  9  cents  per  cubic  yard. 

The  amount  appropriated  by  the  city  for  the  current  year  is  $15,000,  and  a  contract 
for  the  dredging  has  been  executed  at  13  cents  per  cubic  yard,  requiring  the  material 
to  be  carried  over  trestle-work  to  till  flats  belonging  to  the  city. 

The  city  has  also  nearly  complete<l  the  removal  at  a  cost  of  $60,000  of  about  260,000 
cubic  yards  of  mud  from  the  Cove  Basin,  so  called,  at  the  head  of  Providence  River. 

The  chairman  of  the  Harbor  Committee  of  the  city  council  has  submitted  a  stat-emeut 
relative  to  the  city's  operations  in  the  harbor,  of  wnich  the  following  is  a  copy : 

"  Providence,  January  22,  1878. 

"Sir:  In  reply  to  yours  of  the  10th  instant,  I  would  say  that  for  many  years  the 
city  has  expended  considerable  sums  upon  dredging  in  the  harbor,  as  will  appear  in 
the  inclosed  tabular  statement. 

**Our  citizens  and  our  city  government  fully  realize  the  imperative  necessity  of 
Increasing  our  harbor  facilities,  and  a  judicious  and  comprehensive  plan  for  harbor 
improvement  will  assuredly  receive  cordial  support. 

**  If  only  work  could  be  done  in  the  river  and  bay,  below  the  point  where  the  city 
could  be  asked  to  expend  money,  we  might  hope  that  our  harbor  would  receive  and 
our  wharves  accommodate  the  largest  vessels. 

*.'  The  following  statement  of  money  paid  and  work  done  on  the  harbor  since  1870, 
is  submitted  and  made  a  part  of  this  communication. 


For  the  year  ending  October  1- 


1870. 
1871  . 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 


^1 

IT'S 

li 


$1, 100  00 
1,100  00 
1, 150  00 
1,300  00 
1,300  00 
1,300  00 
1,633  33 
1,800  00 


10,683  83 


gs 


li 


$763  00 
321  00 


535  00 


1, 619  00 


a 


jH6,ii83  10 

I    9,532  81 

I    9,940  56 

I    ^e21   13 

$2, 000  00  I  14. 828  21 

10,016  28 

11,495  79 

474  00  '  11, 362  22 


2,474  00    89,38  100 


"  In  1876  the  appropriation  for  dredging  the  harbor  was  $11,500.  The  contract  for 
dredging  was  given  to  8.  A.  Hammond,  at  13  cents  per  cubic  yard. 

"  In  1S77  the  appropriation  was  $12,500.  The  contract  for  dredging  was  awarded  to 
Providence  Dredging  Company^  at  9  cents  per  cubic  yard. 

"  For  1878  the  appropriation  is  $15,000,  and  contract  for  dredging  awarded  to  Thotuas 
Potter,  at  13  cents  per  cubic  yard. 
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"TheBe  low  prices  have  been  obtained  notwithstandinf^  the  fact  that  there  has  been 
extra  trouble  to  the  contractor  in  diHposing  of  the  material.  Last  year  about  half  the 
inud  was  towed  16  milen  to  a  dumping-ground,  and  for  tbe  year  to  come  the  price  in- 
cludes the  cost  of  transferring  the  material  by  cars,  on  trestle-work,  to  ground  too  high 
to  be  reached  in  scows.  This  is  required  in  order  to  develop  wharf-property. 
"  Very  respectfully,  yours, 

''Arthur  T.  Dexter, 
''  Chairman^  for  Committee  on  the  Harbor. 
''J.  Herbert  Shebb,  Esq., 

*'  Chairman  of  the  State  Board  of  Harbor  Commiemoners.^^ 

We  submit  a  copy  of  resolution  passed  by  the  Providence  Board  of  Trade : 

"  The  following  preamble  and  resolutions  were  read  and  unanimously  adopted  at  the 
annual  meeting  of  the  Providence'  Board  of  Trade,  of  the  city  of  Pi-ovidence,  R.  I., 
held  January  9,  1878 : 

"  Whereas  this  city  is  situated  at  the  head  of  Providence  River,  affording  a  broad, 
safe,  and  natural  approach  to  a  point  about  30  miles  inland,  from  which  a  large  por- 
tion of  the  New  England  States  may  be  conveniently  reached ;  and 

''Whereas  much  shipping  is  prevented  from  coming  to  this  port  on  account  of  the 
shoal  channels  leading  to  the  harbor,  notwithstanding  our  city  ij^ovemmeut  has  already 
esxtended  considerable  sums  of  money  in  widening  and  deepening  the  channels  of  the 
harlx>r:  Therefore, 

"  Resolved,  That  in  the  opinion  of  this  Board  it  is  desirable  and  necessary  that  steps 
be  taken  to  procure  aid  from  the  United  States  Government  to  enable  the  improvement 
to  be  made,  so  that  the  natural  facilities  of  this  harbor  may  be  properly  developed  and 
increased. 

*'  Resolredy  That  the  president  of  this.  Board  be,  and  he  is  hereby,  appointed  a  com- 
mittee to  confer  with  the  State  Board  of  Harbor  Commissioners,  and  is  reouested  to 
co-operate  with  said  Board  in  urging  upon  the  United  States  Government  tne  impor- 
tance of  the  work  and  procuring  the  necessary  aid  therefor. 

"  Providence,  January  29,  1878. 

"  I  hereby  certify  the  foregoing  to  be  a  true  copy  and  record. 

"F.  P.  Little, 

^^  Secretary. ^^ 
The  Board  of  Trade  adopted  another  resolution,  as  follows : 

"  Resolved,  That  the  president  of  this  Board  be  authorized  to  appoint  a  committee  to 
ascertain  the  amount  of  foreign  and  domestic  goods  annually  brought  into  this  dis- 
trict." 

The  committee  made  the  following  report : 

"Your  committee  were  notified  of  their  appointment  on  the  23d  ultimo;  they  were 
called  together  immediately,  and  have  held  several  meetings  to  consider  the  business 
conlided  to  them. 

*'  The  difficulties  in  the  way  of  obtaining  such  information  as  is  desired  are  many. 
The  want  of  time  precludes  the  possibility  of  issuing  circulars  to  our  merchants  and 
manufacturers  requesting  such  information  as  would  enable  us  to  estimate  accurately 
the  amount  of  material  required  in  their  business,  and  had  the  time  been  sufficient  the 
reluctance  of  many  of  our  manufacturers  to  give  such  information  would  have  ren- 
dered a  report  thus  obtained  inaccurate. 

'*  llie  last  census  of  Rhode  Island,  taken  under  the  charge  of  a  most  faithful  and 
efficient  superintendent,  gives  the  capital  employed  in  manufactures  (that  is,  value  of 
real  estate  and  machinery)  as  |49,942,871 ;  of  raw  material  used,  176,715,970:  of  prod- 
ucts, $126,669,875.  Under  the  head  of  special  manufactures,  we  find  that  there  were 
reported,  to  have  been  used  in  print-works  and  bleacheries  about  6,000  tons  of  material 
of  foreign  growth  or  mannfacture.  From  information  received  from  other  sources  the 
last  item  is  believed  to  be  much  too  small,  and  the  same  discrepancy  may  exist  in  other 
figures. 

'*  So  fieir  we  have  spoken  only  of  supplies  required  in  our  manufactures;  there  is  no 
possible  means  of  obtaining  an  account  of  supplies  required  for  all  other  branches  of 
mdustry,  and  for  a  x>opulat]on  of  258,239  persons. 

"  Were  it  possible  to  obtain  ever  so  correct  an  account  of  the  wants  of  the  people  of 
our  own  city  and  State,  we  should  still  be  far  short  of  the  information  of  which  yre 
are  in  seartrfa. 

'*  Providence  Harbor  is  the  natural  source  of  supply  and  the  natural  outlet  for  all  of 
the  country  lying  east  of  the  Connecticut  River,  north  to  the  Canada  border  and  west 
of  Boston ;  in  fact,  coming  from  the  South,  Providence  is  nearer  by  steam  by  24  liours 
than  the  harbor  of  Boston,  and  when  we  consider  the  dangerous  navigation  around 
Cipc  Cod,  we  are  led  to  believe  that  with  sufficient  depth  of  water  in  our  bay  and  har- 
bor, tbe  Boston  lines  from  the  South  would  find  it  for  their  advantage  to  make  Provi- 
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dence  the  tertninns  of  their  voyage,  and  transfer  by  rail  such  parts  of  their  cargoes  as 
may  he  destined  for  Boston. 

'^  With  a  view  to  estimating  the  number  of  tons  of  merchandise  that  is  annually 
going  to  and  from  and  throngh  this  city,  we  have  request-ed  from  our  several  raih^oad 
companies,  and  from  the  New  York,  Philadelphia,  and  Norfolk  Hues  of  steamers,  an 
accouut  of  the  number  of  t-ons  of  merchandise  transported  by  them  during  tlie  past 
year. 

"  The  tonnage  on  the  railroads  is  given  in  total,  as  there  is  no  means  of  ascertaining 
how  much  may  go  from  point  to  point  on  the  roads,  without  touching  this  city ;  but 
when  we  consider  that  in  this  statement  there  is  no  account  taken  of  the  amount  carried 
by  the  smaller  lines  of  steamboats,  by  sailing-vessels,  and  by  teams,  we  may  not  form  a 
very  inaccurate  idea  of  the  business  of  this  port,  even  in  dull  times,  and  when  the  bars 
in  our  bay  prevent  us  from  receiving  a  very  large  part  of  the  business  that  the  posi- 
tion of  our  city  would  otherwise  give  us. 

"  The  accounts  received  from  the  railroads  and  steamboats  are  as  follows : 

Tons. 

Providence  and  Springfield 37,987 

Providence,  Warren,  and  Bristol 47,036 

Providence,  Hartford,  and  Fishkill 296,681 

Providence  and  Stoniugtou -       2:^6, 945 

Boston  and  Providence 631,850 

Providence  and  Worcester    641,135 

Windsor  Line  to  Philadelphia 48, 254 

Providence,  Norfolk,  and  Baltimore 105, 600 

Providence  and  Stonington  Steamship  Company  (boat  direct) 375, 000 

Total  tons 2.410,488 

"  The  records  of  the  custom-house  show  that  during  the  past  year  there  have  be«n 
123  foreign  and  5,520  domestic  arrivals ;  that  the  value  of  imports  was  j|46o,8o8 ;  that 
there  were  brought  by  water  201,699  bales  of  cotton,  37,745  bales  of  wool,  60,362  barrels 
of  ilour,  685^336  bushels  of  grain,  and  642,480  tons  of  coal. 

"It  is  estimated  by  competent  authority  that  the  whole^sale  grocery  business  of  this 
city  amounts  to  $11,000,000  per  annum,  and  that  of  this  amount  $7,300,000  is  in  goods 
of  foreign  growth.  The  trade  in  drugs  and  chemicals,  which  is  veiy  largely  in  mer- 
chandise oi  foreign  growth.or  manufacture,  is  estimated  at  about  $5,000,000  per  annum. 

''The  domestic  importations  of  Providence  by  railroad  and  by  water  for  1877  are 
given  as  follows:  234,532  bales  of  cotton ;  324,539  barrels  of  Hour ;  1,549,096  bushels  of 
com ;  586,905  bushels  of  oats ;  642,480  tons  of  coal. 

"  Respectfully  submitted. 

''James  Shaw,  Jr. 

"GeOKGE  W.   WmTFORD. 

''Benjamin  W.  Parsons." 

As  illustrating  the  delays  resulting  from  the  shallowness  of  water  on  the  bar,  w^e 
insert  the  following  copy  of  a  letter  received  from  the  agent  of  one  of  our  principal 
steamship  lines : 

"Providence,  Norfolk  and  Baltimore  Steamship  Line, 

"  ProvidencCy  R,  /.,  February  14,  1878. 

"Dear  Sir  :  I  l>eg  and  desire  to  call  your  attention  to  the  fact  that  in  the  year  1873 
the  Merohants  and  Miners'  Transportation  Company  of  Baltimore,  Md.,  inaugurated  a 
line  of  steamships  between  Baltimore,  Norfolk,  and  Providence,  and  styleil  it  the 
'  Providence,  Norfolk  and  Baltimore  Steamship  Liine.'  Since  this  line  was  set  bi  mo- 
tion, owing  to  the  great  draught  of  water  of  our  steamers,  we  have  met  with  very 
serious  delays  on  account  of  the  depth  of  water  in  our  harbor.  The  steamers  of  this 
line,  when  tull-freighted,  draw  18  and  20  feet  of  water,  and  have  touched  bottom  iu 
midway  of  channel,  and  dragged  the  bottom  for  long  distances :  and  when  we  have 
had  strong  northwest  winds  we  experience  verj'  much  more  delay.  If  our  steamerH 
arrive  on  an  ebbing  tide  of  2  or  3  hours'  duration  and  gn>und,  they  are  obliged  to  so 
remain  until  the  full  Hood-tide  makes  again,  causing  the  h>ss  of  valuable  time,  from 
6  t4)  8  hours,  which  is  exceedingly  annoying  to  our  patrons  and  ourselves.  1  will 
hero  state  that  the  Merchants  aiid  Miners*  Transportation  Comjiany  also  run  a  line 
of  steamers  between  Baltimore,  Norfolk,  and  Bost4)n,  via  Cape  CimI,  and  I  have  often 
aAvocated  to  them  of  their  making  the  terminus  of  the  Boston  steamers  at  Providence, 
and  connect  with  Boston  by  railroad ;  but  our  company  has  always  contended  that  it 
was  not  practicable  to  do  so  with  their  lar^^est  steamers,  on  accouut  of  the  shallow- 
ness of  the  wat-er  in  our  harbor,  but  have  iutmiated  to  me  that  if  harbor  facilities  were 
such  at  l^ovidence  that  no  delays  would  occur  <m  accouut  of  depth  of  water,  and*  the 
-  steamers  could  arrive  and  depart  at  any  time  of  tide,  that  ultimately  the  terminus  of 
the  Boston  line  would  be  established  at  Providence.    This  line  is  an  important  one 
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for  the  city  of  Providence,  runninff,  as  it  does^  direct  to  the  South,  connecting  at  Nor- 
folk, Ya.,  with  the  Virginia  and  Tennessee  Air-Line  and  Seaboard  and  Roanoke  Rail- 
roaua  for  all  points  south,  and  at  Baltimore  (Locust  Point),  Md.,  with  the  great  Balti- 
more and  Ohio  Railroad  for  all  points  west,  north,  and  southwest. 

^*  I  trufit  that  some  special  action  will  be  taken  by  the  State  this  present  year  to 
improve  the  navigable  waters  of  our  beautiful  Narraganset. 
"  Very  respectfully,  yours, 

"E.  H.  Rockwell, 
^* Agent  Provideneey  Norfolk  and  Baltimore  Steamship  Line, 
^*J.  Hebbert  Shebd,  Esq., 

*'  Chairman  of  the  Harbor  Cammiseionen.*' 

The  following  tabular  statement  has  been  famished  to  us  by  General  Shaw,  collector 
of  this  port : 

Commercial  staOaties  of  Frovideneej  1871  to  1877. 


Foreign  anivala 

V»lae  of  imports  (doUan) 

Couftwise  airiTalft 

Biingmg — 

Bales  of  cotton 

Bales  of  wool 

Barrels  of  flonr 

Bushels  of  grain 

Tons  of  cool. 

TOXKAOB. 

Vessels 

Tons 


187L 


206 

052,281 

5,808 

182,506 
55,137 
145, 375 
751,553 
548,660 


92 
21,090 


1872. 


182 

780, 616 

6,542 

198,325 
43,540 
131, 713 
886,058 
609,188 


85 
19, 115 


1878. 


175 

818.323 

6,952 

299,364 
149,  561 
171,048 
876,617 
709,784 


129 
1,489 


1874. 


170 

412,698 

4,666 

254,235 
47,278 
261, 920 
942,290 
600,386 


123 
i,977 


1875. 


91 

552,768 

6,373 

178,446 
37,891 
161,486 
822,009 
691,847 


128 
34.107 


1876. 


90 

288,454 

6,326 

218,267 
39,904 
88,682 
716,830 
610,359 


131 
36,107 


1877. 


123 

466,868 

5,620 

201,609 

»7.745 

60,362 

685,334 

642,480 


131 
86,611 


*  Foreign  ralae  in  gold. 
All  of  which  is  respectfully  submitted. 


General  G.  K.  Warren, 

Major  of  Engineers,  U.  8,  A, 


jA3fES  Shaw,  Jr., 

Collector. 

J.  Herbert  Shedd, 
N.  F.  Potter, 
Jedediah  Williams, 
Harbor  Commissioners, 


B8. 

IMPROVEMENT  OF  NEWPORT  HARBOR,  RHODE  ISLAND. 

Nothing  has  been  done  here  during  tlie  past  fiscal  year,  and  no  work 
is  contemplated  during  the  next.  The  small  amount  of  funds  available 
at  the  beginning  of  the  year  has  been  exi)ended  in  closing  up  the  work 
and  office  expenses. 

Money  statement 

July  1,  1877,  amount  available $30  14 

July  1, 1878,  amount  expended  during  fiscal  year -,-.-,.-.. 30  14 


B9. 

IMPROVEMENT  OF  BLOCK  ISI^AND  HARBOR,  RHODE  ISLAND. 

Block  Island  is  situated  about  12  miles  from  the  nearest  x)oint  on  the 
mainland.    Its  nearest  natural  harbor  is  in  Narragansett  Bay^  ^ome  25 
16  £ 
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miles  distant.  The  island  is  about  9  miles  long  and  about  4  wide  in  its 
widest  part.  Its  population  is  about  1,400.  The  improvement  sought 
was  the  building  of  a  harbor  for  larger  boats  than  were  heretofore  used 
by  the  fishermen  and  for  such  as  would  be  employed  in  bringing  coal, 
lumber,  &c.,  and  for  otherwise  facilitating  communication  between  the 
island  and  the  mainland. 

At  the  beginning  of  the  present  fiscal  year  the  main  work  had  been 
built  out  to  a  point  1.325  feet  from  the  shore  and  the  iimer  harbor  with 
an  inclosed  area  of  aoout  IJ  acres,  and  7  feet  depth  at  mean  low- water, 
completed.  At  that  time  stone  was  being  put  into  the  work  by  Messrs. 
P.  Harrington  &  Co.,  of  Groton,  Conn.,  under  contract  at  $1.29  per  ton. 
They  continued  until  the  completion  of  their  contract,  November  30, 
1877,  having  put  in  from  the  first  34,268.73  tons;  of  this  amount  25,227.38 
tons  were  i)ut  in  from  July  1  to  November  30.  They  were  enabled  to 
put  in  this  large  amount  in  so  short  a  time  by  employing  a  large  niunber 
of  vessels  and  getting  the  stone  from  two  or  three  quarries.  The  build- 
ing of  a  detached  piece  gave  them  places  to  unload  three  or  more  vessels 
at  the  same  time. 

During  August  and  a  part  of  September  a  vessel  with  divers  was  em- 
ployed in  removing  bowlders  from  the  anchorage  sheltered  by  the  break- 
water. There  were  removed  517  tons,  at  a  cost  of  $2.20  per  ton  for  those 
up  to  10  tons  and  $6  per  ton  for  those  in  excess  of  this  size. 

The  condition  of  the  work  at  the  close  of  the  season  was  as  follows : 
The  breakwater  extending  out  1,425  feet  from  the  shore,  an  opening  of 
200  feet,  and.then  a  detached  pier  300  feet  in  length,  the  first  50  feet  in 
prolongation  of  the  main  work,  the  second  50  feet  on  a  line  making  an 
angle  of  15  degrees  to  the  left,  and  the  remaining  200  feet  on  a  line 
making  an  angle  to  the  left  of  15  degrees  with  the  second  50  feet. 

Our  experience  in  the  construction  of  the  work  thus  far  has  shown  that 
whenever  large  quantities  of  stone  have  been  put  in  during  the  season 
of  mild  weather  it  has  always  been  displaced  and  settled  down  by  the 
storms  of  winter.  This  had  occiirred  while  the  work  was  in  much 
shoaler  water  than  that  built  during  last  season.  In  view  of  this  prob- 
ability, sufficient  fimds  were  reserved  to  build  up  the  work  after  the 
storms  of  the  winter. 

During  the  winter  there  occurred  several  quite  severe  storms,  but  on 
the  10th  of  January  an  unusually  severe  one  \dsited  this  section.  At 
the  time  of  high- water  the  waves  rolled  in  over  the  beach  in  the  angle 
to  the  east  of  the  ianer  harbor  with  sufficient  height  and  force  to  carrj" 
stone  weighing  40  to  50  pounds  over  the  parapet  of  the  east  crib  into 
the  basin.    This  parapet  is  about  8  feet  above  mean  high-water. 

An  examination  of  the  work  in  April  showed  that  the  head  of  the 
main  work  and  the  detached  piece,  all  built  last  season,  had  been  settle<l 
down  considerably  by  these  storms.  The  greater  part  of  the  change  of 
form  and  settling  seemed  to  be  confined  to  the  outer  or  most  exjwsed 
ends  of  the  work.  It  was  estimated  that  it  would  require  3,000  tons  to 
build  this  up  to  the  required  height  and  form. 

Advertisement  inviting  proposals  to  furnish  and  place  this  stone  was 
made  April  25, 1878,  and  on  the  25th  of  May  the  following  were  received : 
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Abnti-ael  of  propoaaft  received  ai  the  Engineer  Office,  United  States  Army,  Newport,  M.  /., 
May  25,  1878,  at  10  a.  m.,  for  riprap  granite  for  breakwater  at  Block  Island,  E.  I, 


Name  of  bidder. 


Address. 


H 


1  .  lYBDciaH.  Smith 

2  .  Amo»B.  Chapel 

3  I  James  Schlly  &  Co 

Isaac  A.  Sylvester 

F.  A.  Ingerson  and  W.  H.  Molthrop. 
Sidney  Edsall 


New  York  City... 
Wat^rfonl,  Conn . . 

Groton,  Conn 

Quincv,  Mass 

Kew  Loudon,  Conn 
New  York  City.... 


June  1 

Jtine  1 

June  1 

Jnne  1 

June  1 

June  1 


July  81 
July  31 
July  31 
July  81 
Auff.  1 
July  81 


♦114 
1  28 
1  44 
1  4S^ 
1  05 
1  66 


3,508 
3,125 
2, 777 
2,603 
2,424 
2,409 


The  contract  was  awarded  to  the  lowest  bidder,  Mr.  Francis  H.  Smith, 
of  New  York,  at  81.14  per  ton. 

Work  was  commenced  in  the  latter  part  of  the  month,  and  up  to  the 
30th  about  275  tons  had  been  put  in.  It  is  expected  that  the  contract 
will  be  completed  by  August  31,  1878. 

This  will  complete  the  breakwater  for  a  harbor  for  local  purposes  at  a 
cost  of  $285,000.  We  have  been  enabled  to  do  this  at  a  much  less  cost 
than  estimated,  by  dispensing  with  the  cut  stone,  using  only  riprap 
granite,  and  by  reason  of  the  fall  in  prices  for  such  work. 

Block  Island  is  in  the  Newport  coUection  district,  which  place  is  a  port  of  entr>^ 
The  revenue  collected  during  the  fiscal  year  ending  June  30,  1&78,  is  |1,466.41. 

Money  statement, 

July  1, 1877,  amount  available $46,978  96 

July  1,  1878,  amount  expended  during  fiscal  year 41, 424  24 

July  1, 1878,  amount  available 5,554  72 


B  lo. 


DdPROVEMENT  OF  PAWCATUCK  RIVER,  RHODE  ISLAND  AND  CONNECTI- 
CUT. 

No  work  has  been  done  here  during  the  past  fiscal  year,  and  none  is 
contemplated  during  the  next.  The  small  amount  of  iuiids  available  at 
the  beginning  of  the  year  ha«  been  expended  in  closing  up  the  work  and 
in  office  exx>enses. 

Money  statement 

July  1, 1877,  amount  available $101  97 

July  1,  1878,  amount  expended  during  fiscal  year 101  97 


B  II. 

IMPROVEMENT   OF    LITTLE   NARRAGANSETT    BAY,  RHODE    ISLAND   AND 

CONNECTICLT. 

ThiB  bay  lies  between  Stonington,  in  the  State  of  Connecticut,  and 
Watch  Hill,  in  Bhode  Island«^    It  is  entered  from  Fisher's  Island  Sound, 
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and  it  receives  the  waters  of  Pawcatuck  River,  at  the  head  of  navigation 
of  which  are  the  flourishing  towns  of  Pawcatuck,  Conn.,  and  Westerly, 
R.  I.,  with  their  mills  and  fine  granite  quarries.  The  general  govern- 
ment has  already  dredged  a  channel- way  in  the  river  up  to  these  towns, 
75  feet  wide,  51  feet  deep  at  mean  low- water,  and  8  feet  deep  at  mean 
high-water.  The  entrance  to  the  bay  is  deep,  but  a  shoal  extends  all 
across  its  wider  portion,  which  cannot  be  passea  at  mean  low- water  with 
vessels  drawing  more  than  4^  feet  or  7  feet  at  mean  high- water,  and  it 
was  besides  obstructed  with  dangerous  rocks.  The  bay  was  surveyed  by 
authority  of  the  general  government  in  1875,  and  is  reported  on,  with 
project  for  improvement,  in  Annual  Rejjort  of  Chief  of  Engineers  for  1876, 
Part  1,  pp.  217-221.  The  project  was  for  a  channel  7^  feet  deep  at  mean 
low-water,  and  200  feet  wide,  together  with  the  removal  of  the  dangerous 
rocks.  The  reason  for  making  it  deeper  than  the  channel  made  in  the 
river  is  to  enable  vessels  to  pass  it  in  the  earlier  stages  of  the  tide,  and 
thus  insure  reaching  Westerly  on  the  crest  of  the  tide- wave.  The  esti- 
mated cost  was  $51,000. 

The  act  of  Congress  approved  August  14, 1876,  appropriated  $5,000 
to  begin  this  improvement,  but  the  expenditure  was  not  ordered  until 
May,  1877.  Of  this  amount  $1,500  was  set  aside  for  superintendence 
and  for  removing  dangerous  rocks  near  Rhodes'  Folly  by  hired  labor, 
and  $3,500  for  making  the  proposed  channel  near  Pawcatuck  Point,  by 
contract  with  the  lowest  responsible  bidder.  Pawcatuck  Point  was 
selected  because  part  of  the  material  te  be  removed  from  the  place  was 
known  to  be  bowlders,  while  all  the  other  parts  were  soft  digging.  It 
was  desirable  to  test  the  feasibility  of  the  whole  plan  at  once  by  opera- 
tions upon  the  most  difficult  part.  There  was  th6  additional  reason  that 
if  a  channel  were  opened  here  it  would  be  available  with  nearly  as  much 
water  in  other  parts  as  the  route  heretofore  used  and  with  better  steer- 
ing ranges  and  less  dangers. 

It  is  reported  in  the  last  annual  report  (Part  1,  page  204)  that  the 
contract  had  been  awarded  to  W.  H.  Molthrop,  of  New  London,  Conn., 
to  remove  the  material,  including  bowlders  of  a  size  not  exceeding  one 
cubic  yard,  at  the  rate  of  30  cente  per  cubic  yard,  and  all  bowlders  of  a 
greater  size  at  the  rate  of  $5  per  cubic  yard. 

The  dangerous  rocks  near  Rhodes'  Folly  having  upon  them  a  less 
depth  than  7J  feet  at  mean  low- water,  have  all  been  removed  by  hired 
labor.  The  amount  was  131  cubic  yards.  One  rock  weighing,  probably, 
150  tons  had  to  be  blasted,  and  the  pieces,  as  well  as  the  other  rocks, 
were  lifted  by  scows  under  the  action  of  the  rising  tide. 

Work  near  Pawcatuck  Point  was  begun  July  4, 1877,  by  a  very  i)oor 
.  dredging-machine,  which  two  days  after  hauled  off  for  repairs.  Another 
dredge  was  obtained  September  24,  and  this  continued  until  December 
17,  when  work  was  abandoned  for  the  winter.  The  time  of  completion 
was  extended  from  November  30, 1877,  to  June  30, 1878.  The  dredge 
resumed  work  on  the  3d  of  June  and  continued  till  the  17th  of  that 
month,  when  her  boiler  burst,  fortunately  without  serious  injury  to 
the  crew.  Nearly  all  the  work  had  now  been  done  that  the  funds  would 
pay  for,  and  the  object  of  testing  the  character  of  the  excavation  having 
been  accomplished,  I  regarded  the  contract  as  completed. 

Two  cuts,  having  a  combined  width  of  34  feet,  have  been  made  across 
•  the  shoal  at  the  j>oint,  and  another  cut  about  one-third  of  the  way  in 
the  part  where  the  dredging  is  easiest.  A  ridge  of  bowlders  was*  en- 
countered running  across  the  new  channel,  having  a  width  of  about  50 
feet.  About  half  of  these  were  larger  and  the  other  half  smaller  than 
-one  cubic  yard.    About  69  cubic  yards  of  the  large  size  were  removed. 
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at  $5  x>er  yard.  The  other  material  removed  amounted  to  4,015  cubic 
yards  at  30  cents. 

The  new  channel  is  too  narrow  to  be  of  any  use  as  yet.  It  is  proposed 
to  expend  the  appropriation  of  $10,000  approved  June  18,  1878,  along 
with  the  remainder  of  the  former  approi)riation,  in  completing  the  chan- 
nel opposite  to  Pawcatuck  Point  to  the  width  of  200  feet  and  depth  of 
7J  feet  at  mean  low- water,  and  to  commence  the  deepening  of  the  chan- 
nel west  of  this,  if  there  is  money  enough. 

The  original  estimate  was  for  $51,000,  of  which  $15,000  has  been  appro- 
priated.   The  remainder,  $36,000,  is  asked  for  the  next  fiscal  year. 

This  improvement  is  in  both  the  collection  districts  of  I*rovidence,  R.  I.,  and  Ston- 
iDjirtoD,  Conn.  The  revenue  coUected  at  the  first  named  during  the  last  fiscal  year  in 
$171,553.79. 

In  October  and  ]N^ovember,  1877,  a  set  of  tide-observations  was  made 
to  verify  the  mean  low-water  plane  at  Watch  Hill,  established  ui  making 
the  survey  in  1875.  The  difterence  m  the  mean  rise  and  fall  of  tide  was 
y9     foot. 

Tlie  bench-mark  at  Pawcatuck  Pointy  to  which  mean  low-water  is  re- 
feiTed,  is  a  bolt  in  the  south  face  of  the  largest  bowlder  on  the  southwest 
side  of  Pawcatuck  Point  at  the  low- water,  line.  It  is  3.07  feet  above 
mean  low-water.  Simultaneous  observ^ations  were  made  at  Westerly 
and  Pawcatuck  Point  to  get  a  mean  low-water  for  the  upper  part  of  the 
Pawcatuck  Kiver,  the  bench-mark  to  which  the  old  mean  low- water  plane 
waa  referred  having  been  carried  away  by  ice.  The  new  bench-mark  is 
the  top  of  the  cap-log  at  southeast  comer  of  Cottrell  and  Babcock's  Wharf, 
Pawcatuck. 

It  is  marked  <B.  M>,  and  is  5.19  feet  above  mean  low-water.    This 

improvement  has  been  superintended  by  Mr.  H.  A.  Bentley,  Assistant 
Engineer. 

The  following  is  a  table  of  the  observations  made  at  Pawcatuck 
Point: 


DMle. 

High, 
vater. 

Low- 
water. 

Date. 

HiKh- 
water. 

Low- 
water. 

1878. 
Ortober20                         

Feet 
10.60 
10.90 
10.70 
11.70 
10.30 
ILOO 
11.00 
10.00 
10.50 
10.40 
10.10 
11.10 
10.70 
11.10 

Feet 
8.0 
a  10 
8.20 
7.80 
7.80 
7.90 
8.50 
8.00 
&20 
8.30 
8.00 
8.20 
8.0 
8.50 

Novembor 3      .  ..  ............. 

Feet. 
10.30 
9.60 
10.90 
10.80 
10.50 
10.70 
10.80 
10.20 
10.70 
10.20 
10.00 
0.80 
9.70 
9.80 

Feet 
7.10 

Ortober21                        

Novt?nib€»r  4 

6.70 

October  22                    

NovenilKT  5 

7.40 

Ortober  23 

Jf  ovcnibor  6    ................... 

6.70 

Ortob<»r24                         

Novell! l»or  7  

7.00 

Ottob^r25                    

November  8 

7.80 

October  2B                      

Noveniber 9 

8.10 

October 'T                      

November  10 

8.00 

October  28                         --- 

NoveinlH*r  11 

8.80 

Ortob*r  29                       

November  12 

8.70 

Oetobcrao                      

November  13  

aso 

Ih'tnl^r  ai                             ....--- 

November  14 

8.20 

November  15 

7.80 

Vnv^mlMtr  9                                     ....-• 

November  16    

aoo 

Mean  riao  and  fall  of  tide  2.63  feet. 

Money  statement 

July  1,  li?77,  amount  available |5,  000  00 

AuMunt  appropriated  by  act  approved  June  18,  1878 lo,  000  00 

1^15,  000  00 

July  1,  1878,  amonnt  expended  during  fiscal  year 4, 3*20  62 

Julyl,  1«78,  amount  available 10,679  3H 


Amonnt  (estimateil)  ref^^nired  for  completion  of  exlHting  project 
Amoont  that  caii  be  profitably  exi)ended  in  fiscal ^—  -  r — 


36,000  00 

year  endmg  June  30, 1880.     36,  000  00 
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Bl2. 

IMPROVEMENT    OF    CONNECTICUT    RIVER   BELOW    HARTFORD,    CON- 

NECTICUT. 

The  improvement  under  this  heading  consists  of  two  essentially  differ- 
ent kinds  of  work: 

First.  The  removal  of  the  shoals  that  form  every  year  during  flood 
stages  between  Middletown  and  Hartford,  a  distance  of  about  16  miles. 
The  most  important  ones  are  known  as  Hartford  Bar,  Pratt's  Ferry  Bar, 
Glastenbury  Bar,  Dividend  Bar,  and  Pistol  Point  Bar.  The  Hartford 
Bar  and  Glastenbury  Bar  have  required  dredging  every  season.  That 
at  Glastenbury  has  required  more  than  all  the  others  combined.  It 
seems  called  tor  to  make  a  special  survey  to  see  if  some  permanent  work 
can  be  done  that  will  avoid  this  large  annual  expenditure.  The  object 
of  removing  these  bars  is  to  secure  a  draught  of  9  feet  at  low-water  to 
Hartford,  and  for  tiiis  purpose  a  channel  about  60  feet  wide  has  to  be 
dredged  through  varying  distances.  An  annual  appropriation  of  about 
$5,000  is  thus  required. 

Second.  To  deepen  the  water  at  Saybrook  Bar  and  also  to  render  its 
passage  more  easy  and.  less  dangerous.  In  its  natural  condition  its 
mean  low-water  depth,  about  6  feet,  limited  the  draught  of  steam- ve^ssels 
which  had  to  enter  without  regard  to  stage  of  tide.  The  improvement 
attempted  has  been  to  deepen  the  water  on  the  bar  by  confining  its 
action  by  means  of  stone  jetties,  the  littoral  current  of  the  sound  tides 
preventing  any  extension  of  the  bar. 

The  improvement  of  the  upj)er  i)art  between  Middletown  and  Hart- 
ford has  always  been  the  most  nee<led,  and  no  money  has  been  expended 
on  Saybrook  Bar  until  the  other  was  attended  to.  Even  at  the  bar  the 
removal  of  wrecks  lying  in  the  usually  na\igated  channel  has  been  of 
more  importance  than  work  on  the  jetties,  and  these  latter  have  oidy 
been  extended  by  the  surplus  of  approi)riations  not  needed  for  the  other 
puri>oses. 

At  the  beginning  of  the  fiscal  year  dredging  was  being  done  on  the 
bars  below  Hartfonl  by  a  dredge  hired  by  the  day,  and  the  wi-eck  of  the 
schooner  E.  J.  Meany  was  being  removed  from  Saybrook  Bar  by  con- 
tract.   The  removal  of  this  wreck  was  completed  Jiily  25,  1877. 

There  were  no  fluids  remaining  to  do  any  work  upon  the  jetties  at  Say- 
brook Bar  during  the  fiscal  year. 

Dredging  was  continued  on  the  bars  above  Middletown  until  Septem- 
ber 30, 1877.  There  were  removed  from  Glastenbuiy  Bar  in  this  time 
14,231  cubic  yards,  making  a  channel  60  feet  wide  and  about  40,000  feet 
long,  with  a  depth  of  9  feet  at  low- water.  With  the  3,617  cubic  yards 
removed  in  June,  1877,  reported  in  my  last  annual  report,  there  M'ere 
removed  firom  this  bar,  diuing  the  season  of  1877,  17,848  cubic  yards  of 
material  at  a  cost  of  $5,387.50,  or  30.2  cents  per  cubic  yard.  There  were 
removed  from  Hartford  Bar  2,202  cubic  yards  of  material  at  a  cost  of 
$473.50,  or  at  a  cost  of  21.5  cents  per  yard. 

The  total  cost  for  dredging  was  $5,860,  to  which  should  be  added  $(>40 
for  superintendence,  making  the  cost  for  the  season  of  1877,  $6,5(H>. 

In  May,  1878,  the  water  had  fallen  so  low  that  the  boats  began  to 
touch  on  the  bars.  Under  date  of  May  24  authority  was  a«ke<l  to 
emx)loy  a  dredge,  tug,  and  scow,  at  a  rate  not  to  exceed  $75  per  day,  to 
be  employed  when  needed.  This  was  granted  May  28,  and  a  clnHl|re 
put  to  work  on  the  29th  on  Glastenbury  Bar.    On  the  1st  of  July  she 
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had  dredged  6,426  cubic  yards  on  making  a  channel  1,310  feet  long,  50 
feet  wide,  and  9  feet  deep  at  low- water. 

By  the  act  of  Congress  approved  June  18, 1878,  $30,000  was  appro- 
priated for  the  river  below  Hartford.  Of  this,  $2,000  is  to  be  expended 
at  the  mouth  of  Salmon  Biver.  It  is  proposed  to  do  tlus,  deepen  the 
shoals  between  Middletown  and  Hartford  where  necessary,  and  extend 
the  jetties  on  Saybrook  Bar  to  its  outer  edge. 

For  continuing  the  work  on  the  Saybrook  Bar  and  dredging  the  shoals 
between  Middletown  and  Hartford  an  additional  appropriation  is  asked. 

The  imx)ortance  of  improving  this  portion  of  the  river  will  be  increased 
with  the  improvement  of  the  portion  above  Hartfortl. 

This  part  of  the  river  is  in  the  Middletown  coUection  difltrict,  which  place  is  a  port 
of  entry.  The  revenue  collected  during  the  fiscal  year  endiug  June  30,  1878,  is 
$10,929.97. 

Money  statement. 

July  1,  1877,  amount  available ^10,713  75 

Amount  appropriated  by  act  approved  June  18,  1878 30,  000  00 

$40,713  75 

July  1,  1878,  amount  expended  during  fiscal  year 8,569  07 

July  1,  1878,  amount  available 32,144  68 

Amount  (estimated)  req^uii-ed  for  completion  of  existing  project 30,  000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  euding  Juue  30, 1880 .       30, 000  00 


B  13. 

IMPROVEMENT  OF  CONNECTICUT  RIVER  ABOVE  HARTFORD,  CONNECTI- 
CUT, AND  BELOW  HOLYOKE.  MASSACHUSETTS. 

According  to  the  recommendation  in  the  last  annual  report,  all  the 
reports  heretofore  made  were  combined  and  publication  with  the  dia- 
grams ordered  by  the  House  of  Kepresentatives  during  its  last  session.* 
This  is  in  a  measure  due  to  the  increasing  appreciation  of  the  importance 
of  tEau8i>ortation  by  water  along  the  river.  It  is  hoped  that  more  sys- 
tematic and  enlarged  appropriations  will  be  made  hereafter  in  prosecut- 
ing the  improvement  if  it  is  expected  that  any  large  results  will  be  pro- 
duced. This  i)ortion  of  the  river  is  divided  into  two  natural  divisions. 
The  first  is  from  Hartford  to  the  foot  of  the  Enfield  Rapids,  a  distance 
of  lOf  miles.  In  low  water  the  shoals  at  Barber's  Landing  Bar  do  not 
give  a  depth  of  more  than  18  inches,  and  we  are  at  present  putting  in 
wing-dams,  with  the  expectation  of  increasing  the  depth  to  3  feet.  The 
depths  on  two  bars  situated  above  this  one  were  thus  increased  in  1871, 
and  it  has  since  remained.  This  enables  light-draught  vessels  of  small 
size  to  reach  Windsor  Locks,  at  the  foot  of  the  Enfield  Falls,  and  to 
there  pass  through  the  canal  (by  paying  toll  to  the  owners)  and  on  up 
the  river  to  Springfield  and  Holyoke.  K  the  design  is  to  only  make  this 
little  use  of  the  river  the  present  appropriations  are  ample,  and  nothing 
is  needed  for  the  river  "on  or  above  Enfield  Falls  and  below  Holyoke,^ 
for  which  an  appropriation  has  been  made,  and  which  portion  forms  the 
second  divmon  of  the  river  above  Hartford. 

If  the  design  is  adopted  to  make  a  low- water  depth  of  6  feet  between 
Hartford  and  the  Enfield  Falls,  either  a  canal  must  be  built  or  the  river 
thoroughly  rectified,  which  the  estimates  already  made  show  will  cost 

*  Hoiue  Ex.  Doc.  101,  Forty-fifth  Congress,  second  session. 
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about  Jpl,000,000.  For  this  purpose  the  present  rate  of  appropriating  is 
quite  insufficient,  and  not  less  that  $100,000  a  year  will  be  required. 
This  is  the  estimate  I  have  submitted  below  for  this  part  of  the  river  for 
the  next  fiscal  year. 

In  the  money  statement  in  the  part  appropriated  we  have  included 
parts  on  hand  of  two  appropriations  applicable  to  this  part  of  the  river. 

The  appropriation  for  the  part  "  on  and  above  Enfield  Falls  and  be- 
low Holyoke  "  is  too  small  to  begin  the  new  canal  around  the  falls  with. 
I  have  ma<le  a  separate  statement  of  this,  and  estimated  for  an  appro- 
priation of  $200,000  with  which  to  commence  this  canal  and  locks. 

The  work  during  the  fiscal  year  has  been  to  complete  the  combined 
report  and  to  make  a  contract  for  building  the  wing-dams  at  Barber's 
Landing  Bar.  The  following  is  an  abstract  of  prop^als  received  after 
duly  advertising : 

Ahstrtuit  of  proposals  received  June  4,  1878,  at  10  a,  m.^for  huilding  two  st<me  wing-dams  at 
Barber's  Landing  Bar,  on  ike  Connecticut  River  near  Hartford^  Conn. 


Kame. 


Sl<bit\v  Edsall . . 
C.  C.  GcMidricb. 

Michael  O'Neil 


Address  of  bidders. 


New  York  City 

Secretary  for  Hartford  and  New  York 

TraDsportation  Company 

Hartford,  Conn 


1 

1 

^! 

1 

p. 

i 

II 

o 

Q 

P<o 

June  15 

Nor.  80 

$2  11 

May     5 

June    5 

2  75 

Jnne  15 

Nov.  SO 

4  15 

111 

|3,1«5 

4.125 
6,225 


A  contract  was  entered  into  with  Mr.  Sidney  Edsall,  the  lowest  bid- 
der. 

Connecticat  River  above  Hartford  and  below  Holyoke  is  in  the  Middletown  collec- 
tion district.  Middletown  is  the  nearest  port  of  entry.  The  amount  of  revenue  col- 
lected there  during  the  fiscal  year  ending  June  30,  1878,  was  110,929.97. 

Money  statement. 
Ahote  Hartford  and  below  Enfield  FallSy  Connecticut. 


July  1,  1877,  amonnt  available , 

July  1,  1878,  amount  expended  during  fiscal  year  , 


115,562  47 
629  71 


July  1,  1678,  amount  available 14,932  76 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880. .      f  100,000 
On  or  above  Enfield  Falls,  Connecticut,  and  below  Holyoke^  Massachusetts. 

July  1,  1877,  amount  available $10,702  92 

July  1,  1878,  amonnt  available 10,702  92 

Amount  (estimated)  required  for  completion  of  existing  project 835,801  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  200,000  00 


B  14. 

SURVEYS  AND  EXAMINATIONS  OF  CONNECTICUT  RIVER.* 

War  Department, 
WaMngton  City^  June  10,  1878. 
The  Se<5retar>'  of  War  has  the  honor  to  transmit  to  the  House  of  Rep- 
resentatives, in  response  to  the  resolution  of  the  House  dated  April  24, 

•  Printed  as  House  Ex.  Doc.  101,  Forty-fifth  Congress,  second  session. 
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1878,  copy  of  a  reiwrt  in  detail  from  Brevet  Maj.  Gen.  G.  K.  Warren, 
major  Corps  of  Engineers,  "  of  the  surveys  and  examinations  of  the 
Connecticut  River  between  Hartford,  Conn.,  and  Holyoke,  Mass.,  made 
since  1867,  under  die  direction  of  the  War  Department." 

The  suggestion  of  the  Cliief  of  Engineers  is  concurred  in,  that  the 
report  in  full,  with  its  diagrams,  be  published. 

Geo.  W.  McCbaby, 

Secretary  of  War. 
The  Speaker  of  the  House  of  Representatives. 


LETTER  OF  THE  CHIEF  OF  ENGINEERS. 

Office  of  the  Chief  of  ENaiNEERS, 

Washington^  B.  C,  June  8,  1878. 
Sir  :  I  beg  leave  to  return  herewith  the  resolution  of  the  House  of 
Representatives  of  April  24,  1878,  which  was  referred  to  this  office  for 
reiK)rt,  viz :  "  That  the  Secretary  of  War  be  requested  to  furnish  to  the 
House  of  Representatives,  as  soon  as  practicable,  a  report  in  detail  of 
the  surveys  and  examinations  of  the  Connecticut  Kiver  between  Hart- 
foixl,  in  Connecticut,  and  Holyoke,  in  Massachusetts,  made  since  1867, 
under  the  direction  of  the  War  Department,'^  and  in  compliance  with  its 
requirements  to  submit  the  accompanying  copy  of  a  rejwrt  from  Bvt. 
Maj.  Gen.  G.  K.  Warren,  major  Cori)s  of  Engineers,  the  officer  under 
whose  suI)er^^sion  the  improvement  of  the  Connecticut  River  is  now 
being  carried  on. 

General  Warren's  report  is  very  full,  and  it  is  believed  will  furnish  all 
of  the  information  contemplated  by  the  resolution. 

I  concur  in  his  suggestions  that  the  report  in  fall,  with  its  diagrams,  be 
published. 

Very  respectfully,  your  obedient  servant, 

A.  A.  Humphreys, 
Brigadier- Oen^al  and  Chief  of  Engineers. 
Hon.  Geo.  W.  McCrary, 

Secretary  of  War. 


REPORT. 

Engineer  Office,  United  States  Army, 

Neicporty  R.  J.,  May  4, 1878. 

Sir:  The  matter  of  "  a  report  in  detail  of  the  surveys  and  examina- 
tions of  the  Connecticut  River  between  Hartford,  in  Connecticut,  and 
Holyoke,  in  Massachusetts,  made  since  1807,  under  the  direction  of  the 
War  Department,'^  having  been  referred  to  me  to  furnish  the  necessary 
information,  I  have  the  honor  to  submit  the  following : 

In  the  act  making  appropriations  for  the  "  repair,  preservation,  &c., 
of  certain  public  works,  ♦  ♦  ♦  and  for  other  purposes,"  approved 
March  2,  1867,  was  an  appropriation  "  for  examinations  and  surveys  ^ 
at  places  named  in  the  fourth  section  of  the  act,  one  of  which  was  the 
Connecticut  River  between  Hartford  and  its  mouth.  (See  Stat,  at  Large, 
vol.  14,  p.  418.) 

The  rei)ort  of  this  examination  and  survey  was  transmitted  to  Con- 
gress in  February,  1868,  and  is  printed  as  H.  Ex.  Doc.  No.  153, 
Fortieth  Congress,  second  session.    Brevet  Col.  D.  C.  Houston,  Corps 
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of  Engineers,  directed  this  work,  assisted  by  Mr.  Theodore  G.  Ellis, 
civil  engineer,  the  latter  conducting  the  operations  in  the  field  and 
fdi-nishing  the  detailed  report  The  estimated  cost  of  improvements 
below  Hartford  was  $70,000.  No  report  is  made  concerning  the  part  of 
the  river  above,  except  in  Ellis's  report,  on  page  10,  where,  under  the 
heading  "  Character  of  the  river,''  a  general  description  of  the  river 
is  given.  This  report  is  republished  in  the  Annual  Report  of  the  Chief 
of  Engineers  for  1868,  Appendix  P3,  pp.  754-784. 

The  act  making  appropriations  for  rivers  and  harbors,  approved  July 
25,  1868,  made  no  provisions  for  improving  the  Connecticut  liiver.  (See 
Stat,  at  Large,  vol.  15,  p.  171.) 

The  act  for  the  same  purpose^  approved  April  10, 1869,  also  made  no 
api)ropriation  for  the  Connecticut  River.  (See  Stat,  at  Large,  vol.  16, 
p.  44.) 

The  act  for  rivers  and  harbors,  &c.,  approved  July  11, 1870,  appropri- 
ated "  for  improvement  of  Connecticut  River,  forty  thousand  dollars." 
(See  Stat,  at  Large,  voL  16,  p.  223.) 

The  changes  of  stations  of  engineer  officers  in  June,  1870,  brought  this 
improvement  under  the  charge  of  the  writer  of  this  report. 

It  should  be  noted  in  regard  to  this  appropriation,  that  inasmuch  as 
there  had  been  no  estimate  made  by  tlie  Engineer  Department,  under 
provisions  of  law,  for  an  improvement  of  the  Coimecticut  River,  except 
below  Hartford,  and  that  inasmuch  as  the  amount  appropriated  by  the 
act  ai)proved  July  11, 1870,  was  less  than  that  estimate,  it  was  reason- 
able to  think  that,  in  the  absence  of  any  mention  of  si)ecific  place  of 
application  of  the  money,  it  was  aU  intended  for  the  part  below  Hartfoixl. 
Tlie  Hon.  P.  Sawyer,  member  of  the  House  from  Wisconsin,  however, 
informed  the  Engineer  Department  that  it  was  understood  among  the 
members  of  Congress  interested  in  the  Connecticut  River  improvement 
that  half  of  the  apprpi>riation  was  to  be  used  in  ISIassachusetts  and 
half  in  the  State  of  Connecticut.  Inquiry  among  those  members 
showed  that  this  was  their  luiderstanding,  and  consequently  only 
$20,000  was  allowed  to  the  part  of  the  Connecticut  River  below  Hart- 
ford. The  condition  of  the  matter  up  to  this  time  was  given  in  the  An- 
nual Rex)ort  of  the  Chief  of  Engineers  for  1870,  at  pp.  74,  75,  and  in  Ap- 
pendix U,  pp.  446-448. 

The  continuation  of  the  somewhat  complicated  account  of  the  im- 
provement of  the  river  above  Hartford  (in  which  the  questions  of  sur- 
veys and  examinations  and  of  improvements  are  difficult  to  sei)arate) 
was  given  in  the  Annual  Report  of  the  Chief  of  Engineers  for  1871,  p. 
85,  and  in  the  Appendix  T  8,  pp.  756-758.  From  page  761 1  quote  the 
following : 

A  little  investifration  showed  that  the  idea  of  iinproyenient  which  wonld  jump  the 
space  between  Hartford  and  the  boundary  of  Massachusetts  and  begin  work  in  that 
State,  must  have  arisen  from  some  misapprehension.  The  navigation  as  it  is  between 
Hartford  and  the  Massachusetts  line  is  so  bad  that  any  improvement  above,  while 
this  remains  the  same,  would  be  nearly  worthless. 

I  therefore  addressed  a  letter  to  the  Hon.  S.  W.  Kellogg,  meml>er  of  Conp^ss  from 
Connecticut,  requesting  him  to  confer  with  the  other  meinbers  of  Ccmgress  iutt^rested 
in  the  improvement,  and  infonu  you  (the  Chief  of  Engineers)  whether  the  understand- 
ing was  not  that  the  improvement  should  be  made  by  exx)ending  lialf  the  appropria- 
tion of  140,000  above  Hartford,  and  half  below. 

On  the  19th  of  Decemlier,  1H70,  I  received  a  communication  from  you  (the  Chief  of 
Engineers),  'dated  December  16,  stating  that  fonner  restrictions  upon  the  appropria- 
tions were  withdrawn,  and  that  I  was  authorized  to  exi)end  it,  or  as  much  of  it  as  I 
de«med  necessary,  above  Hartford. 

Accordingly,  on  the  20th  of  December,  I  gave  orders  to  General  Theodore  G.  Ellis, 
ciWl  engineer,  my  assistant,  to  make  a  rejjort  on  the  navigability  of  the  Connecticut 
Eiver  as  far  up  as  the  north  Iwundary  of  Massachusetts,  and  survey  such  parts  al)ove 
Hartford  as  it  was  best  to  improve  with  the  ^,000. 
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These  examinations  and  surveys  were  prosecuted  in  the  depth  of  win- 
ter, and  his  report  was  submitted  to  me  dated  March  4,  and  transmitted 
with  a  report  from  me  dated  March  15, 1871. 

The  plan  decided  upon  by  this  rei)ort  was  for  disbursing  the  $20,000 
between  Harttbrd  and  the  Enfield  Falls,  and  requiring  for  wing-<lains, 
&c.,  abont  $17,000.  The  remainder,  $3,000,  was  required  to  make  the 
surveys  and  enguieeriug  plans.    The  wing-dams  were  to  be  as  follows : 

At  Higley's  Point,  600  cnbic  yanls  of  stone,  at  |3 ^1,800 

At  Barl)eV8  Landing,  900  cubic  yanls  of  stone,  at  $3 2,  700 

At  Timxis  River  Bar,  700  cnbic  yards  of  st-one,  at  $3 2, 100 

At  Stnmg's  Island,  560  cubic  yards  of  stone,  S^J 1,  680 

At  Seantic  River,  2,880  cnbic  yards  of  stone,  |3 8,640 

For  removal  of  stumxm 80 

17,000 

General  Ellis  estimated  roughly  that  a  suitable  dam  and  lock  for 
passing  the  Enfield  Falls,  independent  of  the  locks  and  canal  belonging 
to  tlie  present  water-power  company,  would  cost  $iSoO,(M)0. 

The  foregoing-named  reports  by  myself  and  my  assistant,  General 
Ellis,  are  the  first  of  the  examinations  and .  surveys  made  on  tlie  Con- 
necticut River  above  Hartford  since  1867.  Tliey  take  a  general  \iew  of 
the  whole  question  of  navigation  of  the  Connecticut  River,  and  theoi»in- 
ions  of  other  ])arties  are  discussed.  They  are  priiite<l  in  the  Annual  Re- 
port of  the  Chief  of  Engineers  for  1871,  pp.  700  to  708.  General  P^Uis's 
report  is  a  part  of  the  subreport  made  to  accompany  this  one  from  me. 

In  all  the  subsequent  surveys  and  control  of  the  work,  General  Ellis 
had  charge  of  the  work  in  the  field  under  my  direction,  and  his  reports 
give  the  engineering  operations  and  plans  and  estimates  in  detail,  while 
my  reports  give  an  account  of  the  general  direction  of  the  work,  of  the 
disbursements,  of  the  reasons  for  the  course  of  investigation  jmraued, 
and  a  siunmarj'  of  the  most  important  results.  Tliere  are  no  differences 
between  our  reports  on  any  questions.  His  rei>orts  were  always  at- 
tacluMl  to  mine  as  subreports,  and  I  have  attached  them  all  to  this  report. 
Rut  in  order  to  preserve  the  continuity  of  eacih,  I  have  had  him  ^\Tite 
all  of  hiti  reiKirts  as  one  final  subreport  to  tliis  one  from  me,  and  mine 
are  aU  unite^l  together  so  as  to  read  continuously  here ;  rewriting  such 
partj^  as  are  necessary'  to  make  them  ai)pear  properly  under  this  arrange- 
roent,  and  omitting  parts  not  now  required. 

In  the  act  for  rivers  and  harlwrs.  api)roved  March  3,  1871,  there  was 
appropriated  "  for  improvement  or  Connecticut  River  above  Hartford 
and  l)elow  Holyoke,  $20,000."    (See  Stat,  at  Large,  vol.  16,  p.  o3S.) 

In  May,  187i,  advertisements  for  proposals  with  specifications  as  to 
kind  of  work  in  constructing  the  wing-dams,  &c.,  between  Hartford  and 
the  Eniield  Falls,  and  the  resulting  proposals  are  i)ublished  on  i)p.  758, 
750,  Annual  Rei)ort  of  Chief  of  Engineers  for  1871,  in  the  table  under 
tlie  heading  *'  Wing-dams.'^  The  work  was  awarded  to  the  lowest  bid- 
der, C.  McClellau  &  Son,  Springfield,  Mass.,  the  price  being  $2.40  per 
cubic  yard  nieasure<l  in  the  dams ;  and  on  page  700  of  the  report  just 
n*ferr»d  to  above,  the  contractors  were  reported  at  date  of  August  31, 
1871,  to  \ye  at  work  on  the  Seantic  River  Bar. 

Differing:  ^news  of  the  proper  manner  of  imi)roving  the  navigation 
above  Hartford  have  now  become  developed.  Some  i)ersons  contended 
that  Congress  never  designed  that  the  Enfield  Rapids  should  be  im- 
proved, which  idea  the  uicompetency  for  such  a  work  as  the  amount 
appropriated  seemetl  to  favor;  while  others  residing  above  the  falls, 
among  whom  was  Mr.  Buell,  the  city  engineer  of  Springfield,  Mass.,  held 
that  the  falls  must  be  improved,  because  of  the  insufficiency  of  the 
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existing  canal,  and  its  onerous  tolls  upon  vessels  using  it.  The  capacity' 
of  this  canal  is  fully  reported  in  General  Ellis's  reports,  but  it  may 
be  as  well  to  repeat  here  that  it  is  limited  to  boats  of  about  80  feet 
length,  18  feet  width,  and  3  feet  to  4  feet  draught  of  water. 

I  therefore  thought  it  best  to  have  a  thorough  survey  made  of  the 
Enfield  Falls,  and  a  plan  of  improvement  devised  with  a  reliable  esti- 
mate of  cost,  and  it  was  begun  as  in  all  other  cases,  with  the  approval 
of  the  Engineer  Department,  during  the  simimer.  This  report,  and  esti- 
mates made  from  this  survey  were  completed  and  submitted  to  Congress 
in  February,  1872,  and  are  printed  without  maps  as  H.  Ex.  Doc.  No. 
142,  Forty-second  Congress,  second  session,  and  repeated  in  the  Annual 
Report  of  the  Chief  of  Engineers  for  1872,  pp.  835  to  860,  where  account 
of  the  work  is  made  continuous  fipom  the  time  of  the  preceding  annual 
report 

Congress,  by  act  approved  June  10,  1872,  appropriated  "  for  the  im- 
provement of  the  Connecticut  River  on  or  above  Enfield  Falls,  and 
below  HolyokCj  $26,000."    (See  Stat  at  Large,  vol.  17,  p.  370.) 

It  is  stated  m  the  annual  report  ibr  the  year  1872,  in  regard  to  the 
improvements  by  wing-dams,  made  in  1871,  that  the  work  was  satis- 
factorily done  at  Scantic  River  Bar,  Strong's  Island  Bar,  and  Farming- 
ton  River  Bar,  but  was  stopped  by  high  water  in  the  river,  and  nothing 
more  could  be  done  upon  the  other  bars  during  the  fiscal  year  ending 
June  30, 1872.  Of  the  $17,000  assigned  to  this  work,  but  $12,000  was 
exi)ended  on  the  dams. 

To  preserve  the  continuity  of  my  history  of  the  work,  I  will  here 
quote  my  report  dated  January  18, 1872,  after  the  completion  of  the 
survey  and  plans  for  improving  the  Enfield  Falls. 

General  Ellis's  re^wrt  on  the  same  subject  comes  in  its  regular  order 
in  the  attached  subreport. 

improvement  of  the  connecticut  river  above  hartford. 

Engineer  Office,  United  States  Army, 

Newpartf  Rhode  Island,  January  18,  1872. 
General  :  I  have  the  honor  to  make  the  foUowing  report  of  operations  for  the  im- 

Srovement  of  the  Connecticut  River  above  Hartford,  Conn.,  and  below  Holyoke,  Maas., 
uring  the  last  half  of  the  year  1871 : 

The  condition  of  this  work  at  the  date  of  my  last  annual  report,  August  31,  1871,  is 
given  in  your  printed  last  annual  report,  pp.  756  to  768  inclusive.  iTom  this  it  ap- 
pears that  the  first  |20,000  appropriatea,  approved  July  11,  1870,  for  the  river  alwve 
Hartford,  had  been  devoted  to  surveying  and  improving  the  river  by  wing-dams  be- 
tween Hartford  and  Windsor  Locks,  and  that  the  work  was  then  in  progress  on  Scantic 
Bar.     (Seep.  760.) 

The  appropriation  of  $20,000,  approved  March  3,  1871,  was  made  specifically  to  em- 
brace the  Enfield  Falls,  and  yet  so  small  an  amount  would  seem  to  indicate  that  with 
regard  to  an  ol)struction  of  such  magnitude,  nothing  beyond  a  thorough  survey  and 
examination  of  the  river  could  have  l>een  contemplated,  although  it  was  too  large  an 
amount  for  an  ordinary  survey. 

Had,  however,  the  appropriation  been  large  enough  to  justify  an  attempt  to  improve 
the  navigation  at  the  Enfield  Falls,  it  would  nevertheless  in  this  case  have  been  neces- 
sary to  make  a  survey  and  elaborate  a  plan.  A  survey  being  jthus  a  first  requisite,  I 
directed  one  to  be  made  by  the  assistant  in  charge  of  the  Connecticut  River  improve- 
ments. This  assistant  is  General  Theodore  Q.  Ellis,  civil  engineer,  a  resident  of  Hart- 
ford, Conn, 

The  survey  was  in  progress  at  the  time  of  my  last  annual  report.    fSee  p.  7C3.) 

During  the  first  part  of  October  I  made  a  personal  examination,  in  company  with 
Greneral  Ellis,  of  the  falls  and  the  existing  canal  around  them  on  the  west  shore  of  the 
river.  As  it  was  im])ortant  in  engineering  for  such  an  exi)ensive  work  to  take  cogni- 
zance of  the  capabilities  of  the  river  for  navigation  above  and  below,  we  extended  our 
examination  up  to  and  including  the  water-power  dam  at  Miller's  Falls,  about  thirty- 
two  miles  above  Holyoke.    After  a  thorough  i)erBonal  discussion  with  General  Ellis  on 
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the  mam  points  to  be  considered,  1 1^  it  with  him  to  prepare  the  report,  and  I  trans- 
mit it  herewith. 

It  is  more  especially  devoted  to  the  improvement  of  the  Enfield  Falls  or  Rapids,  but 
takes  into  the  discussion  of  its  value  and  importance  the  capacity  for  navigation  of 
the  river  above  and  below  it.  With  regard  to  the  special  part,  the  falls,  the  subject 
is  very  completely  and  clearly  presented,  and,  though  so  concise  as  to  be  soon  read 
through,  it  is  exhaustive. 

The  Enfield  Falls  are  entirely  in  the  State  of  Connecticut.  It  would  be  perhaps 
sufficient  for  me  to  stop  here  with  my  report ;  but  in  order  to  aid  those  who  are  will- 
ing to  adopt  the  conclusions  and  have  not  time  to  thoroughly  consider  the  matter 
themselves,  I  will  endeavor  to  give  some  of  the  leading  features  and  conclusions 
arrived  at,  with  certain  military  matters  of  incidental  importance  which  General  Ellis 
has  apparently  left  to  me  to  present. 

Hartford,  on  the  Connecticut  River,  is  about  49  miles,  by  the  course  of  the  chan- 
nel, from  the  sound,  and  since  the  improvements  of  the  last  two  years  can  be 
reached  by  vessels  of  from  7i  to  8  feet  draught  at  low  tide.  The  tide  in  low  stages  is 
sensible  here  and  amounts  to  about  one  foot. 

FYom  Hartford  to  the  foot  of  the  Enfield  Falls  the  distance  is  lOf  miles,  and  by  an 
examination  in  low-water  of  1870  there  was  in  some  places  a  depth  over  the  bars  of 
only  about  15  inches.  The  bed,  however,  was  sandy  and  very  broa<l,  and  the  volume 
of  the  water  flowing  was  about  4,000  cubic  feet  a  second  on  a  gentle  slope.  Within 
this  space  the  tide  becomes  insensible.  After  I  have  finished  with  the  plan  of  im])rov- 
ing  the  Enfield  Falls,  I  shall  recur  to  the  question  of  improving  this  reach  of  river. 

Th^  Enfield  Falls  extend  up  the  river  5^  miles,  the  head  of  them  being  16  miles  above 
Hartford.  The  bed  of  the  river  is  here  continuous  rock,  and  the  total  fall  at  low- 
water  is  31.8.  The  fall  is  not  uniform,  but  arranged  in  slopes,  as  follows :  Beginning 
at  the  heacL  in  first  4,800  feet,  falls  10.1  feet ;  in  next  7,600  feet,  falls  1.7  feet ;  in  next 
8,800  feet,  falls  17.8  feet ;  in  next  6,500  feet,  falls  2.2  feet.  The  slope  becomes  more 
uniform  as  the  river  rises.  At  the  highest  floods  the  total  fall  is  17.6  feet.  The  rise 
from  lowest  to  highest  water  at  the  head  of  the  falls  is  about  20  feet :  at  the  foot  of 
the  falls,  30  feet.  The  volume  at  high-water  is  about  162,000  cubic  feet  per  second. 
General  Ellis  gives  these  quantities  in  more  detail,  but  enough  is  here  stated  to  show 
any  engineer  that  navigation  around  such  an  obstruction  can  only  be  obtained  at  con- 
siderable expense. 

There  is  practically  no  natural  navigation  at  these  falls,  and  it  is  enough  here  to 
say  that  the  improvement  of  the  natural  channel  so  as  to  procure  the  navigation  de- 
sired is  impossible. 

The  existing  canal  is  limited  by  the  capacity  of  its  locks  to  passing  boats  77  feet 
long,  18  feet  wide,  although  as  a  canal  it  is  a  respectable  work. 

From  the  Enfield  Falls  to  Uolyoke,  a  distance  of  18  miles,  there  is  now  at  ordinary  low- 
water  a  depth  for  navigation  said  to  be  from  4  to  5  feet.  Some  improvement  will,  how- 
ever, undoubtedly  be  required  to  realize  this,  and  draws  will  have  to  be  made  in  the 
bridges.  Holyoke  is  34  miles  above  Hartford.  At  Holyoke  a  dam  has  been  constructed 
across  the  river,  and  canals  for  the  water-power  constructed  on  the  west  side  of  the 
river,  which  can  at  not  very  great  expense  be  altered  and  adapted  to  the  passage  of 
boats,  and  it  would  probably  oecome  profitable  to  do  so  as  soon  as  vessels  could  reach 
there  from  below.  At  Holyoke  the  lockage  would  have  to  raise  vessels  a  height  of  60 
feet. 

From  Holyoke  to  the  foot  of  Miller^s  Falls,  a  distance  of  66  miles  above  Hartford,  the 
river  contains  no  serious  obstructions,  flows  over  a  sandy  bed,  and  is  susceptible  of 
oitlinary  river  improvements,  but  I  do  not  know  its  present  capabilities.  If  naviga- 
tion should  ever  be  made  continuous  to  this  point,  it  would  then  be  in  connection  with 
the  low-grade  railroad  passing  through  the  Hoosac  Tunnel,  now  in  a  fair  way  of  early 
completion.  It  does  not,  however,  seem  even  remotely  probable  that  it  will  pay  to 
construct  a  canal  around  Miller's  Falls ;  and  thus  we  are  limited  in  our  consideration 
of  the  value  of  the  improvement  of  the  Enfield  Falls,  first,  to  the  34  miles  of  river 
between  Hartford  and  Holyoke,  and,  proximately,  to  the  additional  32  miles  between 
Holyoke  and  Miller's  Falls. 

I  will  now  proceed  to  the  consideration  of  the  improvements  at  the  Enfield  Falls. 

General  Ellis  considers  estimates  for  and  discusses  the  advantages  and  disadvantages 
of  five  different  plans.    In  general  terms,  he  first  states  them  as  follows : 

First  plan. — ^A  canal  on  the  west  side  of  the  river,  extending  from  the  present  dam  at 
the  head  of  the  rapifls,  parallel  to  the  old  canal,  down  to  a  point  Just  above  the  village 
of  Windsor  Locks ;  and  a  channel  to  the  deep  water  below,  to  be  formed  by  excavating 
in  the  bed  of  the  river.    Cost,  $1,293,868. 

Second  plan, — ^A  canal  on  the  east  side  of  the  river  from  the  dam,  at  the  head  of  the 
rapids,  to  the  deep  water  below  the  rapids.     Cost,  $869,636. 

Third  plan, — ^To  dam  the  river  at  the  head  of  King's  Island,  or  a  little  below,  and 
continue  downward  with  a  canal  on  the  east  side  of  the  river  to  the  deep  water  below. 
Cost,  $961,609.  • 
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Fourth  plan, — ^To  dam  the  river  at  a  point  neat  the  Enfield  bridge,  and  lock  into  the 
river  below ;  dam  it  aeaiu  Just  below  the  railroad  bridge  near  Windsor  Locks  and  con- 
tinue with  a  canal  to  tne  foot  of  the  rapids.    Cost,  |l,ij22,308. 

Fifth  plan, — ^To  improve  the  old  canal  so  as  to  be  navigable  for  boats  of  increased 
size.     Cost,  $1,907,565. 

The  discussion  of  these  plans  justifies  General  Ellis  in  rejecting  the  first,  fourth,  and 
fifth  plans  above  stated,  leaving  him  only  to  choose  between  the  second  and  third,  and 
a  modification  of  the  fifth,  by  which  the  old  canal  would  be  but  partially  improved  at 
the  present  time. 

After  fully  considering  the  arguments  he  presents,  I  am  in  favor  of  adopting  the 
second  plan  proposed  by  him,  provided  no  imexpected  obstacles  should  be  met  in  secur- 
ing a  right  of  way.  I  therefore  adopt  as  the  estimate  for  improving  the  Enfield  Falls, 
1869,6:^  or,  in  round  numbers,  $870,000. 

The  least  width  of  the  canal  is  to  be  150  feet  on  the  water-line,  and  it  will  have 
three  lift-locks  to  overcome  the  fall  of  31.8  feet,  whose  dimensions  are  to  be  200  feet  in 
length,  50  feet  in  width,  and  to  have  6  feet  of  water  on  the  lower  miter-sills. 

An  estimate  of  these  proportions  requires  a  brief  statement  of  the  causes  which  have 
led  to  its  being  made  and  brought  to  the  attention  of  the  government. 

In  the  appropriation  act  approved  July  11,  1870,  there  was  an  approjiriation  of 
$40,000  for  improving  the  Connecticut  River,  which  was  made  after  an  estimate  had 
been  submitted  for  miproving  this  river  below  Hartford,  made  in  accordance  with 
section  4  of  the  act  for  improvement  of  rivers  and  harbors,  approved  March  2,  1867. 
In  this  section  of  this  last-named  act  the  present  question  took  its  origin. 

The  appropriation  of  $40,000,  in  1870,  was  coupled  with  an  understanding  among 
members  of  Congress  that  $20,000  should  be  expenaed  above  Hariford,  in  which  portion 
of  the  river  no  surveys  or  estimates  had  been  directed  by  Congress,  or  made  by  any 
department  of  the  government.  After  considerable  delay,  in  1870,  in  ascertaining 
whether  this  understanding  by  members  of  Congress  meant  that  the  $20,000  should  be 
spent  in  Massachusetts  (thus  skipping  over  the  Enfield  Falls  and  the  shoals  between 
tnem  and  Hartford),  or  not^  the  conclusion  was  arrived  at  about  the  middle  of  Decem- 
ber, 1870,  that  this  fimd  might  be  expended  satisfactorily  to  all  parties  by  beginning 
at  Haitford  and  working  upward.    This  was  evidently  the  only  sensible  conclusion. 

During  the  winter  an  examination  of  the  river  throughout  the  State  of  Massachusetts, 
and  the  survey  of  the  ten  and  one-fourth  miles  between  Hartford  and  the  foot  of  the 
Enfield  Falls,  were  made  as  well  as  conld  be  at  that  season,  and  a  plan  submitted  for 
spending  the  $20,000  in  wing-dams  betw^een  Hartford  and  the  falls.  (See  pp.  756  to  768, 
inclusive,  of  your  printed  annual  report  for  1871.) 

The  plan  thus  submitted  did  not  comprehend  a  thorough  improvement  of  the  river, 
but  simply  such  ameliorations  of  the  existing  navigation  as  the  amount  of  the  appro- 
priation seemed  to  contemplate,  and  thus  facilitate  the  passage  of  such  boats  as  were 
now  nmning,  and  suited  to  the  capacity  of  the  existing  canal  around  the  Enfield  Falls. 

This  work  has  been  prosecuted  during  the  past  season  at  the  Scantic  River  Bar, 
Strong's  .Island  Bar,  and  Farming^n  River  Bar,  where  wing-<lams  have  been  built. 
The  work  was  interrupted  before  completion  by  a  rise  in  the  river,  and  about  $5,000 
of  the  appropriation  applicable  to  this  work  remains  unexpended. 

We  shall  have  to  wait  till  after  the  subsidence  of  the  next  spring  freshets  before  we 
can  fully  determine  the  ettect  which  this  work  has  i)roduced. 

By  the  act  for  improving  rivers  and  harbors  approved  March  3,  1871,  Congress  ap- 
propriated $20,000  for  improving  the  Connecticut  River  alK)ve  Hartford  and  below 
Holyoke,  thus  specifically,  by  law,  including  the  Enfield  Falls,  as  stated  in  the  begin- 
ning of  this  report.  This  law,  however,  would  have  allowed  us  to  go  on  and  ex))end 
this  additional  money  between  Hartford  and  the  foot  of  the  falls,  as  certain  citizens  of 
Windsor  Locks  claimed  that  it  was  intende<l  we  should ;  but  there  was  an  equally 
argent  request  from  citizens  of  Springfield,  Massachusetts,  claiming  that  there  was 
no  use  of  improving  the  river  below  the  falls  while  the  latter  remaiueil  in  their  present 
condition. 

To  those  acquainted  with  the  magnitude  of  the  improvement  required,  it  seemed 
impossible  that  Congress  should  have  ever  coutemplated  beginning  the  improvement 
of  the  Connecticut  River  above  Hartford  and  below  Holyoke  with  $20,000.  But  as 
Congress  had  made  this  appropriation  without  having  any  plans  and  estimates  of  cost 
before  it,  there  seems  a  probability  that  the  extent  of  the  work  to  be  done  had  not 
been  realized,  and  that  tnerefore  the  best  thing  to  do  was  to  expend  only  so  much  of 
the  appropriation  as  was  necessary  to  prepare  an  estimate  f  which  would  have  to  be 
done  even  if  the  appropriation  were  suHicient  to  complete  the  work)  and  submit  the 
question  again  to  Congress  before  proceeding  further. 

It  will  not  do,  however,  to  take  the  estimate  of  the  amount  required  for  the  Enfield 
Falls  ($870,000)  as  the  sum  that  will  make  an  equally  good  navigation  all  the  way 
from  Hartford  to  Holyoke,  and  I  therefore  return  to  the  consideration  of  the  improve- 
ment of  the  river  between  Hartford  and  the  Enfield  Falls.  Between  these  points  the 
river,  in  its  natural  state,  at  low-water  has  a  depth  on  th^bars  of  about  16  inches,  and 
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the  effect  of  the  tide  is  generally  imperceptihle  in  the  npper  parts.  The  slope  of  the 
low-Tvater  surface  is  abont  ft  foot  jier  mile,  the  width  varying  from  500  to  1,500  feet, 
and  the  volume  about  4,000  feet  per  second. 

An  application  of  the  Humphreys  and  Abbot  formula  (No.  38,  p.  312,  Physics  and 
Hydramics  of  the  Mississippi  River)  shows  that  this  volume  on  this  slope  is  capable  of 
maintaining  a  section  508  feet  wide,  with  a  mean  depth  of  4  feet,  and  mean  velocity 
of  about  2  feet  a  second. 

It  would  not  be  advisable  to  attempt  to  make  the  river  at  low-water  narrower  than 
this  for  the  purjiose  of  securing  a  greater  depth.  This  would  be  sufficient  for  the 
comparatively  short  period  of  low- water,  and  a  slight  rain  would  easily  make  a  depth 
of  6  feet,  which  is  the  capacity  of  the  locks  of  the  proposed  new  canal. 

The  bed  of  the  river  is  ordinary  river-sand,  and  easily  moved  by  the  current.  The 
depth  of  the  bed-rock,  or  hard-pan,  beneath  this  sand,  has  not  been  ascertained, 
although  this  is  an  important  matter  in  estimating  the  difficulty  of  making  any  per- 
manent works  in  the  bed  of  the  stream. 

Most  of  the  ameliorations  to  low-water  navigation  of  non-tidal  rivers  in  this  country 
that  have  been  undertaken  by  "practical  men''  have  been  of  a  temporary''  nature, 
designed  to  afford  immediate  reliei  or  at  most  to  last  but  a  season,  or  till  the  next  rise, 
and  with  the  expectation  that  the  succeeding  spring-floods  would  carry  them  away. 

Were  we  to  regard  the  improvement  of  the  navigation  from  the  point  of  view  fur- 
ni.shed  by  the  low-water  data  above  given,  and  suppose  the  river  always  to  remain  the 
same,  the  improvement  of  it  by  confining  its  low-water  bed  to  a  width  of  400  or  500 
feet  would  be  cheap  and  simple. 

But  we  must  from  the  beginning  take  into  account  the  floods  of  the  river,  and  the 
volume  to  which  our  works  for  the  amelioration  of  low-water  navigation  will  be  sub- 
jected in  high-water.  The  high-water  volume  of  the  river  is  about  162,000  cubic  feet 
per  second.  It  rises  nearly  30  feet  above  its  low  stage,  overflows  its  ordinary  banks, 
and  spreads  out  over  a  broad  valley.  There  are  probably  maximum  velocities  of  6  and 
7  miles  an  hour  in  floods,  while  at  low  stages  they  cannot  exceed  2  and  3  miles  an 
hour. 

The  low-wat«r  slope,  foot  ft  per  mile,  which  I  have  given  is  the  average  between 
Hartford  and  the  Enfield  Falls ;  it  is  much  greater  at  certain  points  at  low-water,  but 
if  the  river-channel  is  reduced  uniformly  to  a  width  of  500  feet  by  artificial  works,  a 
luiiform  slope  would  result. 

The  most  perfect  example  of  a  river  reduced  to  a  uniform  width  with  which  I  am 
acquainted  is  the  Oaronne,  in  France,  which  has  been  thus  rectified  over  a  distance  of 
forty-one  miles. 

The  Connecticut  is  a  river  of  somewhat  greater  magnitude,  but  presents  no  greater 
difficulties  except  in  its  ice.  The  ice  on  the  Connecticut  is  an  obstacle  to  our  making 
use  of  the  simple  means  of  piles  and  wattling  adopted  there  in  the  cross  or  tie  banks 
between  the  new  and  old  banks  of  the  river,  and  we  must  resort  almost  entirely  to 
riprap,  aided  by  such  bond  as  ordinary  brush  mingled  with  it  will  give. 

It  18  almost  obvious  that  any  riprap  walls  cannot  rest  permanently  on  a  sandy  bed 
during  the  floods  of  the  river.  Experience  has  shown  in  every  case  that  the  amount 
of  stone  used  must  be  sufficient  to  take  the  place  of  the  sand  as  it  is  washed  out,  and 
sink  down  till  it  gets  a  firm  resting-place  on  the  bottom  rock.  I  know  of  no  excep- 
tion to  this  rule  in  practice,  and  nothing  else  seems  rational. 

In  the  Connecticut  River,  between  Hartford  and  Enfield  Falls,  this  bed-rock  cannot 
anywhere  be  less  than  10  feet  below  the  low-water  surface,  and  I  believe  it  is  much 
deeper  down  to  it. 

Not  having  thus  the  data  for  an  accurate  estimate,  I  wiU  present  the  general  features 
of  the  improvement  by  rectifying  the  channel  so  as  to  secure  a  depth  of  4  feet  at  low- 
water,  from  which  it  will  appear  that  this  w^ill  involve  an  expenditure  between  Hart- 
ford and  the  Enfield  Falls,  not  less  than  for  the  improvement  at  the  falls  themselves. 

Let  us  take  one  of  the  natural  banks  as  our  new  rectified  river-bank,  changing  from 
side  to  side  as  may  prove  best.  We  must  rh)rap  this  bank  so  that  its  future  abrasion 
shall  not  take  place.  Let  us  suppose  that  from  the  bottom  of  the  rock-bed  to  the  top 
is  27  feet,  and  make  the  covering  1  foot  thick.  This  will  require  5,280  yards  per  mile, 
at  |2,  $10,560.  Our  new  bank-hue  must  rise  3  feet  above  low-water,  be  3  feet  wide  on 
top,  slope  45°  each  way,  and  extend  down  not  less  than  13  feet,  requiring  about  7f 
cubic  yards  per  foot,  or  40,95M)  cubic  yards  per  mile,  at  $2,  |81,840  per  mile. 

Between  our  new  bank  and  the  old  one  on  the  side  opposite  where  we  want  the 
channel  we  must  put  the  same  kind  of  walls  normal  to  our  new  bank,  in  order  to  keep 
the  river  from  going  on  that  side.  These  walls  should  be  close  together  on  the  upper 
side  of  bends  where  the  current  is  strong,  and  less  so  on  the  lower  sides  of  the  points, 
but  cannot  be  dispensed  with  there,  because  of  the  currents,  direct  and  in  e<ldies.  I, 
however,  for  this  estimate,  average  the  distance  for  them  apart  at  500  feet.  The  sandy 
bed,  being  1,500  feet  wide,  will  require  these  to  be  1,000  feet  long.  They  must  be  the 
same  in  strength  at  least  as  the  new  bank-line  Just  estimated  for,  and  there  will  con- 
sequently be  required  for  them  81,840  cubic  yards  per  mile,  at  |2,  |163,680  per  mile. 
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The  old  bank  against  which  these  tie-walls  abut  will  be  subject  to  abrasion  both 
from  direct  currents  and  eddies,  which  will  work  a  cliannel-way  between  the  tie-walls 
and  it«elf  uuless  riprapped,  and  this  will  take  as  much  stone  as  for  the  first  main  bank, 
namely,  5,280  yards  per  mile,  at  $2,  910,560. 

Sununing  these  up,  we  see  that  each  mile  of  rectified  river  will  require  not  less  than 
133,320  cubic  yards,  at  $2,  $266,640;  and  for  ten  miles,  $2,666,400.  To  this  add,  tor 
superintendence,  |83,600,  and  we  have  a  total  of  $2,750,000. 

It  thus  becomes  a  question  whether  it  would  not  be  much  better  to  continue  the 
canal  down  to  Hartford,  which  idea  I  incline  to,  though  I  have  no  means  of  making 
an  estimate  of  the  cost  of  the  canal. 

I  have  estimated  and  planned  for  a  number  of  works  in  diiFerent  parts  of  the  coun- 
try, and  I  have  always  endeavored  to  present  every  subject  in  as  favorable  light  as  it 
would  bear,  and  not  to  crush  a  needed  work  with  an  exorbitant  estimate ;  but,  at  the 
same  time,  I  have  endeavored  not  to  commit  the  government  to  an  undertaking  with- 
out counting  the  cost. 

The  foregoing  must  put  the  improvement  of  the  Connecticut  River  in  a  different 
light  from  that  in  which  it  has  been  heretofore  contemplated. 

If  Congress  intends  to  continue  such  ameliorations  of  the  existing  navigation  as 
small  appropriations  of  $20,000  annually  will  admit  of,  we  must  ^ive  up  the  idea  of 
making  any  new  improvements  at  the  Enfield  Falls.  We  must  satisfy  ourselves  with 
aiding  the  passage  of  the  river  above  and  below  the  falls  by  such  vessels  as  can  now 
pass  through  the  existing  canal,  and  these  vessels  must  continue  to  pay  toll  to  the 
canal  company.  I  advise  tills  latter  course  to  be  continued  at  any  rate,  and  that  if 
the  grand  improvement  is  contemplated  which  shall  let  small  Sound-going  vessels, 
small  gun  and  torpedo  boats,  ascend  the  river  as  far  as  Holyoke,  that  additional  sur- 
veys be  ordered  to  further  develop  the  plan  as  a  whole.'  Of  the  original  appropriation 
of  $20,000  for  improvement  above  Hartfonl  and  below  Holyoke,  we  have  expended 
now  about  $5,500,  so  that  there  remains  $14,500  that  can  be  applied  to  additional  sur- 
veys. If  it  is  to  be  expended  in  improvements,  I  recommend  that  it  be  all  employed 
on  the  river  below  the  Enfield  Falls,  the  first  appropriation  of  $20,000  for  this  part 
being  about  exhausted. 

Whether  the  object  to  be  accomplished,  in  a  national  point  of  view,  is  commensurate 
with  the  exi>ense,  is  a  question  of  statesmanship.  How  far  the  Improvement  of  the 
Connecticut  River,  so  as  to  allow  small  gimboats  and  torpedo-vessels  to  patrol  it  would 
contribute  to  natural  defense,  can  hardly  be  estimated  until  this  valley  becomes  the 
theater  of  actual  war.  But  were  the  New  England  States  a  separate  nation,  they 
would  undoubtedly  improve  it  for  this  purpose ;  and  as  this  is  a  portion  of  our  country 
that  a  foreign  power  would  most  probably  seek  to  isolate  from  the  rest,  it  would  seem 
advisable  to  make  it  capable  of  independent  defense. 

At  Springfield  there  is  an  important  national  aniiory,  and  at  Hartford  and  other 
places  private  manufactories  of  war  material  national  in  character  and  importance, 
though  not  the  property  of  the  government. 
Yours,  respectfully, 

G.  K.  Warren, 
Major  of  Engineers  and  Brevet  Major-General^  U.  S.  A, 

Brigadier-Gtoneral  A.  A.  Humphreys, 

Chief  of  Engineers,  U,  8,  A, 

Congress,  by  act  approved  March  3, 1873,  appropriated  "  For  improve- 
ment of  Connecticut  River  above  Hartford  and  below  Enfield  Falls, 
$20,000.'' 

The  Annual  Report  of  the  Chief  of  Engineers  for  1873  brings  the 
account  of  the  work  up  to  August  30  of  that  year.  (See  pages  ^  and 
91,  and  Appendixes  W  18  and  19,  pa^es  1003  to  1011.) 

The  appropriation  made  June  10, 1872,  of  $25,000  for  the  part  on  and 
above  Enfield  Falls  and  below  Holyoke  seemed  to  call  for  a  surv^ey  up 
to  this  last  point,  and  it  was  begun  in  1872,  but  only  partially  made,  on 
a<5Count  of  almost  continuous  high  water.  This  surv^ey  was  continuexl  in 
1873.  The  following  is  quoted  from  the  annual  rei)ort  for  1873,  pages 
1004-1005: 

In  1872  an  attempt  was  made  to  resiirvey  the  portion  of  the  river  between  Hartford 
and  the  Enfield  Falls  to  ascertain  the  condition  and  effect  of  the  wing-dams  bnilt  in 
1871,  but  high  water  prevented  all  operations  to  this  end,  and  no  improvement  of  the 
river  in  this  part  was  undertaken.  Some  previous  considerations  had  shown  that,  for 
a  thorough  improvement  between  Hartford  and  the  Eniield  Falls,  in  connection  with 
a  thorough  improvement  at  the  latter  place,  it  might  be  cheaper  and  more  reUable  to 
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construct  a  canal  between  the  two  places  instead  of  attempting  to  improTe  the  natural 
channel.  As^  therefore,  all  operations  in  natural  channel  were  stojiited  by  hij;h  water, 
a  survey  was  made  to  ascertain  the  best  location  and  cost  of  a  canal  between  these  two 
points.  This  survey  has  been  made  by  General  Theodore  G.Ellis,  ci  vi  1  engineer,  and  the 
report,  with  the  drawings,  plans,  and  estimates,  is  now  transmitted. 

By  reference  to  the  report  of  the  improyement  around  the  Enfield  Rapids  in  the 
last  annual  report  (referred  to  above),  it  will  be  seen  that  the  depth  of  water  on 
the  miter-sills  of  that  proposed  canal  is  6  feet,  that  depth  being  all  that  it  was  thought 
could  be  secured  by  any  improvement  of  the  river-cnannel  up  to  Warehouse  Point, 
the  lower  terminus  of  this  canal.  But  by  extending  the  canal  down  to  the  mouth  of  the 
Hockanum  River,  just  below  Hartford,  a  yjoint  on  the  river  is  rea-ched  where  a  drauglvt 
of  8  feet  at  low-water  could  always  be  relied  upon.  The  project  of  beginning  the 
canal  as  low  down  as  this  latter  point  justified  an  increase  of  capacity  of  the  whole 
projected  canal,  which  has  accordingly  been  ma<le.  A  further  modification  was  neces- 
sary in  the  first  project  in  regard  to  locking  down  into  the  river  at  its  lower  ex- 
tremity. These  loclu  would  \ye  dispensed  with,  and  the  first  line  abandoned  back 
to  a  point  suitable  for  the  continuation  of  the  canal  down  to  the  mouth  of  the  Hock- 
anum. 

All  of  these  things,  as  to  cost.  SlC.  have  been  taken  into  account  in  General  Ellis's- 
report.  The  canal  from  the  heaa  of  the  Enfield  Rapids  down  to  the  mouth  of  the  Hock- 
anum River,  on  the  east  side  of  the  valley,  is  to  be  150  feet  wide  and  10  feet  deep,  with 
locks  200  feet  long,  50  feet  wide,  and  8  feet  depth  on  the  miter-sills.  There  are  to  be 
three  locks,  all  at  the  lower  end  of  a  lift  respectively  14^,  IH,  and  11|,  or  'J7^  feet 
lift  in  all.  The  whole  length  of  the  canal,  from  the  mouth  of  the  Hockanum  to  the 
Enfield  dam,  at  the  head  of  the  rapids,  is  16.8  miles.  This  canal  is  designed  solely 
for  the  purposes  of  navigation,  and  not  to  furnish  water-power.  Its  cost  is  estimated 
at  $2,^306,^)45.  It  is  too  soon  yet  to  fully  consider  this  project,  the  survey  alxjve  the 
rapids  and  the  resurvey  between  them  and  Hartford  not  having  yet  been  completed.. 
These  have,  however,  been  in  progress  during  the  present  season  under  most  favor- 
able conditions  of  low  water,  and  we  may  be  able  to  finally  rejwrt  upon  the  river  this 
w^inter. 

The  low  water  has  also  enabled  us  to  examine  the  eflect  of  the  wing-dams  built  by 
us  in  1871  between  Hartford  and  the  Enfield  Rapids.  These  have  been  found  to  pro- 
duce favorable  results,  and  have  increa.sed  the  low- water  depth  from  1^  and  2  feet  to- 
2i  and  3  feet. 

At  points  where  the  dams  had  not  been  built  the  former  shoals  rertiained,  and  were 
so  bad  at  Barber's  Landing  Bar  that  we  employed  a  dredge  by  the  day  in  the  summer 
of  1873  to  cut  a  channel  tln-ough  to  afford  temporary  relief. 

The  continuation  of  the  project  of  Imilding  win^^-dams  between  Hartford  and  the 
Enfield  Rapids  seems,  therefore,  warranted  to  facilitate  present  navigation,  although 
they  should  not  meet  ultimate  requirements.  The  high  water  early  in  the  season  pre- 
vented our  gaining  a  knowledge  of  this  result  in  time  to  work  to  advantage  this  season.. 
In  view  of  the  funds  already  on  hand,  I  have  made  no  estimate  for  further  ajiiiropria-- 
tions  for  this  part  of  the  river  for  the  fiscal  year  ending  June  30,  1875. 

The  detailed  rei)ort  of  General  Ellis  of  the  survey  for  a  canal  along 
the  river  between  Hartford  and  tlie  Enfield  Falls  is  given  in  its  chrono- 
logical order  in  the  subreport  forming  the  appeudix  to  the  present 
rei)ort 

The  surveys  and  examinations  on  the  Connecticut  River  above  Hart- 
ford are  next  reported  upon  up  to  July  1, 1874,  in  Annual  Report  of  the 
Chief  Engineei-s  for  1874,  page  101,  Part  I,  and  pages  249  to  257,  Part 
II.    From  pages  249  and  250,  Part  II,  the  following  is  taken : 

During  the  past  fiscal  year  work  in  this  portion  was  mainly  confined  to  completing 
a  thorough  survey  of  it.  This  has  now  been  done,  and  the  maps  fiuished  on  a  scale  of* 
400  feet  to  the  inch,  forming  six  sheets.  The  maps  and  a  diagram  of  borings  made, 
with  a  preliminary  rejwrt  of  .Assistant  Engineer  General  Theo.  G.  Ellis,  who  conducted 
the  survey,  are  presented  herewith.  Some  few  other  observations  in  connection  with 
gauging  the  low-water  volume  of  the  river  remain  to  be  done,  and  then  the  final  report,, 
giving  a  review  of  the  whole  matter,  will  be  made. 

The  last  annual  report  gave  a  clear  general  idea  of  what  has  been  done  up  to  that 
date,  and  it  nec^l  not  be  re])eated  here. 

During  the  season  of  1873  a  channel  2^  feet  deep  was  dredged  through  Barber's 
Landing'  Bar.     This  was  the  only  improvement  then  needed. 

The  surveys  last  year  showed  that  the  wing-dams  l>etween  Hartford  and  the  Enfield 
Falls,  as  far  as  built,  had  been  very  beneficial,  and  that  this  means  of  improvement 
would  probably  be  adequate  to  present  reuuirements  of  navigation,  or  until  there 
is  a  great  improvement  miide  at  the  Enfield  Falls.    An  expenditure  of  not  less  than 

17  b 
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1870,000  will  be  required  for  the  improvement  of  these  falls  alone.  (See  Annual  Re- 
port for  1872.)  Until  the  improvement  of  the  river  is  undertaken  with  a  view  to  carry- 
mj5  it  to  the  extent  which  this  contemplates,  and  until  the  ruling  depth  to  bo  secured 
is  fixed,  the  kind  of  improvement  to  be  adopted  at  different  localities  cannot  be  decided. 
With  the  present  small  appropriations  only  alleviations  of  obstructions  to  existing  nav- 
igation can  be  attempted,  and  the  requirements  of  this  are  deteiinined  by  the  existing 
canal  and  locks. 

Our  survey  shows  no  place  between  the  Enfield  Falls  and  Holyoke  where  the  present 
class  of  vessels  find  any  obstruction  or  need  any  greater  facilities  than  they  now  have. 

Of  the  appropriation  of  $25,000,  appropriated  June  10, 1872,  for  improvement  "on  or 
Above  Enfield  Falls  and  below  Holyoke/*  we  have  expended  about  half  in  surveys  and 
measurements.  We  find,  as  before  said,  no  place  wiiere  the  remainder  can  be  used 
4ibove  the  falls,  and  it  is  inadequate  to  doing  anything  upon  them. 

Of  the  former  appropriations  for  improvement  above  Hartford  and  below  Holyoke 
there  is  on  hand  $21,772.31,  which,  by  the  words  of  the  act,  is  available  to  improve  the 
river  between  Hartford  and  Enfield  Falls.  It  is  proposed  to  expend  tlie  money  in  this 
lK>rtion  of  the  river  by  building  wing-dams  and  dredging,  as  the  formation  of  shoals 
may  require. 

The  improvement  of  the  Connecticut  below  Hartford  is  more  important  to  the  whole 
^Connecticut  River  Valley  than  is  the  improvement  above,  and  for  the  present  it  would 
.be  better  to  confine  the  expenditures  to  the  lower  part  of  the  river. 

The  appropriation  of  $25,000,  made  by  act  approved  June  10, 1872,  is  a])plicable  to 
the  river  only  "on  or  above  Enfield  Falls  and  below  Holyoke";  a  part  ojf  the  river 
where  there  is  sufficient  depth  of  water  for  the  class  of  vessels  navigating  it.  What 
remains  on  hand  of  this  appropriation  is  not  available  for  any  part  of  the  river  where 
it  is  needed.  In  making  up  the  "  financial  statements  "  this  appropriation  is  given  in 
:a  separate  statement. 

FINANCIAI.  STATEMENT. 

Connecticut  River  on  and  from  Enfield  Falls  to  Holyoke,  Maes. 

Balance  in  Treasury  of  United  States  July  1,  1873 $25,000  00 

Amount  expended  during  the  fiscal  year  ending  Juno  30,  1874 12,  391  45 

Amount  available  July  1, 1874 12,608  55 

Ck)nnecticut  River  above  Hartford  and  bdow  Holyoke,  Mass. 

Balance  in  Treasury  of  United  States  July  1,  1873 , $25,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check 1,  606  65 

Amount  expended  during  the  fiscal  year  ending  June  30, 1874 4,  834  34 

Amount  available  July  1,  1874 21,772  31 

The  maps  referred  to  above  have  never  been  published.  They  are 
sent  with  this  report  for  publication.  General  Ellis's  report  is  included, 
like  his  others,  in  its  proper  place  in  the  subreport  forming  an  appendix. 

In  the  Annual  Report  of  the  Chief  of  Engineers  for  1875,  page  110, 
Part  I,  and  pages  300  to  369.  Part  11.  the  main  portion  of  the  linal  re- 
sults of  the  hydrographic  ana  hydraulic  investigations  are  given.  These 
possess  an  interest  to  many  other  river  improvements,  and  are  of  much 
value,  independent  of  the  special  river  investigated.  I  will  quote  here 
the  part  of  the  annual  report;  made  by  myself,  General  Ellis's  report, 
like  the  others,  being  given  herewith  in  the  ai>pendix  among  his  other 
reports,  together  with  the  illustrating  diagrams  (most  of  them  not  here- 
tofore i)rinted). 

•CONNECTICUT     RIVER     ABOVE     HARTFORD,      CONNECTICUT,     AND     BELOW     HOLYOKE, 

MAR8ACHU8ETT8. 

During  the  fiscal  year  the  liich  stage  of  the  river  has  rendered  any  work  of  improve- 
meut  unnecessary-,  and  no  such  work  was  done.  The  surAa»ys  of  this  poitlou  of  the 
river  and  investigations  connected  with  it  were  prosecuted  to  completion. 

The  surveys  were  begun  in  December,  1870,  by  making  a  general  reconnaissance  of 
the  river  between  Holyoke  and  Hartford,  with  special  surveys  at  certain  shoals 
between  the  Enfield  Hapids  and  Hartford.  (See  Annual  Report  for  1871,  pp.  762-768.) 
In  1871  a  thorough  survey  was  ma<le  of  Enfield  Rapids,  and  estimates  of  cost  of 
various  plans  of  uuprovement  were  submitted.     (See  Annual  Report  for  1872,  pp. 
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835-860.)  In  1872  a  survey  was  begun  at  Holyoke,  and  a  thorough  Borvey  was  made 
and  estimates  prepared  for  constructing  a  canal  from  Enfield  Rapiils  to  Hartford,  so 
that  we  might  compare  it  with  the  project  for  improving  the  natural  channel  between 
those  two  points.     (See  Annual  Report  for  1873,  pu.  lOoS-1011.) 

In  1873  tne  survey  was  comidete*!  between  Hartftjnl  and  Holyoke,  and  fully  reported 
on,  with  the  exception  of  the  hydraulic  measurements  and  otlier  data  that  re(iuired 
more  time  to  work  up.    (See  Annual  Report  for  1874,  Part  II,  pp.  249-257.) 

The  present  report  concludes  these  surveys  and  investigations.  The  operations  have 
been  conducted  under  my  direction  by  General  Theodore  G.  Ellis,  assistant  engineer, 
and  his  last  report  is  here  appended.  This  report  relates  mainly  to  the  measuivnieuts 
to  obtain  the  volume  of  discharge  of  the  Connecticut  River  at  all  stages.     For  this 

1>urpose  the  river  near  Thompson ville,  about  1^  miles  above  Enfield  Rapids,  was  se- 
ectcd.  This  place,  from  its  position  with  reganl  to  the  rax)ids,  was  favorable  for  a 
near  uniformity  of  discharge  at  the  same  stages  of  the  river  whether  riHing  or  falling. 
Experience  in  gauging  rivers  elsewhere  had  shown  that  the  volumes  discharged  at  the 
same  reading  of  tne  gauge  were  materially  greater  in  rising  than  in  falling  stages. 
The  results  confirmed  the  anticipation,  but  in  one  or  two  instances  it  turned  out  that 
the  ordinary  experience  was  reversed,  and  the  greater  discharges  occurred  on  falling 
stages. 

The  measurement  of  the  volume  required  accurate  determinations  of  the  velocity  of 
the  current  In  all  parts  of  the  cross-section  of  the  stream,  and  inasmuch  as  there  had 
been  recently  some  questions  raised  about  the  proper  or  best  methoil  of  measuring 
velocities,  whether  by  current-meters  or  floats,  and  other  quc^stions  altout  the  law  of 
change  of  velocities  in  the  vertical  plane  from  the  surface  to  the  bottom,  it  was  decided 
to  try  Imth  floats  and  meters,  each  kind  constructed  in  the  most  careful  manner.  The 
surface  and  subsurface  float  employed  by  General  Ellis  is  admirably  constructed  so  ns 
to  secure  reliable  indications.  Two  excellent  current-meters  were  used,  one  with 
screw-blacles  and  re|^stering-whoels  attached ;  another  consisting  of  four  cups  at  the 
ends  of  two  bars  at  right  angles  with  each  other,  so  that  the  water  caused  it  to  turn 
ordinarily  on  a  vertical  axis,  but  which  worke<l  equally  well  at  any  angle  with  the 
vertical.  This  latter  registered  by  means  of  a  galvanic  battery,  the  annature  of  wliich 
was  connected  bv  a  lever  with  the  escax)ement  of  a  train  of  clock-work  pro\ided  with 
ch'als  recording  the  breaks  in  the  circuit,  which  were  made  to  take  place  at  each  revo- 
lution of  the  meter.    This  meter  was  specially  adapted  to  slow  velocities. 

All  the  apparatus  is  describe<l  with  great  minuteness  and  precision  in  General  Ellis's 
report,  as  well  as  the  manner  of  conducting  the  operations  and  rating  the  meters. 

The  total  number  of  velocity-o}>servatious  at  Thompson\ille  was  l,4:i4.  They  were 
taken  at  every  foot  of  depth  and  at  intervals  of  about  100  feet  apart  across  the  river: 
several  contig'uous  sections  being  thus  measured.  Those  observations  are  given  in 
detail  in  his  report.  Besides  using  them  to  obtain  the  volume  of  discharge,  they  are 
gnmped  in  various  ways  to  ascertain  the  form  of  the  vertical  curve,  and  to  compare 
the  diifereut  methods  with  each  other.  Tables  of  these  comjtariscms  are  given  in  his 
report. 

One  of  the  most  important  conclusions  reached  by  this  is,  that  both  the  floats  and 
meters  give  concordant  results,  showing  that  each  is  reliable  when  carefully  and  intel- 
ligently employed,  and  that  each  method  has  certain  advantages  over  the  other  under 
l»H.Tiliar  circumstances.  There  seems,  therefore,  no  reason  to  discredit  the  results  of 
either  method^  when  there  is  evidence  that  it  has  be^n  properly  used. 

Another  mo0t  imiM>rtant  ccmclusion  from  these  results  (at  least  to  those  who  have 
felt  doubts)  is  the  lull  confinnatiou  they  affonl  to  the  parabolic  form  of  the  curve  of  • 
subsurface  velocities,  as  shown  in  the  Physics  and  Hvdraulics  of  the  Mississippi,  by 
Humphreys  and  Abbot.  This  is  a  result  free  from  any  hias  on  the  part  of  the  observer. 
General  Ellis  and  his  assistants  (civil  engineers)  prepared  the  apparatus,  conducted 
the  operations,  and  worked  out  the  restilts  without  any  dictation  from  any  one.  What- 
ever consultations  or  comparisons  have  been  made,  General  Ellis\s  course  of  action 
has  lieen  left  free.  An  attentive  perusal  and  examination  of  his  report  will  be  ueceH- 
sary  to  enable  on©  to  do  justice  to  this  sulyect.  I  will  not,  therefore,  attempt  an  ab- 
stract of  it,  but  will  give  here  but  one  diagram  showing  how  well  the  results  of  obser- 
vations conform  to  the  curve  of  the  parabola  given  ny  the  Humphreys  and  Abbot 
Cormnla,  with  the  parameter  as  derived  from  the  Mississippi  observations.  This  dia- 
gram is  No.  9  of  Ellis's  reiwrt. 

The  points  marked  thus  0  are  the  grand  means  of  all  the  subsurface  velocity-mea.s- 
niements,  both  with  floats  and  metero  combined,  at  t-enths  of  the  depths  in  the  sec- 
tions observed,  so  as  to  bring  all  together.  The  full  curve  drawn  is  the  parabola  in 
the  portion  required  by  the  Humphreys  and  Abbot  formula.  The  maximum  diserc])- 
ancy  is  only  seven-hundredths  foot  per  second.  The  position  of  the  axis  is  taken  at 
one-tenth  of  the  depth,  which  is  nearly  that  of  the  maximum  observed  velocity.  A 
little  nearer  accordance,  perhaps,  may  l)e  gained  by  a  slight  change  in  the  value  of  the 
parameter  of  the  parabola  in  the  e<piation.* 

*The  parabola  most  nearly  conforming  to  the  mean  of  the  Connecticut  River  obser- 
vations is  shown  by  the  dotted  line  in  the  diagram. 
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The  test  of  the  Humphreys  and  Abbot  middepth  velocity  theoiy,  i.  e.,  the  constftnt 
ratio  of  middepth  velocity  to  mean,  is  shown  by  the  following: 

.  .  j<  =  for  meter  observations  on  low  velocities 0.933 

=  for  float  observations  on  low  velocities 0.918 

=  for  meter  observaitlons  on  high  velocities 0. 939 

=  for  float  observations  on  high  velocities 0.961 

=  by  Humphreys  and  AbboVs  formula 955 

This  appears  to  be  a  satisfactory  confirmation. 

Observ'ations  were  made  upon  the  slopes,  but  time  has  not  sufSced  for  us  to  make 
anv  comparison  ^nth  formula  in  which  this  factor  enters. 

in  General  Ellis's  report  is  a  calculation  of  the  entire  volume  of  water  that  flowed 
past  Hartford  in  the  years  1871,  72,  73,  and  74.  If  meteorological  observations  fur- 
nish the  means  of  calculating  the  ])recipitation  in  the  area  drained,  an  interesting 
ratio  of  downfall  to  drainage  may  be  obtained. 

IMPROVEMENT. 

In  regard  to  the  improvement  of  the  navigation  of  this  portion  of  this  river,  I 
should  say  that  nothing  of  any  importance  can  be  done  until  there  is  an  a<lequate 
canal  around  the  rapids,  which  the  present  appropriations  are  too  small  even  to  make 
a  l)cgiuning  with. 

Between  Hartford  and  Enfield  Rax>ids  we  are  engaged  on  wing-dams  to  increase  the 
depth  a  little  at  the  worst  bars,  so  as  to  float  the  boats  that  can  pass  the  existing 
caual.  This  canal  is  owned  by  a  water-jwwer  company,  and  is  too  small  for  extensive 
transportation.  The  river  between  Enfield  Rnpids  and  Holyoke  is  now  in  as  good 
condition  as  is  desired  by  any  vessel  that  can  reach  it. 

In  1872  an  appropriation  of  $25,000  was  made  exclusively  for  this  part  of  the  river, 
without  any  plan  of  improvement  having  been  made. 

With  this  we  have  carefully  surveyed  thiR  portion  of  the  river  without  finding  any 
place  where  it  can  be  expended  for  any  good  puriwse.  There  is  a  balance  remaining 
on  hand  of  $10,702.92,  which  might  be'^used  for  i)ublLshing  the  maps.  If  this  cannot 
be  done,  it  should  be  transferred  to  the  mouth  of  the  river  or  be  covered  into  the 
Treasury. 

The  money  on  hand  available  for  the  part  of  the  river  between  Enfield  Rapids  and 
Hartfonl,  $18,938.(59,  is  all  that  is  at  present  needed,  and  no  further  appropriation  for 
the  river  above  Hartford  is  asked  for. 

Hartford  is  in  the  Middletown  collection-district. 

FINANCIAJL  STATEMENT. 

Connecticut  River  above  Hartford  and  below  Holyoke. 

Balance  in  Treasury  of  United  States  July  1,  1874 $12, 000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  July  1, 1874 9,772  36 

Amount  expended  during  the  fiscal  year  ending  June  30,  1875 2,  893  62 

Amount  available  July  1,  1875 18,878  74 

Connecticut  River  from  Enfield  Falls  to  Holyoke, 

Balance  in  Treasury  of  United  States  July  1,  1874 $10,000  00 

Amount  in  hands  of  officer  and  subject  to  his  check,  July  1,  1874 2, 608  55 

Amount  expendwl  during  the  fiscal  year  ending  June  30,  1875 1, 905  6:J 

Amount  available  July  1,  1875 10,702  92 
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It  must  be  added  to  the  above,  taken  from  the  annual  report  for  1875^ 
that  General  Ellis's  report  contains  a  very  valuable  contribution  to  the 
question  of  the  ascent  of  the  tidal  waves  along  an  estuary  like  the  Con- 
necticut, which  subject  properly  came  in  this  field  of  investigation,  be- 
cause the  tides  are  sometimes  felt  above  Hartford. 

The  statement  with  regard  to  the  Connecticut  River  above  Hartford 
is  given  in  the  Annual  Report  of  the  Chief  of  Engineers  for  1876,  page 
51,  and  pages  213  to  217  of  Part  I.  From  this  the  following  is  ex- 
tracted: 

COKlSECnCUT  RrVER  ABOVE  HARTFORD,   CONN.,  AND  BEU)W  HOLYOKE,   MASS. 

During  the  fiscal  year  ending  June  30, 1876,  the  condition  of  the  river  has  been  such 
as  to  require  no  expenditure  for  improvements.  The  material  obtained  from  the 
8ur\'ev8  and  measurements  in  former  years  has  been  worked  up  ready  for  publication, 
and  all  the  maps  and  diagrams  prepared  for  photolithographing.  During  the  progress 
of  the  work  separate  portions  of  the  river  and  surveys  were  rei)orted  upon  by  them* 
selves,  and  these  reports  have  been  published  in  the  preceding  annual  reports.  We 
have,  however,  combined  them  all  in  one  report,  which  it  is  now  desirable  to  publish 
by  itself,  accompanied  by  the  maps  and  diagrams  that  generally  have  not  been  pub- 
lished. 

Some  careful  measurements  on  the  resistance  of  cords  and  floats  to  currents  of 
water  having  different  velocities  (included  in  this  combined  report)  have  not  yet  been 
published,  and  they  are  therefore  given  here  as  an  api)endix.  As  there  appears  little 
nkelihood  that  the  money  appropriated  for  this  river  al>ove  Enfield  Falls  and  below 
Holyoke  can  bo  used  in  any  desirable  improvement,  I  respectfully  suggest  that  the 
money  b©  partly  used  in  pulilishing  these  maps  and  full  report.  It  wifl.  be  of  much 
local  value  as  affording  exact  information  of  the  river  and  valley,  and  in  the  results  of 
its  measuremente  a  contribution  to  river  hydraulics  and  of  general  interest. 

If  any  shoals  should  give  trouble  to  the  vessels  now  navigating  between  Hartfoi-d 
and  Enfield  Falls  this  year,  the  funds  on  hand  are  believed  to  be  ample  to  pro\'ide  foif 
removing  them. 

Connecticut  River  is  in  the  Middletown  collection-district.  Middletown  is  the 
nearest  port  of  entry.  The  amount  of  revenue  collected  there  during  the  fiscal  year 
ending  June  30,  1876,  was  |19,956.14. 

MONEY  STATEMENT. 

Above  Hartford  and  hdow  Enfield  Falls. 

Amount  available  July  1,  1875 |12,272  04 

Amount  available  July  1, 1876 12, 272  04 

Above  Enfield  FaXU,  Conn.,  and  below  Holyoke,  Mass. 

Amount  available  July  1,  1875 JIO,  702  92 

Amount  avaUable  July  1,  1876 10,702  92 

Above  Hartford,  Conn,,  and  below  Holyoke,  Maes. 

Amount  available  July  1,  1875 $6,606  65 

Amount  exjiended  during  the  fiscal  year  ending  June  30,  1876 2, 774  82 

Amount  available  July  1,  1876 3,831  83 

The  subreport  of  General  Ellis  appears  in  the  appendix.  The  meas- 
urements as  to  the  resistance  of  conLs,  &c.j  are  a  valuable  contribution. 

The  Annual  Eeport  of  the  Chief  of  Engineers  for  1877  gives  the  last 
report  preceding  the  present  one  made  on  tUe.  river  above  HartfonL 
(See  page  45  and  pages  206-7  of  Part  I.)  From  this  the  following  is  ex- 
tracted : 

con:secticut  riveb  above  uaktford,  conn.,  and  below  holyoke,  mass. 

The  condition  of  the  river  has  been  such  as  to  require  no  expenditure  for  improve- 
ments during  the  fiscal  year  ending  June  30^  1877.    If  any  shoals  or  other  obstructions 
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Bhotild  give  trouble  to  such  yessela  as  can  pass  the  Enfield  Falls  during  the  present 
year,  the  available  funds  will  be  used  for  their  removal^  and  they  are  deemed  sufficient 
to  meet  any  such  contingency.  A  thorough  improvement  of  the  Enfield  Falls,  aa 
already  reported,  is  a  necessary  preliminary  to  any  increase  in  the  navigable  capacity 
of  this  river  above  Hartford.  "^This  alone  will  cost  from  |800,000  to  ^900,000. 

To  make  a  thorough  improvement  of  the  river  between  Hartford  and  Enfield  Falls 
will  cost  between  ^,000,000  and  |3,000,000. 

MONEY  HERETOFORE  APPROPRIATED  FOR  THIS  IMPROVEMENT. 

One-half  of  amount  appropriated  for  Connecticut  River,  June  11,  1870 $20, 000 

Above  Hartford  and  l)elow  Holyoke,  March  3.  1871 20,  000 

On  and  above  Enfield  Falls  and  below  Holyoke,  June  10,  1872 25,  000 

Above  Hartfoi-d  and  below  Enfield  Falls,  March  3,  1873 20, 000 

Total 85,000 

Of  these,  the  first  was  exx)ended  upon  wing-dams ;  the  second  has  been  partly  ex- 
pended U])on  surveys  and  dredging ;  the  third  has  been  i)artly  expended  upon  siu-veys  • 
and  dredging ;  the  fourth  has  been  partly  expended  upon  surveys. 

The  amounts  appropriated  have  been  wholly  inadequate  to  making  any  thorough 
river  improvement,  and  so  there  was  means  for  making  thorough  surveys.  As  far  as 
needed,  these  surveys  have  now  been  made. 

In  my  last  annual  report  upon  this  work,  I  stated  that  it  was  desirable  to  have  the 
reports' made  upon  surveys  of  this  part  of  the  river  during  the  progress  of  the  im- 
provement published  in  a  combined  i-eport,  with  the  maj»s  and  diagrams.  It  does  not 
seem  probable  that  the  money  appropriated  for  this  nver  alwve  Enfield  Falls  and 
below  Holyoke  will  be  needed  for  improvement,  and  I  suggest  that  so  much  as  is  necos- 
sary  lie  ust'd  in  publishing  these  maps  and  a  full  report.  The  maps  have  been  ali'eady 
pi-epareil  for  photolithographing. 

After  this  is  done,  I  recommend  that  all  the  money  appropriated  for  the  river  above 
Hartfonl  (reserving  |5,000  for  the  shoals  between  Hartford  and  Enfield  Falls)  be,  by 
law,  transferred  to  the  improvement  of  the  bar  at  the  mouth  of  the  river. 

Connecticut  River  is  in  the  Middletown  collection-district.  Middletown  is  the  near- 
est port  of  entry.  The  amount  of  revenue  collected  there  during  the  fiscal  year  end- 
ing June  30,  1876,  was  f  19,956.14. 

MONEY  STATEMENT. 

Above  Hartford,  Conn,,  and  lelow  Holyoke,  Maes, 

Act  of  March  3, 1871 : 

July  1,  1876,  amount  available 13,831  83 

July  1,  1877,  amount  expended  during  fiscal  year 541  40 

July  1,  1877,  amount  available 3, 290  43 

On  and  above  Enfield  FalU,  Conn.,  and  below  Holyoke,  Mase. 

Act  of  June  10,  1872: 

Julvl,  1876,  amount  available |10,702  92 

Julyl,  1877,  amount  available 10,702  92 

Above  Hartford  and  below  Enfield  Falls,  Conn. 

Actof  March  3, 1873: 

Julyl,  1876,  amount  available ^12,272  04 

Julyl,  1877,  amount  available 12,272  04 

Total  available  above  Hartford  Julyl,  1877 26,265  39 

In  producing  consecutively  the  several  annual  reports,  I  have  shown 
all  the  successive  stages,  and  each  time  produced  a  summary  of  what 
had  preceded  it.  This  last  annual  report  is  itself  jirobably  a  sufficient 
summary  of  what  has  been  done  to  one  who  has  followed  the  report 
throaghout,  and  it  is  only  by  such  examination,  step  by  step,  that  the 
whole  matter  can  be  understood. 

In  the  appendix  embracing  the  several  reports  of  General  Ellis,  all  the 
diagrams  are  described  which  it  is  desired  to  publish,  and  they  accom- 
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Ciy  this  report.    Thoae  diaigrams  showing  voliuues  of  discharge  have 
n  brought  'down  to  December  31, 1877. 
There  remains  but  to  say  that  initial  steps  have  been  taken  this  spring 
to  continue  work  upon  wing-dams  between  Hartford  and  Enfield  Falls, 
should  a  low  stage  of  water  make  it  necessary,  and  no  additional  appro- 
priations are  needed  for  this  purpose. 

For  the  future  it  remains  for  the  people  of  the  Connecticut  Valley  to 
determine  what  kind  of  an  improvement  they  wiU  undertake,  and  take 
measures  to  seeing  the  money.  Engineering  skill  and  science  have  ex- 
hausted the  field,  and  plans  for  almost  any  alternative  plan  of  improve- 
ment the  people  may  select  are  already  prepared. 

It  seems  therefore  that  the  next  reasonable  step  in  the  direction  of 
progress  is  to  publish. the  report  in  full,  with  its  diagrams,  so  that  they 
may  have  an  opportunity  to  see  what  the  conditions  are,  and  choose  the 
best  course. 

Very  respectftiliy,  your  obedient  servant, 

G.  K.  Wabben, 
Major  of  Engineers^  BvU  Maj.  Qen.y  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphbeys, 

Chief  of  Engineers^  U.  8.  A. 


BEPOBT  OF  GENEBAL  THEO.  G.  ELLIS,  ASSISTANT  ENGINEEB. 

GENERAL  CHARACTER  OF  THE  RIVER. 

The  Connecticut  Biver  rises  in  the  extreme  northern  part  of  the  State  of  New  Hamp- 
shire, near  the  Canada  border,  and  flows  southwaixUy  between  the  States  of  Vermont 
and  New  Hampshire  and  across  the  States  of  Massachusetts  and  Connecticut  to  Long 
Island  Sound. 

North  of  the  Massachusetts  line  the  water-slied  is  narrow  and  precipitous,  and  the 
tributaries  are  small,  partaking  of  the  character  of  mountain  torrents,  the  principal 
streams  entering  the  Connecticut  in  New  Hampshire  being  the  Upper  and  Lower  Am- 
monoosuc"  and  the  Ashuelot  Bivers,  and  in  Vermont  the  Passumpsic,  White,  and  West 
Bivers. 

In  Massachusetts  the  Chicopee  and  Miller's  Bivers  flow  into  it  from  the  east,  and  the 
Deerfield  and  Westfield  Bivers  from  the  west.  The  Tuincipal  tributary  in  the  State  of 
Connecticut  is  the  Tunxis,  or  Farmington  Biver.  This  rises  on  the  easterly  slope  of 
the  Gi'een  Mountains,  in,  Massachusetts,  and  flows  southeasterly  to  Farmington, 
Conn.,  where  it  makes  an  abnipt  bend  to  the  north,  and  passes  through  the  rang:e 
caUed  Talcott's  Mountains,  wheu  it  again  turns  southeasterly,  and  enters  the  Connecti- 
cut opposite  the  town  of  East  W^indsor.  IVo  small  sti-eams  enter  the  Connecticut  at 
Hartford,  the  Hockanum  on  the  east  and  Little  Biver  on  the  west.  Below  Hartford 
the  streams  are  small,  and  except  during  rains  furnish  but  little  water  to  the  river. 

From  its  source  to  the  Massachusetts  State  line  the  banks  of  the  Connecticut  are 
generally  of  a  permanent  character.  Through  the  State  of  Massachusetts  the  river 
passes  mostly  through  an  alluvial  formation,  though  in  some  places  the  bed  is  formed 
of  hard  and  permanent  maiterials.  From  the  town  of  Northampton  to  Hartford  the 
river  flows  through  alluvial  meadows  overflowed  in  high  freshets.  Through  Masssr 
chusetts  and  Connecticut  the  banks  are  not  generally  wooded,  but  occasional  patches 
of  woo<l  and  many  single  trees  stand  upon  them. 

The  Connecticut  Biver  is  navigable  to  Hartford  for  schooners  and  large  steamboats 
and  by  means  of  the  Enfield  Canal  for  smaller  crafr  as  far  as  Holyoke. 

Below  Hartford,  as  far  as  Bocky  Hill,  a  distance  of  about  nine  miles,  the  river  runs 
through  meadows,  and  the  banks  are  generally  a  clayey  loam  upon  the  outsider  of  the 
bends,  while  upon  the  opposite  sides  are  low  sand  beaches,  deposited  during  freshets. 
The  banks  upon  the  outside  of  the  cur\'e8  are  washing  away  rapidly. 

From  Bocky  HiU  to  the  narrows  below  Middletown  the  banks  are  generally  perma- 
nent and  not  liable  to  wash.  Through  the  '*  straits,''  for  a  distance  of  about  a  mile, 
the  banks  are  high  and  rocky  and  the  channel  is  deep  and  narrow. 

From  this  point  to  the  mouth  of  the  river  the  banks  suffer  but  little  abrasion  from 
the  current,  and  are  generally  hilly,  sloping  downward  to  the  river,  and  in  many  places 
rocky. 


Digitized  by  VjOOQIC 


▲ppBNDix  a  265 

The  bed  of  the  stream  Is  mostly  hard  sand  and  gravel,  with  some  miztore  of  mud  in 
the  lower  part  near  the  mouth.  At  the  month,  wnere  the  stream  enters  Long  Island 
Sound,  there  is  a  bar  such  as  is  usually  formed  by  rivers  which  transport  sediment  and 
flow  through  an  alluvial  region. 

FRESH1CT8. 

The  Connecticut  River  is  subject  to  freshets  of  considerable  height,  which  occur 
principally  in  the  spring,  when  the  yohime  is  swollen  by  the  melting  snow,  although 
occasional  floods  have  occurred  in  every  month  of  the  year  except  Jiily  and  Septem- 
ber. The  highest  freshets  generally  take  place  in  the  spring.  Thei-e  was  one  remark- 
able exception,  however,  in  August,  1856,  when  the  water  at  Hartford  rose  to  a  height 
of  33  feet  4  inches  above  low-water  mark.  This  was  caused  by  unusually  heavy  rains 
which  occurred  at  that  time. 

The  freshet  of  May,  1854,  is  the  highest  known  below  Holyoke.  This  was  29  feet 
and  10  inches  above  the  low -water  mark  of  the  Hartford  gauge.  The  freshet  of  April, 
18G2,  was  the  highest  known  on  Holyoke  dam,  and  was  probably  the  highest  in  the 
river  above  that  point.    At  Hartford  it  was  1  foot  and  2  inches  lower  than  that  of  1854. 

Previous  to  these  two  freshets  the  flood  of  1801  was  the  highest  on  record,  and  formed 
the  basis  of  most  of  the  points  of  reference  along  the  river  previous  to  1854.  The  low- 
water  mark  was  27  feet  and  6  inches  below  this  high- water  at  Hartford,  and  the  pres- 
ent city  base  is  intended  to  be  30  feet  below  it.  The  same  low- water  mark  is  retained 
at  the  present  time,  although  the  water  has  been  supposed  once  to  have  fallen  below 
this  zero.  In  1867  there  was,  at  the  northeast  comer  of  Ch spin's  wharf,  upon  a  large, 
firm  pile,  four  spikes,  put  in  by  different  persons  at  the  lowest  stages  of  the  water  in 
different  years.  The  lowest  one  was  driven  by  Mr.  E.  B.  Famham,  of  Hartford,  at  the 
extreme  low-water  of  August,  1858,  and  was  .11  of  a  foot  lower  than  the  level  of  the 
zero  of  the  gauge  at  the  toll-bridge.  This  is  the  lowest  water  known.  The  next  spike 
was  .12  of  a  foot  higher,  corresponding  to  about  the  zero  of  the  gauge,  and  was  said 
to  have  been  driven  by  Mr.  Hemi>stead,  a  fanner  surveyor  of  the  Union  Company,  which 
built  some  wing-dams  upon  the  river  below  Hartford.  The  other  two  spikes  were  higher 
np.  One  of  them  was  driven  by  Mr.  P.  B.  Goodsell,  a  surveyor  of  the  Union  Company, 
in  1833,  and  the  other  by  some  other  person  not  known. 

SURVEYS  OF  1871. 

The  first  reconnaissance  of  the  Conneeticut  River  between  Hartford  and  Holyoke, 
with  a  view  to  improving  the  navigation,  was  made  in  January'  and  February',  1871, 
and  the  following  report  was  then  submitted. 

The  points  n^ferred  to  .upon  the  maps  and  charts  transmitted  with  this  report  can  be 
found  upon  the  reduced  maps  of  the  river  herewith  appended,  Plates  I,  II,  and  III. 

Hartford,  Conn.,  March  4,  1871. 

Gexkral  :  In  conformity  with  your  letter  of  December  20,  1870,  regarding  work  to 
be  done  on  the  Connecticut  River  above  Hartford,  I  beg  leave  to  submit  the  following 
report: 

A  general  reconnaissance  of  the  river  al)Ove  Hartford  shows  that  it  has  been  in  for- 
mer times  navigable  for  boats  of  light  draught  at  certain  stages  of  the  water,  even  as 
far  up  an  the  States  of  Vermont  and  Is'ew  Hampshire.  This  was  accomplislied  by  means 
of  canals  around  the  Enfield  Falls  and  Rapids,  extending  from  11  to  16  miles  above 
Hartford ;  at  South  Ha<lley  Falls,  about  34  miles ;  and  at  Miller's  Falls,  near  Green- 
field, Mass.,  about  66  miles,  by  the  river,  above  Hartford.  Since  the  construction  of 
the  raihvays  in  the  Couuectieut  Valley,  however,  the  canals  above  Springfield  have 
fallen  into  "disuse,  aud  there  is  now  no  navigation  above  the  village  of  Holyoke,  Mass. 

At  this  place  the  l)ed  of  the  eaual  still  i*euiain8,  being  mostly  excavated  in  the  solid 
rock ;  but  the  locks  and  gates  have  long  since  disappeared,  leaving  a  succession  of  falls 
in  the  l>ed  of  the  caual. 

The  Holvoke  Water-Power  Coujpany,  in  their  new  dam  recently  completed,  have 
con.stmctei  a  lock  of  about  15  feet  width  at  the  east  end  of  the  dam  where  the  canal 
now  couuiiences,  so  that  it  is  possible  to  repair  it  for  use,  although  the  great  expense 
of  the  work  woidd  not  be  at  all  warranted  by  the  amount  of  trade  that  would  be  ukely 
to  pass  through  it. 

A  paper-mill  is  now  built  directly  over  the  bed  of  the  canal,  but  the  archway  could 
be  raiseil  sufficiently  for  the  passage  of  boats.  This  canal  is  at  present  used  only  as  a 
tail-race  for  the  mills  along  its  border. 

Holyoke  is  now,  and  likely  to  continue  for  many  years,  the  head  of  all  navigation 
on  the  Connecticut  River. 

Between  Holyoke  and  Springfield,  a  distance  of  about  ten  miles,  it  is  said  that  there 
ore  some  bad  places ;  but  that  boats  drawing  4  or  5  feet  can  pass  at  an  ordinary  low 
Btage  of  the  water. 
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A  line  of  soundings  run  from  Springfield  to  Holyoke  does  not  show  anything  less 
than  5  feet  in  depth  at  low  wat«r  in  the  channel. 

On  this  part  of  the  river  there  are  two  bridges,  neither  of  whieh  has  a  draw ;  but 
they  are  sufficiently  high  to  allow  boats  without  masts  to  pass  under  them. 

From  Spriiiglield  to  Enfield  Falls,  a  distance  of  about  8  miles,  the  river  is  compara- 
tively good,  being  mostly  over  8  or  9  feet  deep,  with  but  one  bar  of  any  importance, 
at  Long  Meadow  Flats.  On  this  there  is  about  5  feet  at  low  water,  as  sounded  through 
the  ice  the  past  winter. 

A  line  of  soundings  has  been  run  from  the  head  of  the  Windsor  Locks  Canal  to 
Springfield,  folloAving  as  nearly  as  possible  the  line  of  the  channel,  and  this  was  the 
worst  place  found. 

Immediately  at  the  head  of  the  canal  there  is  a  shoal  of  small  extent,  caused  by  the 
current  setting  into  the  entrance,  which  has  not  been  surveyed,  as  it  is  probable  that 
when  the  channel  below  is  improved  the  canal  company  will  take  care  of  that  os  well 
as  the  bed  of  the  canal. 

At  Springfield  there  are  two  bridges,  neither  of  which  has  draws,  and  there  are  no 
others  down  to  the  Enfield  dam  and  the  head  of  the  canal. 

The  Windsor  Locks  Canal,  reaching  from  above  the  dam  around  Enfield  Falls  and 
the  rapids  below  a  distance  of  5  mile^^,  is  mostly >  used  at  the  present  time  as  a  water- 
power  for  manufactuiing  puri>oses  at  the  \illage  of  Windst>r  Locks. 

The  bed  of  the  canal  at  the  surface  of  the  water  is  from  50  to  100  feet  wide,  and  the 
water  is  from  5  to  12  feet  in  depth.  There  is  an  entrance  lock  at  the  ui)per  end  77^  ft^t 
long  and  20  feet  wide,  and  at  the  lower  end  there  are  three  locks,  each  77  feet  long 
and  18^  feet  wide.  All  of  these  locks  are  in  poor  repair.  The  canal  is  somwhat  filled 
in  by  washing  from  the  banks,  and  is  much  troubled  by  a  long  eel-grass  growing  up 
from  the  bottom.  It  can,  however,  be  put  in  passable  condition  with  little  expense. 
This  will  nrobably  be  done  by  the  company  when  the  channel  is  improved  below. 
During  eight  weeks  last  summer  no  boats  were  able  to  get  up  as  far  as  the  canal  on 
account  of  the  low  stage  of  the  river. 

Although  there  is  a  foil  of  about  25  feet  in  the  5  miles  of  river  alongside  the  canal, 
it  is  navi liable  at  ceriaiu  stages  of  the  water,  an  opening  being  left  in  the  middle  oi 
the  Enfield  dam  to  allow  boats  to  pass. 

By  the  way  of  the  river,  boats  are  obliged  to  pass  under  the  highway  bridge  at  En- 
field, and  the  bridge  of  the  New  Haven,  Hartford  and  Springfield  Railway,  which  also 
have  8i)ans  over  the  canal.  These  bridges  have  no  draws,  although  the  charter  of  the 
railroad  company  re(iuires  them  to  have  one.  The  railroad  bridge  has  a  "draw-span," 
where  it  was  intended  that  a  draw  should  be  placed,  but  it  is  near  the  west  end  of  the 
bridge,  and  not  over  the  channel,  which  runs  near  the  middle  of  the  river.  Between 
the  lower  outlet  of  the  Windsor  Locks  Canal  and  Hartford  are,  at  present^  the  worst 
places  in  the  navigable  portion  of  the  river.  By  measurements  taken  while  descend- 
ing the  river  in  a  small  boat  during  the  lowest  water  last  summer,  the  depth  of  water 
on  the  bars  in  the  course  of  the  channel,  indicated  by  the  captain  of  a  boat  navigating 
this  i)orti(m  of  the  river  who  accompanied  me,  was  as  follows:  At  Barber^s  Landing,  1 
foot  J  at  Famiington,  orTunxis  River,  1.5  feet;  at  Strong's  Island,  1.3  feet;  at  Scan  tic 
River,  1.2  feet.    The  deepest  i)laces  on  the  bars  were  probably  not  found. 

SURVEYS. 

In  view  of  the  amount  of  the  appropriation  for  this  part  of  the  Connecticut  River, 
it  was  thought  best  not  to  make  any  extended  or  expensive  sur\'eys,  but  to  give  espe- 
cial attention  to  that  part  of  the  channel  which  presented  the  greatest  obstacles,  and 
which  seemed  to  lie  in  the  most  immediate  need  of  improvement.  The  worst  part  of 
the  river  being  between  Hartford  and  Windsor  Locks,  it  seemed  advisable  to  com- 
mence with  the  improvements  at  Hartford,  and  improve  the  channel  upwanl  as  far  as 
the  approjiriation  would  allow ;  especially  as  the  lower  part  must  be  passed  to  reach 
the  ujiper,  and  while  the  obstructions  existed  below  there  was  no  navigation  at  all 
on  the  better  portion  of  the  river  above. 

It  has  also  been  deemed  pi-eferable  to  make  a  moderate  improAnnent  in  all  the  worst 
places  beh)w  the  canal,  so  as  to  pennit  the  passage  of  boats  of  light  draught  at  all 
stages  of  the  water,  rather  than  to  expend  too  uuich  upon  any  one  place ;  so  that 
whatever  improvements  are  made  with  the  present  appropriation  will  benefit  the 
whole  river  above. 

In  conformity  with  these  views,  surveys  have  been  ma<le  on  the  lower  part  of  the 
river  during  the  past  winter,  since  January  1,  to  determine  the  position  of  the  bars 
and  the  best  method  of  improving  the  channel. 

On  the  maps  herewith  presented  the  soundings  are  reduced  to  a  unifonnly-inclined 
surface  between  the  low-water  mark  at  Hartford,  which  is  assumed  at  the  zen)  of  the 
gauge-board  at  the  toll-bridge,  and  what  is  supposed  to  be  the  low-water  mark  at  the 
mouth  of  the  Scantic  River  near  the  village  of  East  Windsor  Hill. 

Bench-marks  were  established  at  intervals,  and  all  soundings  refeired  to  gauge-stakes 
set  from  the  bench-marks. 
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These  benches  were  carefully  leveled  over  between  Scautic  River  and  the  gange- 
board  at  Hartford.  The  height  of  the  water  at  each  end  of  the  line  was  taken  every 
ten  minutes  on  three  different  days,  to  get  the  average  8lo])e  of  the  water  surface  and 
to  eliminate  the  effect  of  fluctuations  of  the  river,  which,  fortunately,  during  the 
observations,  were  verj'  small.  The  average  of  the  observations  for  a  mean  height  of 
water  of  2.64  feet  at  Hartford,  varying  between  2.41  and  2.97  feet,  gave  the  slope  of 
the  river  surface  between  the  two  points  at  3.10  feet,  with  a  probable  error  of  ^.06 
foot.    The  total  distance  by  the  river  between  the  points  observed  is  38,300  feet. 

The  slope  of  the  surface  at  extreme  low- water  has  been  assumed,  however,  at  3.83 
feet  between  the  above-named  points,  or  0.1  of  a  foot  in  1,000  feet,  as  extreme  low- 
water  at  Hartford  is  caused  by  uncommonly  low  tides,  which  materially  increase  the 
slope  of  the  river  at  such  times,  there  being  little  or  no  tide  at  the  mouth  of  the  S<:antic, 
ana  sometimes  a  foot  and  a  half  at  Hartford.  It  is  believed  that  the  plane  assumed  is 
as  near  as  possible  to  extreme  low-water  mark  over  the  portion  of  the  river  where 
soundings  were  taken. 

The  presence  of  the  ice  on  the  surface  of  the  water  during  the  time  of  the  survej-s, 
by  its  retarding  influence  upon  the  upper  stratum  of  water,  has  the  effect  probably  of 
deepening  the  channel  over  the  worst  ]>laces  on  the  bars  by  increasing  the  current  on 
the  bottom,  but  the  stage  of  the  river  having  been  at  alwut  the  level  of  ordinary  low- 
water  during  the  progress  of  the  surveys,  the  change  has  not  probably  been  material. 

CHARACTER  OF  THR  BOTTOM  AND  BAXKS. 

The  bottom  of  the  river  upon  the  parts  where  soundings  were  taken  is  coarse  and 
fine  sand,  with  a  mixture  of  mud  in  tbe  deeper  places. 

Ui>on  the  crests  of  the  bars  it  is  a  fine  clear  material,  which  moves  easily,  and  the 
grains  of  which  roll  over  and  over  each  other  with  the  current,  forming  small  waves 
on  the  .surface  of  the  bottom,  until  the  grains  reach  the  top  or  cn^st  of  the  bar,  when 
they  fall  down  the  steeply-inclined  slope  of  the  lower  side  of  the  ridge. 

This  is  the  0]ieration  -at  low- water:  at  high- water  the  bars  are  probably  carried 
away,  to  be  reformed  again  as  the  river  falls  to  its  low  level. 

Tlie  character  of  the  bars  above  Hartford  differs  materially  from  that  of  thos€>  below. 
The  latter  lie  square  across  the  river,  with  the  deepest  water  above  aud  below  them  in 
almost  the  same  line,  and  crossing  the  deepest  i>oint  of  the  bar.  Above  Hartford  the 
bars  are  less  compact,  and  their  formation  is  more  up  and  down  diagonally  across  the 
river,  with  the  deep  water  extending  into  each  acute  angle  formed  with  the  banks. 

The  channel  runs  down  on  one  side,  between  the  bar  and  shore,  until  the  greater 
part  of  the  water  is  wasted  over  the  shoal,  and  forms  another  channel  on  the  other 
aide,  which  again  has  deep  water,  and  usually  continues  for  some  distance  down 
stream. 

The  general  principle  adopted  for  improving  the  navigation  over  these  bars  is  not 
so  much  to  direct  the  water  flowing  in  the  channel,  as  to  cut  off  the  wastage  over  the 
upper  part  of  the  shoal  by  suitable  wing-dams,  so  as  to  force  more  water  into  the  proper 
and  natural  channel,  to  enable  it  to  scour  out  deeper  by  the  increased  abrasion  of  the 
water  on  the  lK)ttom. 

The  character  of  the  banks  could  not  well  be  observed  during  the  progress  of  the 
survey,  owing  to  the  great  amount  of  snow ;  but,  from  previous  observatitm,  they  are 
known  to  be  washing  away  on  the  outside  of  the  bend,  for  about  2  miles  above  Hart- 
ford, and  to  be  tolerably  permanent  above  that  point. 

HIGLEY's  point  BAR. 

The  ftrst  place  above  Hartford  needing  immediate  improvement  is  at  Higley's  Point, 
abont  If  miles  above  the  toll-bridge. 

Here  it  is  proposed  to  construct  a  wing-dam,  about  900  feet  long,  out  from  the  east 
bank,  just  above  the  entrance  of  a  small  stream,  as  shown  by  a  red  line  on  chart  No.  1, 
herewith  submitted. 

This,  it  is  believed,  will  throw  sufficient  water  into  the  channel  to  preser^'e  the 
requisite  depth  at  low-water  for  the  ordinary  traffic. 

BAR  AT  barber's  LANDING. 

The  next  4>lace  above  Higley's  Point  that  needs  attention  is  near  BarWr's  Landing, 
3|  miles  above  Hartford.  This  bar  is  of  the  same  general  character  as  that  of  Higley's 
Point,  being  formed  by  the  wasting  of  the  water  over  the  flat  above,  ami  crossing  to 
the  other  side  of  the  river.  Here  it  is  proposed  to  construct  a  Aving-dam,  about  900 
feet  in  length,  extending  out  from  the  east  side  of  the  river  below  the  entrance  of  the 
small  stream,  in  the  position  indicated  by  the  red  line  on  chart  No.  2,  lierewith  sul>- 
initted.  This  wing-dam  might,  perhai>s,  be  moved  a  little  farther  down  stream,  but 
it  would  come  in  deeper  water  and  be,  therefore,  mote  expensive. 
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TUNXIB  RIVBB  BAB. 

Where  the  Tuiuds  or  Farmington  River  enterg  the  Connecticut,  5^  miles  above 
Hartford,  two  extensive  sand-flats  have  fonned ;  one  on  the  west  side  of  the  river, 
extending  from  the  Tunxis  about  three-quarters  of  a  mile  up  the  river,  and  the  other 
below,  on  the  opposite  side,  extending  down  the  river  about  half  a  mile.  Between 
these  two  flats  the  bar  has  formed,  reaching  diagonally  across  the  channel  in  the 
usual  manner,  before  described. 

This  bar  is  shown  on  chart  No.  3,  and  the  sand-flats  on  charts  Nos.  3  and  4,  which 
are  continuous,  and  join  on  the  line  a  h. 

Just  below  tne  mouth  of  the  Tunxis  the  channel  makes  an  abrupt  turn  to  the  west- 
ward, and  continues  down  on  the  west  side  of  the  river  with  quite  deep  water.  The 
bar  runs  for  some  distance  between  two  deep  pockets,  and  it  is  a  matter  of  some  doubt 
where  it  is  better  to  deepen  the  channel  across  it.  The  position  selected  for  a  wing- 
dam  at  this  place,  shown  by  the  red  line  on  chart  No.  3,  extending  out  from  the  east 
bank  nearly  at  right  angles,  is  believed  to  be  the  best,  as  it  changes  as  little  as  i)os- 
sible  the  present  Ime  of  deepest  water  over  the  bar.  This  wing-dam  wUl  be  about  500 
feet  long. 

STBONO'S  ISLAND  BAR. 

At  Strong's  Island,  so  called,  although  at  ordinary  low-water  it  is  all  covered,  the 
principal  bar  is  situated  just  below  the  flat  or  island,  6^  miles  from  Hartford.  The 
channel  follows  the  west  bank  of  the  river  for  about  a  mile  above,  and  then  crosses 
over  the  bar  to  the  east  side  of  the  river.  There  is  no  channel  to  the  eastward  of 
Strong's  Island,  and  just  above  it  an  extensive  shoal  reaches  to  the  east  bank.  There 
is  also  another  sand-flat  above,  bare  at  low -water.  These  are  all  shown  on  the  ac- 
companying chart  (No.  4),  which  embraces  the  whole  river  up  to  the  Scan  tic. 

It  is  proposed  to  form  a  channel  over  this  bar  by  means  oi  a  wing-dam,  extending 
out  about  1,100  feet  from  the  east  bank  across  the  upper  part  of  Strong's  Island,  as 
shown  by  the  red  line  on  chart  No.  4.  This  will  cut  off  the  water  now  wasting  to  the 
eastward  of  the  flat  and  over  it  at  ordinary  stages  of  low-water,  and  throw  it  into 
the  channel. 

Between  Strong's  Island  and  the  Scantic  there  are  some  stumps  in  the  channel  that 
will  be  required  to  be  removed. 

BCANnC  BAB. 

The  bar  at  the  mouth  of  the  Scantic  River,  7^  miles  from  Hartford,  is  at  present  the 
worst  place  on  the  river.  Opposite  the  mouth  of  the  Scantic  and  a  little  above  there 
is  an  irregular  bar,  as  shown  by  the  survey ;  but  ordinarily  no  trouble  is  experienced 
above  the  main  bar.  just  below.  This  commences  at  a  point  near  Bissell's  FeiTy,  and 
runs  diagonally  across  the  river  to  a  point  near  the  upper  part  of  Strong's  Island  Flat, 
about  half  a  mile  below.  It  leaves  a  large  and  deep  pocket  on  the  east  side  of  the 
river  Just  below  the  Scantic  ferry  landing,  which  extends  some  distance  down  the 
river,  and  was  probably  once  the  ])rincipal  channel.  The  channel  is  now  on  the  west 
side  below  Scantic  Bar,  and  is  quite  narrow  for  some  distance ;  but  by  the  means  pro- 
posed for  improving  the  bar,  the  channel  below  will  also  be  benefited. 

By  cutting  off  all  the  water  from  the  present  channel  on  the  west  side  of  the  river, 
the  water  might  be  forced  to  follow  the  east  bank  at  least  as  far  as  Strong's  Island : 
but  the  uncertainty  of  changing  the  channel  to  this  extent,  as  well  as  the  increased 
expense,  make  the  improvement  of  the  present  western  channel  preferable. 

It  is  proposed  to  improve  this  place  in  the  river  by  running  out  a  wing-dam  from 
the  point  of  high  ground  just  above  the  mouth  of  the  Scantic  diagonally  down  stream 
about  1,400  feet,  then  turning  more  parallel  to  the  current,  and  continuing  it  about 
600  feet  farther  dowu.  This  will  cut  ott'  and  turn  into  the  channel  most  of  the  water 
flowing  over  the  flat  into  the  deep  pocket  above  mentioned  near  the  Scantic  shore. 

The  proposed  construction  will  interfere  with  the  present  ferry-landings,  but  it  is 
not  seen  how  it  can  be  avoided  without  greatly  iucreased  exi>ense.  By  moving  the 
ferry-landings  a  few  hundred  feet,  which  would  come  more  nearly  opposite  the  road 
leading  to  Ea.st  Windsor  Hill,  the  ferry  can  be  operated  below  the  proposed  dam. 

A  portion  of  the  structure  might  l>e  left  ofl'  for  a  time  to  see  the  eft'ect,  and  it  might 
not  be  necessary  to  continue  it  so  far  down  as  to  seriously  interfere  with  the  present 
road  and  landings. 

THE  CHABACTEB  OF  THE  WING-DAMS. 

The  river,  through  the  whole  length  of  the  part  embraced  in  the  proposed  imnrove- 
ment,  is  much  wider  than  the  average  for  the  same  distance  below  Hartford  at  ordinary 
stages  of  the  water,  although  at  extreme  low-water  some  few  places  become  nar- 
rower. Wherever  the  bars  form  the  river  is  wide,  and  the  proposed  wing-dams  are  there- 
fore quite  long.    In  order  not  to  Interfere  too  much  with  the  regimen  of  the  river  at 


Digitized  by  VjOOQIC 


APPENDIX  B.  269 

higher  stages  of  water,  it  seems  desirable  not  to  make  these  dams  too  high.  A  height 
of  ^  feet  above  low-water  mark  has  been  assumed  for  all  of  them,  which  reaches  to 
the  ordinary  low-water  level  or  a  little  alwve. 

The  section  assumed  is  to  have  the  top  3  feet  in  width,  and  the  slope  on  each  side 
■  one  horizontal  to  one  vertical. 

The  best  material  available  for  the  constniction  of  these  embankments  is  the  broken 
stone  and  waste  from  the  sandstone  quarries  on  the  river.  Tliis  will  form  a  perma- 
nent construction  not  likely  to  be  washed  away  during  freshets,  and  will  probably  be 
found  to  be  the  cheapest  mode  of  forming  suitable  wing-dams. 

Stones  of  various  sizes  can  be  thrown  in  at  random  from  scows  until  the  dam  is  built 
up  to  the  dimensions  described.  It  would  not  be  water-tight,  but  sufficiently  compact 
to  offer  the  requisite  obstruction  to  the  flow  of  water. 

Tliere  are  large  quarries  at  Portland,  16  miles  below  Hartford,  with  great  quantities 
of  waste  lying  close  to  the  bank  of  the  river,  and  also  a  ijuarry  at  East  Windsor,  about 
9  miles  above  Hortford,  with  a  railway  to  the  river-bank  and  good  facilities  for  loading 
the  stone  into  boats. 

A  suitable  stone  could  probably  be  found  at  other  x>oints  on  the  river  and  ouarned 
especially  for  this  work,  although  perhaps  it  would  not  be  so  cheaply  obtainea. 

ESTIMATE  OF  COST. 

Wing-dam  at  Higley's  Point,  600  cubic  yards,  at  |3 |1,  800  00 

Wing-dam  at  Barber^s  Landing,  900  cubic  yawls,  at|3 2, 700  00 

Wing-dam  at  Tunxis  River,  700  cubic  yards,  at  i^l 2, 100  00 

Wing-dam  at  Strong's  Island,  560  cubic  yards,  at  J^3 1, 680  00 

Wing-dam  at  Scantic  River,  2,880  cubic  yards,  at  p 8, 640  00 

Removing  stumps 80  00 

Surveys  already  made,  &c 3,000  00 

Total 20,000  00 

IMPROVEMENT  OP  ENFIELD  FALLS. 

My  attention  is  called  in  your  communication  of  February  23  to  a  letter  from  Mr. 
Chiu-les  E.  Buell,  of  Springfield,  Mass.,  to  Mr.  Minot  in  regard  to  improviujBf  the  Con- 
necticut River  above  Hartfonl,  with  a  desire  that  I  will  consider  it  in  makmg  up  my 
report. 

Mr.  Buell  says :  "  Every  effort  should  be  made  to  keep  the  appropriations  from  being 
expended  except  on  the  Enfield  Falls,  and  to  avoid  the  use  of  the  present  canal ;  or 
else  everv  business  interest  above  Windsor  Locks  must  pay  an  unnecessary  tribute  to 
the  canal  company,  while  a  trifling  increase  in  outlay  will  give  us  a  free  nighwayj  be- 
sides adding  other  valuable  advantages,  if  a  dam  was  constructs  across  the  river  at 
the  foot  of  the  falls." 

There  is  no  doubt  that  the  canal  at  Enfield  Falls  is  a  great  disadvantage  to  naviga- 
tion above,  and,  if  possible,  should  be  avoided.  From  the  foregoing  statements  and 
estimate  it  will,  however,  api>ear  that  the  amount  already  appropriated  will  not  more 
than  cover  the  expense  of  the  necessary  iiupnivement  of  the  river  up  to  the  lower  end 
of  the  canal.  There  seems  to  be  no  necessity  for  work  on  the  Enfield  Rapids  until  the 
river  is  in  such  a  condition  that  they  can  be  reached  from  below. 

From  my  present  knowledge  of  the  river  I  shtmld  say,  however,  that  in  the  higher 
stages  of  the  water  the  channel  becomes  navigable  below  the  canal  before  it  is  pass- 
able at  all  over  the  rapids ;  and  that  when  the  water  rises  nmch  above  the  ordinary 
level  boats  can  ascend  or  descend  the  river  without  passing  tlirough  the  canal,  although 
the  ascent  is  diflicult. 

The  prevailing  stage  of  the  river  during  the  months  open  to  navigation  is  from  1  to 
2  feet  above  low-water  mark,  at  which  sta^e  the  rapids  are  totally  impassable,  and 
the  canal  is  used  by  such  boats  as  can  pass  m  the  channel  below  to  ascend  the  river. 

Under  these  circumstances,  there  seems  to  be  no  doubt  that  the  channel  below  the 
canal  should  be  first  improved,  so  as  to  make  the  communication  with  the  river  above 
good  at  all  times. 

With  regard  to  further  improvement  there  is  some  question  whether  it  is  best  to 
improve  the  present  canal  by  widening  and  lengthening  its  locks,  or  to  try  to  benefit 
the  river-channel  in  some  ot tier  way. 

I  have  not  heretofore  considered  this  question,  as  the  appropriation  already  made 
would  not  more  than  meet  the  requirements  below,  and  is  totally  inadequate  to  meet 
the  expense  of  improvements  on  tne  canal  or  over  the  falls. 

It  is  suggested  by  Mr.  Buell,  in  the  letter  above  mentioned,  that  a  dam  should  be 
built  at  me  foot  of  the  falls.  But  he  does  not  say  how  that  is  expected  to  benefit  the 
navigation.  He  probably  intends  that  a  series  of  locks  shall  be  made  in  connection 
with  it,  to  raiae  and  lower  the  boats  between  the  two  levels,  which  would  be  from  25 
to  28  feet. 
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This  plan  is  practicable  in  an  engineering  point  of  view,  but  there  are  several  objec- 
tions to  it  afl  a  means  of  impro\4nff  the  navigation  of  the  river.  In  the  first  place  is 
its  cost.  The  dam  at  Holyoke,  of  about  the  same  height  and  less  width,  has  cost 
$600,000,  the  main  dam  having  been  built  twenty  years  ago,  when  prices  were  much 
lower  than  now.  The  proposed  dam^  with  its  locks,  would  be,  roughly,  say,  $250,000 
more,  or  $850,000 ;  an  amount  that  it  is  not  at  all  probable  would  ever  be  appropriated 
for  the  navigation  that  exists  above  Hartford. 

The  dam  proposed  would  prevent  all  navigation  except  through  the  locks.  No  open- 
ing could  be  left,  as  in  the  present  dam  at  the  head  of  the  falls,  for  boats  to  pass  at 
high-water. 

The  cost  for  attendance  on  the  locks  would  probably  cost  more  than  the  tolls  through 
the  present  canal,  which  are  stated  to  lie  $1,200  for  the  year  1869.  If  a  dam  were  pos- 
sible, on  account  of  the  expense,  the  proposed  plan  is  probably  not  the  best.  A  dam 
at  the  head  of  the  falls  and  a  canal  around  the  rapids  would  probably  prove  cheaper 
and  safer,  and  could  be  built  more  permanently  at  less  cost. 

It  aijpears  to  me,  however,  that  all  such  questions  involve  too  great  an  outlay  for 
the  benefit  derived.  If  the  river  between  the  points  embraced  by  the  canal  can  be 
improved  so  as  to  be  passable  for  boats  to  a  ^eater  extent  than  at  present,  it  would 
seem  desirable  to  expend  any  future  appropriations  in  that  direction,  especially  as  the 
dimeusioDS  of  the  locks  in  the  present  canal  are  far  too  small. 

The  canal  is  owned  by  the  Connecticut  River  Comijany,  chartered  by  the  State  of 
Connecticut  for  the  purpase  of  improving  the  navigation  of  the  river  between  Hart- 
ford and  Springfield ;  and  they  have  the  right  to  make  improvements  anywhere  on 
the  river  above  Hartford.  It  does  not  appear,  however,  that  they  have  ever  done  any 
other  work  than  build  the  canal  and  dam,  which  latter,  the  charter  provides,  shall  not 
interfere  with  boats  ascending  and  descending  the  river.  This  it  certainly  does  at  the 
present  time.  The  opening  originally  left  in  the  dam  has  since  been  partially  filled 
up  by  the  company  with  blocks  of  stone. 

The  charter  provides  for  commissioners,  appointed  by  the  governor  and  confirmed 
by  the  senate,  who  have  power  to  stop  the  tolls  on  the  canal  whenever  the  company 
do  not  comiily  with  the  terms  of  the  charter,  and  it  is  extremely  doubtful  if  the  pres- 
ent state  of  the  canal  and  river  would  not  warrant  them  in  so  doing. 

A  full  investigation  of  all  the  facts  connected  with  the  river,  and  also  with  the 
rights  of  the  Connecticut  River  Company,  as  well  as  a  fuU  and  complete  survey,  will 
be  necessary  before  deciding  where  future  appropriations  should  be  expended. 

LUft  of  accompanying  maps  and  charts. 

1.  Cliart  of  Higley's  Point  Bar. 

2.  Chart  of  Barber's  Landing  Bar. 

3.  Chart  of  Tunxis  River  Bar. 

4.  Chart  of  Strong's  Island  and  Scantic  River  Bars. 

5.  Map  of  the  Connecticut  River  from  Hartford,  Conn.,  to  Hadley,  Mass.^  compiled 
from  the  latest  county  and  town  maps.  The  river  from  Hartford  to  Scantic  is  from 
actual  sur\'ey. 

Very  respectfully,  yours, 

Theo.  G.  Elijs, 

Civil  Engineer. 
Maj.  Gen.  G.  K.  Warrkn, 

Major  United  States  Engineers. 

The  wing-dams  recommended  in  this  reiJort  were  partially  constructed  in  the  sum- 
mer of  1871. 

That  at  Scantic  Bar  was  commence<l  first,  and  was  built  out  to  a  jwint  150  feet  be- 
low the  angle  shown  on  the  map  of  the  river,  Plate  I,  and  was  stopped  then  to  deter- 
mine whether  the  required  effect  would  not  be  produced  without  interrupting  BisselPs 
ferry  just  below. 

Tne  result  obtained  was  so  satisfactory  that  the  dam  was  not  extended  farther ;  but 
the  ferry  is  said  to  be  much  damaged  by  the  accumulation  of  sand  below  it. 

The  wing-dams  at  Strong's  Island  and  Tunxis  River  Bars,  shown  on  Plate  I,  were 
then  commenced,  and  were  nearly  completed  before  the  close  of  the  working  season, 
about  the  middle  of  November. 

The  next  year  the  water  remained  high  late  into  the  summer,  and  no  work  was 
done.  In  the  summer  of  1873  the  water  was  again  low  and  trouble  was  experienced 
at  Barber's  Lauding  Bar  by  boats  running  uj)  the  river.  An  examination  of  the  eft'ect 
of  the  wing-dams  already  built  showed  that  the  channel  had  been  deepened  by  their 
action  to  about  3  feet,  and  it  was  also  found  that  the  bars  at  Barber's  Landing  and 
Higley's  Point  had  materially  changed  their  positions,  so  that  the  wing-dams,  as  origi- 
nafly  proposed,  would  be  too  far  up  stream.  Owing  to  the  uncertainty  of  tne  action 
of  the  river  at  these  places  the  improvement  by  wing-ilams  was  given  up  for  the  time. 
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and  in  the  siunmer  of  1873  a  channel  near  the  west  bank  of  the  river  at  Barber's 
Landing  was  dredged  out.  As  tlie  channel  of  the  river  formerly  ran  in  this  place,  and 
the  banks  had  not  materially  changed,  there  was  some  hope  that  a  permanent  diver- 
sion might  be  made  which  wonld  deepen  the  water. 

The  next  season,  however,  fonnd  the  dredged  channel  entirely  filled  np,  and  the 
shoalest  part  of  the  bar  somewhat  farther  down  stream  than  before. 

It  will  be  seen  from  the  map  of  the  river,  Plate  I,  npon  which  the  pro]>08ed  wing- 
dam  of  1871  is  shown,  that  it  would  have  been  of  doubtful  expediency  to  have  con- 
structed it. 

The  charts  of  the  several  bars  referred  to  in  the  foregoing  report  showed  the  bars  as 
they  existed  at  the  time  of  the  survey  in  January,  1871,  before  any  of  the  wing-<lams 
were  constructe<l ;  but  the  localities  are  shown  on  Plate  I  of  the  map  of  the  river  here- 
with submitted,  as  resurveyed  in  1873,  reduced  from  the  large  sheets  of  the  survey 
from  Hartfonl  to  Holyoke.  The  changes,  however,  except  in  the  immediate  vicinity 
of  the  wing-dams,  are  not  important. 

The  map  of  the  river  from  Hartfonl  to  Hadley  was  mostly  compiled ;  whereas  the 
map  now  presented  is  frt>m  actual  survey,  and  shows  all  the  'points  referrtnl  to  in  the 
foregoing  report,  in  many  respects  l*ette*r  than  that  originally  accompanying  it. 

SURVEY  OF  ENFIELD  RAPIDS. 

In  continuation  of  the  general  plan  of  improvement  above  Hartfonl,  it  became 
necessary  to  provide  for  some  means  of  passing  over  or  around  the  Entield  Rapids, 
above  the  imjirovements  contemplated  in  the  foregoing  report.  A  survey  of  that  por- 
tion of  the  river  embracing  the  rapids  and  the  Wimlsor  Locks  Canal  was,  therefon*, 
ma<le  in  tlie  summer  and  mil  of  1871,  commencing  on  the  22d  of  June  and  ccmtiuuing 
until  the  middle  of  November. 

The  following  rejiort  was  made  of  this  survey,  recommending  a  canal  around  the 
rapids.  The  map  accompanying  the  report  showed  the  different  plans  jn-oposed  in 
lines  of  <lifferent  colors.  All  of  tln«e  lines  are  tniiisferred  to  the  general  map  of  the 
river,  Plate  II,  on  a  reducetl  scale ;  but  in  place  of  the  colors  the  several  lines  are 
niarke<l  with  the  nn miter  of  the  proposed  plan. 

The  "sections"  referred  to  in  this  report  commenced  at  the  foot  of  the  old  canal, 
and  were,  at  alwut  50()  feet  intervals,  numbered  up  the  river.  Their  position  can 
rea<dily  be  found  by  the  scale. 

Hartford,  Coxx.,  January  10,  1872. 

Grneral:  In  pnrsuance  of  the  improvement  of  the  C<mnecticnt  River  above  Hart- 
ford, as  provide<l  for  in  the  appropriation  act  for  the  improvement  of  rivers  and  har- 
bors, approved  March  3,  1871,  a  survey  has  been  made  of  the  Entield  Ra])idH,  in  the 
State  of  Connecticut,  with  a  view  to  ascertain  what  improvement  can  be  made  at  this 
place  to  enable  boats  of  a  sufficient  size  to  pass,  at  all  times,  and  at  the  different  stages 
of  the  water,  to  the  navigable  portion  of  the  river  above. 

SURVEYS. 

The  surveys  of  these  rapids  have  l)een  made  during  the  past  season,  in  connection 
with  the  improvement  in  progress  l>elow. 

An  accurate  map  of  this  part  of  the  river  has  been  made,  showing  the  banks  and 
adjacent  roads  and  buildings,  and  ever^'thing  that  would  l)e  likely  to  be  affected  by 
canals  upon  the  banks,  or  dams  constructed  across  the  river-bed. 

Sections  have  been  carefully  levele<l  over  at  distances  of  about  500  feet  apart,  ex- 
tending through  the  l»ed  of  the  channel  to  such  a  distance  on  each  side  as  would  be 
likely  t«>  be  embraced  in  any  proposed  improvement. 

Iktnch-marks  were  established  l)y  careful  leveling  from  the  low-water  gauge-mark  at 
Hartford,  and  the  height  taken  of  all  high-water  nood-marks  that  had  been  preserved 
by  «lifferent  persons,  and  of  all  the  lowest  water-marks  that  could  be  ascertained. 

The  ffeld-work  was  in  charge  of  my  principal  assistant,  Mr.  Charles  L.  Burdett,  civil 
engineer,  who  made  the  survey  of  the  shore-lines,  roads,  an<l  buildings,  and  ran  the 
section-! inea  across  the  river.  He  also  made  part  of  the  soundings  in  the  bed  of  the 
river. 

The  levels  were  taken  by  Mr.  Henry  W.  Ayres,  civil  engineer. 

Much  of  the  survey  of  the  section-lines,  and  leveling  over  them,  was  very  difficult, 
the  whole  party  being  sometimes  oblige<l  to  remain  in  the  water  all  day. 

The  deepest  parts  of  the  channel  on  the  more  level  parts  of  the  rapids  were  sounded 
from  a  l»oat,  but  the  velocity  of  the  current,  and  the  rocky  character  of  the  bottom  in 
the  more  rapid  and  shoalerjwrtions  of  the  river-bed,  rendered  the  operations  of  meas- 
uring and  leveling  both  difficult  and  dangerous. 

The  party  consisted  at  times  of  Sub- Assistants  Ben.  A.  Cooke  and  George  A.  Paine, 
2d,  and  of  Oliver  Deiiing,  George  T.  Arthur,  Wilmot  Horton,  and  Eugene  L.  Avery, 
who  all  deserve  credit  for  the  willingness  with  which  they  performed  the  ilisagreeable 
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duty  of  working  in  the  water,  notwithstanding  some  of  them  snffered  from  indis- 
position in  conHeqnence  of  the  continued  exposure.  The  whole  party  j)erformed  what- 
ever duty  was  recjuired  of  them,  -without  regard  to  the  capa<.*ity  in  which  they  were 
emi>loye(l.  The  same  party  were  engaged,  when  necessary,  in  field-work  on  other 
parts  of  the  river  where  work  was  in  i^rogresa,  thus  saving  the  exx>enBe  of  another 
party  on  the  improvements  below,  whose  services  would  not  be  constantly  required.  • 

DESCRIPTION  OF  THE  RAPIDS. 

The  Enfield  Rapids  commence  at  a  point  about  sixteen  miles  alwve  Hartfonl,  Conn., 
and  eight  miles  below  Springfield,  Mass.,  and  extend  down  the  river  to  about  oppo- 
site the  village  of  Windsor  Locks,  a  distance  of  5^  miles. 

At  a  distance  of  10,4(K)  feet  below  the  head  of  the  rapids  is  King's  Island,  5,200  feet 
in  length  and  1,650  feet  wide,  which  wparates  the  stream  in  two  parts,  tlie  greater 
volume  of  water  passing  to  the  eastward  of  the  island.  The  banks  of  the  island  are 
of  rock,  and  its  westerly  side  is  a  rock-blnlf,  showing  a  strata  dipping  to  the  northeast 
at  an  angle  of  about  7°. 

The  bank  of  the  river  on  the  easterly  side,  from  the  head  of  the  rapids  down  to  near 
the  ux>i)er  end  of  the  island,  is  steep,  and  partly  of  rock,  which  is  covered  with  sandy 
loam.  Just  above  the  i.sland  the  shore  is  lower  and  sandy,  and  is  partially  overflowed 
in  high  fi-eshets.  At  this  place  there  is  a  snmll  number  of  buildings,  as  shown  on  the 
map.  Below  this,  extending  to  a  point  below  the  *New  Haven,  Hartford  and  Spring- 
field Railroad  bridge,  the  bank  is  again  steep  and  rocky,  after  which  it  g^ows  liatter, 
and  is  subject  to  overflow  in  high  freshets. 

On  this  side,  at  the  lower  end  of  the  rapids,  is  the  village  of  Warehouse  Point,  a  part 
of  which  alon^  the  shorts  is  shown  on  the  niap. 

Back  of  the  imme<liate  bank,  along  the  easterly  side,  the  ground  gradually  rises.  No 
streams  of  any  size  and  but  two  small  brooks  enter  the  river  upon  this  side. 

On  the  westerljT  side  of  the  rapids  is  the  canal  of  the  Connecticut  River  Company, 
which  will  be  referred  to  hereafter.  The  tow-i)ath  is  immediately  next  to  the  stream. 
Beyond  the  canal,  for  nearly  the  whole  length,  to  below  the  railroad  bridge,  the  ground 
is  mostly  high  and  forms  a  steep  slope,  in  which  the  canal  forms  a  side-hill  cut,  partly 
of  solid  r<»ck. 

Below  the  railroad  bridge,  at  the  foot  of  the  rapids,  extending  for  little  more  than 
a  mile,  is  the  village  of  Windsor  Locks,  part  of  which,  along  the  river,  is  shown  on 
the  map. 

For  about  a  mile  along  the  tow-path  of  the  canal,  between  it  and  the  river,  are  many 
large  manufacturing  establishments,  which  use  the  water  from  the  canal  for  poweV 
and  discharge  it  at  a  lower  level  into  the  river. 

The  track  of  the  New  Haven,  Hartford  and  Springfield  Railroad  passes  through  the 
village  just  west  of  the  canal,  running  nearly  pai*allel  to  it,  and  crossing  both  it  and 
the  nver  by  one  bridge  above.  After  crossing  the  river  the  railroad  keeps  upon  the 
east  bank,  as  shown  on  the  map. 

Between  the  viUages  of  Warehouse  Point  and  Windsor  Locks  there  is  a  swing-ferry, 
near  section  9,  as  shown  on  the  map. 

The  bed  of  the  stream  is  rock,  and  also  the  banks  generally  above  the  island.  Below 
the  island  the  substratum  of  rock  on  the  banks  is  covered  with  sandy  loam  and  gravel. 
The  branch  of  the  river  to  the  westward  of  the  island  falls  more  rapidly  at  its  upper 
end  than  the  main  channel,  and  is  con8e<iueutly  at  low-water  some  5  feet  lower  near 
the  middle  of  the  island  than  the  surface  in  the  other  bnineh. 

Levels  taken  over  the  rapids  at  a  low  stage  of  watt^r,  in  the  month  of  October  last, 
give  the  total  fall  from  still  water  above  the  rapids  to  still  water  below  at  31.8. 

At  the  foot  of  the  rapids  the  verj*^  lowest  water  deduced  fi"om  levels  taken  at  the 
lowest  stage  during  the  past  summer,  which  was  an  extremely  dry  season,  and  the 
water  was  jirobably  as  low,  within  about  an  inch,  as  ever  occurs,  is  8ni)posed  to  be  1.4 
feet  lower  than  the  levels  taken  in  October. 

Just  above  the  partial  dam  at  the  head  of  the  rapids  the  water  may  perhaps  fall  .2 
of  a  foot  below  the  height  when  leveled  over  in  October. 

Below  the  dam,  according  to  an  authentic  low-wat^,*r  mark  as  the  lowest  ever  reached, 
the  water  falls  1.4  feet  below  the  height  of  surface  when  leveled  over. 

At  intermediate  points  between  the  head  and  foot  ot  the  rapids  the  lowest  water 
varies  firom  one  to  two-tenths  of  a  foot  to  1.4  feet  l)elow  the  stage  when  leveled  over. 

At  the  lowest  stages  of  the  river  the  water  tumbles  over  the  rocky  bed  in  such  a 
manner  that  the  surface  sometimes  falls  laterally  across  the  stream  1  or  2  feet,  so  as  to 
render  it  difllcult  to  get  the  relative  levels  of  the  lower  stages. 

From  the  foregoing  it  will  be  seen  that  at  the  extreme  low-water  we  should  have  a 
fall  of  33  feet  from  the  surface  of  the  water  above  the  dam  to  the  still  water  below  the 
rapida. 

*  Now  the  New  Tork,  New  Haven  and  Hartford  Railroad. 
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The  gnrface  of  the  water  over  the  rapids  at  the  lowest  stage  leveled  over  is  formed 
of  four  principal  inclines  or  slopes,  two  of  which  are  much  steeper  thiui  the  others. 
Conmiencing  at  the  upper  end  of  the  rapids  they  are  as  follows : 


DUtences. 

^  FalL 

FaUpermUe. 

Feet. 
4.800 
7,800 
8,800 
6,500 

Feet 
10.1 

1.7 
17.8 

2.2 

Feet 
ILll 

1.18 
10.68 

L79 

The  first  slope  reaches  from  the  head  of  the  rapids  to  Enfield  hridge ;  the  next  to 
nearly  opposite  the  middle  of  the  island,  in  the  east  branch ;  the  next  to  just  below  the 
village  of  Windsor  Locks,  and  the  last  to  the  foot  of  the  rapids. 

At  nigher  stages  of  the  water  the  slope  becomes  more  uniform.  When  the  height  of 
water  at  Hartford  was  10*25  above  the  0  of  the  gauge  at  the  toll-bridge,  or  about  one- 
third  of  the  greatest  height  of  freshet,  the  slopes  on  the  rapids  were  as  follows : 


Bistancefl. 

FolL 

PWl  per  mile. 

Feet: 
4,800 
7,600 
6,800 
8,500 

Feet 
7.3 
4.3 

12.8 
L6 

Feet 

ao3 

2.90 

9.94 

.99 

At  the  hiighest  water,  or  the  freshet  of  May,  1854,  which  was  the  greatest  freshet 
ever  known  on  the  Connecticut  River,  the  slope  was  ascertained  by  levels  over  the 
marks  of  the  height  of  that  flood,  which  have  been  preserved  by  different  persons,  to 
be  as  follows : 


Distances. 

FalL 

Fall  per  mUe. 

Feet 
9,400 
10,300 
8,000 

Feet 
&9 
8.7 
0.0 

Feet 
5.00 
4.46 
0.00 

The  reach  called  level  is  averaged  through  eleven  different  flood-marks  of  the  freshet 
of  1864  that  were  leveled  over,  none  of  which  were  more  than  .6  of  a  foot  from  the 
average  line. 

The  high-freshet  hues  of  the  years  1854,  1857,  and  1869,  of  which  the  levek  were 
taken  on  this  part  of  the  river,  all  seem  to  make  the  surface  over  the  lower  part  of  the 
rapids  rise  instead  of  fall.    The  slope  must  be  exceedingly  small,  and  the  uncertainty 
of  its  amount  at  extreme  high-water  is  such  that  a  levS  is  assumed  as  being  practi- 
cally the  surface-line  for  a  distance  of  8,000  feet. 

Below  the  rapids  the  slope  of  the  river  at  extreme  low-water  to  Scantic  Bar  is  1.7 
feet  in  3^  miles,  or  .49  foot  to  a  mile.  The  high-water  slope  is  between  the  same  pointa 
A)  of  a  foot,  or  .17  foot  to  a  mile. 

From  Scantic  Bar  to  Hartford,  a  distance  of  7^  miles,  the  extreme  low-water  slope  is 
4.5  feet,  or  ft  foot  to  a  mile.  The  high-water  slope  between  the  same  points  is  2.4  feet 
or  .32  K>ot  to  a  mile.  ' 

There  are  two  bridges  over  the  rapids,  one  at  Enfleld,  4,800  feet  below  the  head  of 
the  rapids,  with  six  spans  of  124  to  176  feet,  and  rectangular  piere  of  rubble  masonry 
of  poor  quality,  with  a  flat  slope  up  stream  originally  covered  with  a  plank  as  a  pro- 
tection against  ice.  The  bridge  is  a  wooden  lattice,  continuous  over  the  piers,  and  is 
in  a  tumble-down  and  nnsafe  condition,  being  in  some  places  very  badly  strained  and 
warped.  The  whole  is  covered  with  sheathing  to  protect  it  from  the  weather.  The 
bottom  of  the  bridge  is  9.2  feet  above  the  tow-path  of  the  canal. 

The  other  bridge,  situated  12,200  feet  farther  down,  is  that  of  the  New  Haven,  Hart- 
ford and  Springfield  Railroad.    It  is  a  fine  iron  bridge  of  recent  construction,  with 
cnt-stone  piers,  and  spans  as  follows : 
1  of  140  feetf  over  the  canal. 
1  of  76  feet,  over  the  tow-path. 
1  of  43  feet,  called  the  draw-span. 

18  s 
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12  of  88i  feet,  over  the  river. 

1  of  177  feet,  over  the  channel. 

1  of  25|  feet,  over  a  roadway  at  the  east  end. 

At  the  head  of  the  rapids  is  a  dam  about  3  feet  high,  extending  nearly  across  the 
river,  with  an  opening  near  the  middle  of  150  feet,  wnich  was  onginallv  left  for  the 
pasaage  of  boats  and  rafts.    The  ends  of  the  dam  are  higher  than  near  tne  middle. 

Th«  opening  was  passable  for  boats  some  twelve  or  fifteen  years  a^o,  but  since  that 
time  has  been  gradually  filled  up  year  after  year  with  stone  thrown  in  by  the  Connec- 
ticut River  Company,  until  it  is  now  impassable;  the  water  being  only  about  1^  feet 
deep  where  it  passes  through  the  dam. 

THE  CONNECTICUT  RIVER  COMPANY. 

The  Connecticut  River  Company  have  a  canal  around  the  rapids,  commencing  at  the 
dam  above  meutioned  and  following  the  west  bank  of  the  river  about  5^  miles  to  Just 
below  the  village  of  Windsor  Locks.  This  canal  is  constructed  on  the  river-bank,  out- 
side of  the  natural  bed  of  the  stream,  by  cutting  into  the  side-hill  and  forming  an 
embankment  upon  which  is  the  tow-path.  The  depth  varies  from  4^  to  12  feet,  and 
the  width  from  44  to  160  feet.  Above  the  village  of  Windsor  Locks  it  is  mostly  of  an 
average  width  of  about  80  feet,  and  through  the  village  it  will  average  about  55  feet 
in  width. 

At  the  upper  end  of  the  canal  is  a  guard-lock  19.4  feet  wide,  and  91  feet  long  between 
the  quoins,  for  the  purpose  of  admitting  boats  at  high-water,  and  also  gate«  to  regu- 
late the  flow  of  water  into  the  canal. 

At  a  distance  of  250  feet  below  Enfield  bridge  crossing  there  is  a  set  of  stop-gates, 
by  which  the  water  above  them  can  be  raised  five  feet  to  equalize  the  pressure  inside 
and  out,  and  render  the  embankment  more  secure  in  times  of  high  fresnets. 

Opposite  King's  Island  the  canal  crosses  over  Stony  Brook  by  means  of  an  aqueduct. 
This  nas  a  width  of  79.2  feet,  and  a  depth  of  5  feet. 

At  the  lower  end  of  the  canal  there  are  three  lift-locks,  of  19  feet  width,  and  90  feet 
long  between  quoins.  These  locks  were  poorly  constructed,  and  are  at  the  present 
time  in  ba<l  condition.  The  middle  one  has  the  sides  pressed  inward  so  as  to  measure 
but  18.4  feet  in  one  place. 

Through  the  village  of  Windsor  Locks  the  water  used  for  manufacturing  purposes 
now  furnishes  the  company  its  principal  revenue.  The  manufacturing  establishments 
are  on  the  tow-path  side  of  the  canal,  w^hich  is  here  crowded  by  the  railroad  and  prin- 
cipal streets  of  the  village,  so  as  to  be  in  one  place  but  44  feet  wide. 

The  Connecticut  River  Company  was  chartered  in  May,  1824,  by  the  State  of  Con- 
necticut, with  the  following  powers,  among  others : 

'^That  the  said  corporation,  for  the  purpose  of  widening  the  channel  of  said  river, 
and  deepening  the  same,  shall  have  power  to  dig,  cleanse,  and  remove  obstructions 
from  the  channels  and  bars  of  said  river,  from  and  above  the  bridge  at  Hartford,  to 
Springfield,  and  to  erect  and  build  wharves  and  piers  and  hedges  in  said  river,  or  on 
tne  banks  thereof;  and  the  said  corporation  are  empowered  to  lock  the  falls  at  Enfield, 
on  said  river,  and  to  make  channels  to  aid  them,  and  to  construct  a  canal  on  either 
bank  of  said  river  near  said  falls,  and  to  constnict  a  dam  or  dams  for  the  purpose  of 
entering  or  leaving  the  locks  in  still  water ;  provided  the  extension  and  form  thereof 
shall  be  such  as  shall  not  prevent  the  convenient  passage  of  boats  and  lumber  down 
the  river,  nor  obstruct  the  passage  of  fish." 

The  act  also  provides  for  a  board  of  three  sworn  commissioners,  "  under  whose  direc- 
tions the  necessary  canal  shall  be  laid  out,  and  who  shall  inspect  the  construction  of 
the  locks  and  dams  in  said  river,  and  cause  them  to  be  so  constructed  as  they  shall  not 
impede  the  process  of  fish  up  the  river,  or  the  passage  of  floating  boats,  timber,  or  any 
other  property  down  the  river." 

All  the  ordmary  and  necessary  powers  were  given  to  the  company  in  the  act,  and 
the  commissioners  were  given  power  to  inspect  the  locks,  canals,  &c.,  and  when  out  of 
repair  or  improperly  tended,  to  direct  that  no  toll  be  taken  until  a  certificate  should 
be  given  by  them  that  all  necessary  repairs  were  made  and  suitable  lock-tenders  em- 
ployed. 

The  tolls  allowed  by  this  act  were  50  cents  per  ton  of  loading  for  ascending  boats, 
and  17  cents  per  ton  for  all  descending  boats  and  rafts;  empty  boats  passing  through 
the  locks,  f  1. 

Vacancies  in  the  board  of  commissioners  were  to  be  filled  by  the  governor,  with  the 
consent  of  the  senate. 

An  addition  and  amendment,  passed  in  May,  1825,  recites  that  "the  capital  stock  of 
said  company  may  be  expended  between  Hartford  and  the  north  line  of  this  State  to 
Lon^  Meadow,  and  West  Springfield,  in  the  State  of  Massachusetts,  and  also  to  im- 
proving the  navigation  above  this  State  toward  the  sources  of  Connecticut  River  and 
toward  the  Lake  Memphremagog,  in  the  State  of  Vermont,  so  far  as  shall  be  deemed 
practical  and  expedient,  lawfiu  authority  for  so  doing  being  had  and  obtained;  and  to 
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this  end  may  purchase,  repair,  construct,  and  hold  such  works  as  shall  he  deemed  neces- 
sary to  perfect  and  complete  said  navigation." 

The  same  act  provides:  **The  stockholders  of  the  Connecticut  River  Company,  their 
associates,  successors,  and  assigns,  are  herehy  incorporated  and  made  a  hody  politic, 
and  person  in  law,  by  the  name  of  The  Connecticut  River  Banking  Company,"  &c., 
giving  them  powers  necessarv  for  tlie  business  of  a  banking  company.  The  Connecti- 
cut River  Company  were  authorized  to  organize  the  Connecticut  River  Banking  Com- 
pany when  they  had  actually  expended  the  sum  of  $200,000,  and  obtained  the  certifi- 
cate of  the  commissioners  to  that  effect. 

In  May,  1828,  an  alteration  of  the  charter  was  paased,  authorizing  the  formation  of 
the  Connecticut  River  Banking  Company  when  |100,000  had  been  expended,  and  pro- 
viding that  the  powers  of  the  said  banking  company  shall  cease  unless  a  good  and 
navigable  canal  and  locks  by  Enfield  Falls  shall  be  completed  by  the  Connecticut  River 
Company  within  two  years  from  the  rising  of  the  assembly. 

In  May,  1829,  a  resolve  of  the  assembly  authorized  the*  Connecticut  River  Banking 
Company  to  subscribe  to  the  stock  of  the  Connecticut  River  Company  to  the  amount 
of  160,000,  and  also  extended  the  time  for  the  completion  of  the  locks  and  canal  around 
Enfield  Falls  to  two  years  from  the  rising  of  that  assembly. 

In  May,  1825,  the  general  assembly  of  the  State  of  Vermont  passed  an  act,  to  take 
effect  when  assented  to  and  confirmed  by  the  States  of  Massachusetts,  Connecticut,  and 
New  Hampshire,  incorporating,  under  certain  restrictions.  The  Connecticut  River  Com- 

Eany,  giving  them  various  powers;  among  others  to  purchase  land^  and  to  enter  into, 
old,  use,  and  possess  so  much  of  the  baiiks  and  waters  of  said  nver,  and  the  lands 
adjacent  thereto,  as  shall  be  necessary  for  effecting  in  the  best  manner  the  objects  of 
this  act,  and  may  dig,  cleanse,  and  remove  obstructions  from  the  banks,  channel's,  bars, 
and  rapids  of  said  river;  may  construct  dams,  canals,  locks,  towing-paths,  and  rail- 
waysj  where  it  shall  be  deemed  expedient,  and  other  works  beneficial  to  navigation. 

This  act  also  gave  the  company  power  to  purchase  the  franchises  of  other  corpora- 
tions for  the  improvement  of  the  navigation  of  the  Connecticut  River,  when  the  pro- 
prietors of  one-half  the  stock  should  agree  to  sell. 

It  was  also  enacted  that,  as  soon  as  said  company  shall  have  constnicted  suitable 
and  convenient  locks  and  canals,  so  as  to  permit  the  passage  of  boats  of  66  feet  long 
and  16  feet  broad,  at  or  near  the  following  places,  viz:  By  Enfield  Falls,  in  the  State 
of  Connecticut;  near  the  north  part  of  Hatfield  or  Hadley,  in  the  State  of  Massachu- 
setts; at  School  Meadow  Bar,  in  the  States  of  New  Hampshire  or  Vermont,  viz,  near 
Cooper's  Rocks^  in  Hinsdale  or  Vernon;  in  Hinsdale  or  Brattleborough,  near  the  bridge 
across  Connecticut  River;  in  Westmoreland  or  Putney,  near  Clay's  Island;  in  Charles- 
town  or  Springfield,  near  GilFs  Island;  in  Cornish  or  Windsor,  near  Chase's  Island;  in 
Oxford  or  Fainoe,  near  Flag  Island;  in  Haverhill  or  Newbury,  near  Johnson's  Rocks ; 
and  also  near  the  month  of  Wells  River,  in  Bath  or  Rye^ate,  near  Dodge's  Falls ;  and 
whenever  the  said  company  shall  have  acauired  the  right  to  the  locks,  canals,  and 
works  for  improving  the  navigation  of  South  Hadley  Falls  and  Miller's  Falls,  both  in 
the  State  of  Massachusetts;  at  Bellows  Falls,  in  New  Hampshire  and  Vermont;  at 
Water  Queechy  Falls  and  at  White  River  Falls,  they  may  demand  and  receive  tolls 
not  to  exceed  a  list  given.  The  rates  for  Enfield  Falls  were  50  cents  per  ton  for  each 
ascending  boat,  and  $2  for  each  descending  boat.  The  company  were  required  by  this 
act  to  maintain  a  depth  of  at  least  3  feet  in  the  canals  and  in  the  river  below  to  the 
next  canal,  and  below  the  Enfield  Falls  Canal  to  the  city  of  Hartford;  "and  if  the 
said  depth  shall  not  continue  without  interruption  between  Enfield  Falls  and  the  city 
of  Hartford,  the  commissioners  may  reduce  or  prohibit  the  taking  of  tolls."  This  act 
was  confirmed  by  the  State  of  Connecticut,  November  9,  1825,  with  the  limitation, 
among  others,  that  nothing  in  it  should  authorize  the  company  to  erect  or  construct 
any  works  wliich  should  in  any  way  obstruct  or  impede  the  free  navigation  of  the  Con- 
necticut River. 

At  the  present  time  the  amount  of  the  capital  stock  of  the  Connecticut  River  Com- 
panv  is  $203,500,  and  its  present  value  is  about  50  cents  on  a  dollar,  or  $101,750. 

The  tolls  now  collected  are  15  cents  per  ton  for  ascending  boats,  and  ^2,  empty,  for 
descending  boats;  amounting  to  about  $1,200  a  year.  The  amount  received  by  the 
company  for  water-rents  is  about  |15,000  a  year. 

THE  RIVER  BELOW  THE  RAPIDS. 

In  order  to  properly  consider  the  nature  of  the  improvement  required,  it  is  necessary 
to  know  the  ciiaracter  of  the  river  and  the  facilities  for  navigation  above  and  below 
the  rapidM  at  the  present  time. 

From  the  mouth  of  the  river  to  Hartford,  a  distance  of  49  miles,  the  channel  is 
navigable  for  boats  of  8  feet  draught  at  the  lowest  stages  of  the  water.  This  is  about 
2  feet  more  than  the  river  in  its  natural  state  at  all  times  x>«rmits.  The  channel  has 
been  materially  deepened  and  widened  by  the  dredging  dtme  by  the  United  States 
Government  daring  the  gast  two  seasons. 
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The  navigation,  as  far  np  as  Hartford,  is  favored  by  the  tides,  which  average  abont 
10  inches  in  height  at  that  place.  This  rise  of  tides  is  in  addition  to  the  deptns  given 
above,  so  that  iKiats  drawing  ftx)m  7^  to  8  feet  have  been  for  many  years  used  upon 
this  part  of  the  river.  The  tides  at  Hartford,  however,  are  not  regular,  varj-ing  from 
nothing  to  abont  18  inches.  Between  Hartford  and  the  foot  of  the  rapids,  a  distance 
of  about  11  miles,  the  channel  is  now  in  a  bad  condition,  owing  to  bars,  upon  which 
there  is  only  from  1^  to  2  feet  in  the  deepest  part  at  the  lowest  water.  The  channel 
is  also  in  many  places  narrow  and  crooked.  Works  are  now  in  progress  by  the  United 
States  Government  which,  it  is  hoped,  will  deepen  the  water  on  the  bars  to  3^  or  4 
feet  at  low-water. 

Owing  to  the  increased  slope  of  the  river-bed,  the  tides  rapidly  diminish  above  Hart- 
ford; ordinarily,  they  are  not  noticeable  at  Scantic,  7^  miles  above  Hartford;  but  an 
exceedingly  hign  tide,  at  a  low  stage  of  the  river,  is  sometimes  sensible  as  far  up  aa 
the  foot  of  the  rapids. 

There  are  two  bridges  below  the  rapids,  at  Hartford.  One  is  the  bridge  of  the  Hart- 
ford, Providence  and  Fishkill  Railroad,  where  it  crosses  the  Connecticut ;  a  wooden 
Howe  tniss,  upon  cut-stone  piers,  in  a  good  state  of  rei)air.  The  other  is  the  highway 
bridge  from  Hartford  to  East  Hartford,  an  old,  dilapidated  affair,  in  which  the  subse- 
quent additions  barely  hold  up  the  original  structure.  Both  of  these  bridges  are  pro- 
vided with  draws;  that  in  the  railrot^  bridge  has  an  opening  of  47  feet,  and  that  in 
the  highway  bridge  an  opening  of  17  feet.* 

THE  RIVXR  ABOVE  THE  BAPIDS. 

Above  the  rapids  the  water  is  still  and  level,  and  good  navigation  to  the  village  of 
Holyoke.  There  is  one  bar  at  Long  Meadow  Flats,  upon  which  there  is  about  5  feet 
at  low-water. 

From  the  points  named  in  the  charter  of  the  Connecticut  River  Company  by  the 
State  of  Vermont,  it  will  be  observed  that  it  was  contemplated  to  preserve  a  naviga^ 
tion  of  a  minimum  depth  of  3  feet  as  far  up  as  Wells  River,  or  about  240  miles.  AU 
navigation,  however,  is  now  stopped  above  Holyoke.  There  was  formerly  a  canal  ou 
the  east  side  of  the  river  at  this  place,  extending  around  South  Hadley  Falk^  but  it  ia 
now  entirely  given  up,  and  used  only  as  a  tail-race  for  the  mills  at  its  side. 

The  Holyoke  Water  Power  Company,  who  built  the  present  dam,  have  contemplated 
a  new  canal  on  the  west  side^  in  connection  with  their  water-power,  by  which  to  pass 
boats  around  the  falls.  Their  dam  and  canals  are  excellent,  but  the  lock  which  tney 
have  put  in  to  descend  to  the  finit  level  is  much  too  small,  being  bnt  16  by  80  feet. 
At  this  place  the  whole  fall  is  58  feet.  The  first  level  is  20  feet  below  the  dam ;  the 
next  level  12  feet  lower,  leaving  26  feet  to  the  stiU  water  below  the  falls.  There  is 
nothing  to  prevent  a  good  canal  being  made  at  this  place,  as  the  lock  already  built 
can  be  enlarged  without  materially  interfering  with  the  water-power,  and  communi- 
cation can  be  easily  made  from  the  canals  to  the  river  below  the  falls. 

Between  the  head  of  the  Enfield  Rapids  and  Holyoke  there  is  nothing  less  than  5 
feet  depth  of  water  in  the  channel. 

There  are  four  bridges  on  this  part  of  the  river— two  at  Springfield  and  two  above, 
none  of  which  are  provided  witn  draws.  They  are,  however,  of  such  a  height  as  to 
allow  small  steamboats  to  pass  under  them. 

The  canal  at  South  Hadley  Falls  (Holyoke),  and  the  one  at  Montague,  above,  were 
first  chartered  February  23,  1792.  The  dimensions  of  the  locks  were  to  have  been  20  by 
60  feet,  but  they  were  afterward  permitted  to  bo  built  16  by  40  feet  by  an  act  of  June 
21, 1793.  The  charters  of  the  two  canals  were  separated  February  27, 1794.  The  South 
Hadley  Canal  was  first  finished :  it  was  2^  miles  long,  much  of  it  through  solid  rock. 
At  firat  the  boats  were  hauled  up  an  inclined  plane  by  large  water-wheels, 
but  the  bed  of  the  canal  was  afterwani  deepened  and  locks  were  us^.  The  lowering 
of  the  bed  of  the  canal  was  completed  at  the  commencement  of  the  year  1805. 

The  canal  at  Montague  was  commenced  in  1794,  and  completed  four  years  afterward, 
in  1798.  It  was  3  miles  in  length,  and  reached  from  above  I'umer's  Falls  to  the  still 
water  below.  This  canal  was  used  for  the  transportation  of  merchan^se  for  about 
fift.y  years,  until  the  Connecticut  River  Railroad  was  finished,  in  1848,  when,  from  the 
railroad  competition  and  its  insufficient  size,  it  was  abandoned.  It  can  now  scarcely 
be  traced,  having  been  nearly  obliterated  by  more  modem  improvements. 

A  new  dam  has  been  built  by  the  Turners  Falls  Company,  and  no  provision  made 
for  water  transportation. 

•  There  are  at  present  two  bridges  below  Hartford,  one  where  the  New  Haven,  Mid- 
dletown  and  Willimantic  Railroad  crosses  the  river  at  Middletown,  and  the  other  where 
the  Shore  Line  Railroad  crosses  at  Lyme.  The  first  named  is  an  iron  bridge  with  a 
double  swing-draw  of  ample  width,  and  the  second  is  a  wooden  truas-bridge  with  an 
iron  swing-c&aw  of  abont  the  same  opening  as  that  at  Middletown. 
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THE  AMOUXr  OF  BUSINESS  ON  THE  RIVER. 

With  regard  to  the  amonnt  of  business  on  the  river,  no  general  estimate  has  been 
made  of  the  total  amount  of  freight  and  tonnage  since  1867,  when  one  was  compiled, 
chiefly  from  the  evidence  given  before  a  committee  of  the  legislature  upon  tlie  (jues- 
tion  of  bridging  the  Connecticut  River  below  Hartfonl.    As  this  is  quite  reliable,  it  is 

?:ivea  as  the  best  means  of  computing  the  present  amount  of  transportation.     In  1866 
he  amount  of  freight  upon  the  river  was  as  follows: 

Tons. 

Steamboats  to  and  from  Hartford 74,600 

Freights  to  Hartford  by  propellers,  &c 201,600 

Down  freight  by  the  same 16,000 

Total  Hartford  freight 292,200 

Freight  between  Hartford  and  Middletown 24,000 

Freight  from  Portland 220,000 

Freight  at  places  below  Middletown 79,512 

Total 615,712 

In  1866  it  was  569,000  tons.  Allowing  40,000  per  year  increase,  we  should  have  for 
the  year  1871  nearly  816,000  tons  of  fit»ight  passing  on  the  river. 

The  amonnt  receive<l  for  freight  in  1866  was  $1,'^0,0<X).  At  the  same  rate  of  increase 
as  for  freight  above  stated  in  1871,  it  would  be  about  |1,800,000. 

In  1866  the  number  of  passengers  to  aild  from  New  York  by  steamboat  was  ...      26, 211 

Way  passengers  on  the  river 27,208 

By  Sag  Harbor  steamboats : 10,000 

63,419 

The  total  amonnt  received  from  passengers  by  the  steamboat  company  was. . .  f  125, 550 
By  Sag  Harbor  boat,  about 8,000 

Total 1133,550 

The  number  of  trips  to  and  from  New  York  and  Hartford  by  the  steamboat 

company's  boats  was 1,117 

By  the  Sag  Harbor  boats 208 

By  sailing-vessels  and  prox)ellers 1,836 

Total  number  of  trips 3,161 

During  the  past  season  there  have  been  upon  the  river  Ave  large  steamboats,  form- 
ing two  daily  lines  to  New  York,  and  three  smaller  ones;  one  making  daily  trips  to 
New  London  and  Sag  Harbor,  and  another  making  two  tri^s  a  day  on  the  river  be- 
tween Hartford  and  Essex.  There  is,  also,  a  line  of  propellers  running  to  Albany,  and 
one  to  Philadelphia. 

The  river  reuiains  open  for  navigation  an  average  of  nine  and  a  quai'ter  months  in 
each  year.  It  closes  about  the  8th  of  December,  and  opens  about  the  1st  of  March. 
For  sailing-vessels  the  time  is  about  eight  and  a  half  months. 

With  regard  to  the  business  above  Hartford  no  definite  estimate  can  be  made  of 
what  would  probably  pass  by  water  communication  instead  of  by  railroad,  if  the  river 
were  navigable  to  Holyoke  by  the  proposed  improvements. 

From  the  size  and  population  of  Springfield,  Chicopee,  and  Holyoke,  with  the  great 
water-power  and  prospective  growth  of  the  latter,  it  is  but  fair  to  presume  that  the 
water  transportation  above  Hartford  would  be  considerable,  and  that  all  heavy  freight, 
sneh  as  iron,  coal,  stone,  bricks,  lumber,  &c.,  would  be  carried  by  water  direct,  instead 
of  l)eing  transhipped  by  railroad  to  the  points  named.  The  actual  amount  of  tne  above 
materials  used  hjia  not  been  ascertained. 

AMOUNT  OP  BEVENUB  IN  THE  DISTRICT. 

The  amonnt  of  revenue  collected  at  the  Middletown  custom-house  during  the  year 
ending  June  30,  1871,  was  $13,664.79.  On  June  30,  1871,  there  were  registered  in  the 
district  1.50  vessels,  with  an  agjjregate  tonnage  of  18,458.37  tons.  During  the  year 
there  were  built  and  employed  in  the  district  14  vessels,  with  a  tonnage  of  1,964.55 
tons. 

IMPROVEMENTS  OF  THE  RAPIDS. 

In  arranging  plans  for  improvement  of  the  Enfield  Ranids,  the  question  arises  whether 
any  plan  snoiud  be  considered  which  would  entirely  close  the  navigation  through  the 

Digitized  by  VjOOQIC 


278         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

ordinary  channel  of  the  river.  The  charter  of  the  Connecticut  River  Company,  and 
the  condirrence  by  the  Connecticut  legislature  in  the  act  i)a88ed  by  the  Stat«  oif  Ver- 
mont in  1825,  incorporating  the  Connecticut  River  Company,  expressly  state  that  noth- 
ing shall  be  construed  to  empower  said  company  to  build  a  dam  at  Enfield  Falls  in  such 
a  manner  as  shall  prevent  the  convenient  passage  of  boats  and  lumber  down  the  river 
or  obstruct  the  ]^assage  of  fish. 

Notwithstanding  these  provisions,  the  Connecticut  River  Company  have  constructed 
a  dam  across  the  river  at  the  head  of  the  falls^  which  is  at  present  impassable  for  any 
purpose  of  navigation.  The  opening  of  150  feet  oripnally  left  in  the  dam  has  been 
gradually  filled  in  by  the  company,  until  now  there  is  an  effectual  bar  to  navigation^ 
unless  itbe  in  very  high  water,  when  boats  might  descend. 

The  channel  of  the  river  is  now  of  so  little  use  that  there  seems  to  be  little  or  no 
objection  to  constructing  dams  so  as  to  whoUj^  cut  off  the  outside  navigation  in  the 
natural  channel,  if  the  improvement  proposed  should  furnish  adequate  facilities  for 
the  passage  of  anything  that  might  have  oc<;asion  to  pass  the  dam.  In  the  plans  of 
Improvement  pro])osed,  therefore,  entire  dams  across  the  river  will  be  considered. 

With  regarcl  to  the  interference  of  the  franchise  of  the  Connecticut  River  Company 
with  any  plan  of  improvement,  it  is  assumed  that,  unless  their  property  is  actually 
taken  or  their  water-power  interfered  with,  no  damage  will  be  done  to  them  by  with- 
drawing the  navigation  fix)m  their  canal,  nor  is  it  supposed  they  would  expect  or  de- 
mand any  compensation.  The  canal  at  present  is  totally  inadequate  to  pass  such  boats 
as  would  undoubtedly  be  used  if  they  could  get  up  the  river,  and  the  water  transpor- 
tation has  consequently  diminished  to  such  an  extent  through  their  small  locks  that 
the  company  will  probably  prefer  to  give  it  up  altogether,  and  use  their  canal  entirely 
for  manufacturing  purposes,  if  the  government  should  otherwise  improve  the  naviga- 
tion over  the  rapids. 

THE  DIFFERENT  PLAX8  PROPOSED. 

The  plans  which  will  be  considered  for  improving  navigation  over  these  rapids  are 

First.  A  canal  on  the  west  side  of  the  river,  extending  from  the  present  dam  at  the 
head  of  the  rapids,  parallel  to  the  old  canal,  down  to  a  point  just  aoove  the  village  of 
Windsor  Locks,  and  a  channel  to  the  deep  water  below,  formed  by  excavatin  the 
bed  of  the  river. 

Second.  A  canal  on  the  east  side  of  the  river  fix)m  the  dam  above  to  the  deep  water 
below  the  rapids. 

Third.  Damming  the  river  at  the  island,  or  a  little  below  it,  and  continuing  with  a 
canal  below  upon  the  east  side  of  the  river. 

Fourth.  Damming  the  river  at  a  point  near  Enfield  bridge,  and  locking  to  the  river 
below,  damming  it  again  just  below  the  railroad  bridge,  near  Windsor  Locks,  and 
continuing  with  the  canal  to  the  foot  of  the  rapids. 

Fifth.  Improving  the  old  canal  so  as  to  be  navigable  for  boats  of  increased  size. 

THE  FIRST  PLAN. 

In  the  first  plan  it  is  proposed  to  make  a  canal  150  feet  wide,  parallel  to  and  just 
outside  the  old  canal,  excei)t  opposite  the  island,  where  it  widens  out  into  a  basin,  with 
locks  200  feet  long  between  the  quoins  and  50  feet  wide.  At  the  head  of  the  canal  a 
guard-lock  wonld  be  required  of  the  above  dimensions  and  12  feet  lift ;  also  a  bulk- 
head of  masonry,  with  gates  for  regulating  the  supply  of  water  to  the  canal. 

An  embankment  of  10  feet  width  on  the  top  and  slopes  of  1^  horizontal  to  1  vertical 
will  be  required  from  the  guard-lock  at  the  head  of  the  canal  down  to  the  upper  end 
of  the  island.  The  top  of  this  is  intended  to  be  at  a  level  of  2  feet  above  the  freshet 
of  1854,  which  is  the  highest  known.  This  embankment  is  to  have  a  riprap  of  rock  2 
feet  in  thickness  ui)on  its  outer  slope,  and  1^  feet  in  thickness  upon  the  top  and  inside 
slope.  The  width  of  the  canal  is  limited  in  this  part  of  the  river  to  150  feet,  so  as  not 
to  encroach  too  much  upon  the  bed  of  the  stream,  and  thereby  materially  diminish  the 
water-way,  which  is  already  somewhat  contracted. 

West  of  the  island  the  wliole  of  that  branch  of  the  river  is  taken  into  the  canal,  the 
island  forming  the  embankment  for  about  one  mile  in  length,  and  inclosing  a  basin  of 
about  600  feet  in  width.  At  the  foot  of  this  basin,  near  section  25,  shown  on  Ihe  ac- 
companying map,  would  be  the  first  lock,  having  an  11-foot  lift. 

Opposite  the  island  a  small  stream,  called  Stony  Brook,  enters  the  river,  passing 
under  the  old  canal.  Upon  this  stream,  about  1,000  feet  from  the  river,  is  a  water- 
power  of  28  feet  fall,  having  the  toj^  of  the  dam  10.5  feet  above  the  proposed  level  of 
the  canal-basin.  The  water  would  have  to  be  turned  into  the  canal,  as  there  seems  to 
be  no  economical  manner  of  disposing  of  it  otherwise.  The  water-power  would  be 
damaged  by  reducing  the  fall  to  16.5  feet.  The  volume  of  water  discharged  by  this 
stream  during  the  greatest  freshet  is  about  4,000  cnbic  feet  per  second,  but  only  for  a 
very  short  i>erio<l  of  time.  At  ordlnarj'  stages  the  discharge  is,  i)erhai>8,  not  over  100 
cubic  feet  i)er  second. 
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Near  section  25  a  dam  will  cross  the  westerly  channel  between  the  island  and  the 
old  tow-path.  At  the  west  end  of  this  dam  it  is  proposed  to  place  the  first  lock,  while 
the  rest  of  the  dam  will  serve  as  a  waste-way  to  dispose  of  tiie  sarplns  water  coming 
into  the  canal  from  Stony  Brook  durinj^  freshets.  The  width  of  this  weir  would  be 
about  230  feet,  and  it  is  believed,  from  inquiries  and  observation,  that  the  water  run- 
nine  into  the  reach  would  never  amount  to  more  than  1^  feet  in  depth  over  the  dam ; 
the  large  area  of  the  surface  of  the  reach  equalizing  the  sudden  rush  of  water  from 
heavy  showers. 

The  next  lock  wonld  be  about  a  mile  below,  near  section  15  on  the  map ;  near  this 
lock  would  also  be  a  small  waste-weir.  This  lock  would  be  of  similar  size  and  con- 
struction to  the  one  above,  and  of  the  same  lift;. 

The  third  and  last  lock  would  be  situated  just  above  the  manufacturing  establish- 
ments on  the  old  canal-bank  in  the  village  of  Windsor  Locks,  near  the  present  waste- 
weir  of  the  old  canal.    It  would  be  like  the  others,  and  of  the  same  lift  of  11  feet. 

The  embankment  £rom  the  island  down  to  this  lock  it  is  proposed  in  the  estimate 
to  make  of  the  same  height  as  the  one  above,  or  2  feet  above  the  highest  water.  This 
embankment  between  tne  last  two  locks  might,  however,  be  dropped  down  to  a  lower 
level  to  lessen  the  cost,  but  it  would  not  give  so  plain  an  entrance  into  the  canal  when 
the  lower  lock  was  flooded. 

Below  the  last  lock  it  is  proposed  to  excavate  a  channel  in  the  bed  of  the  river  for 
about  4,500  feet  in  length  and  150  feet  wide,  to  a  depth  of  5  feet  at  extreme  low-water, 
or  abont  6^  feet  at  an  ordinary  low  stage  of  the  river.  This  channel  will  lie  in  such  a 
direction  that  it  can  be  easily  followed. 

The  rock  excavated  can  be  nsed  partly  for  the  embankment  above  and  partly  thrown 
out  on  the  side  toward  the  river,  to  check  the  lateral  flow  of  water  into  the  channel, 
so  that  the  surface  of  the  water  within  it  will  have  a  less  slope  than  the  surface  of  the 
river.  At  low-water  the  alojie  of  this  part  of  the  river  is  2  feet  to  the  mile,  which  di- 
minishes as  the  height  increases,  so  that,  at  6  feet  of  water,  the  slope  ia  1  foot  to  the 
mile,  and  at  hi^h  freshets  it  is  practically  level. 

In  this  canal  it  is  proposed  to  make  the  depth  on  the  miter-sills  of  the  locks  6  feet. 
In  the  bed  of  the  canal  there  will  be  no  dept-h  less  than  8  feet. 

A  tow-path  must  be  excavated  on  the  west  side  of  the  island,  along  the  side  of  the 
basin,  aa  it  is  considered  desirable  to  have  a  continuous  tow-path  on  the  embankment 
side  of  the  canaL    It  is  included  in  the  estimate  for  this  plan. 

In  the  two  lower  reaches  there  will  be  some  excavation  required  to  get  a  depth  of  8 
feet  in  the  bed  of  the  canal,  but  the  amount  is  small,  and  will  be  more  than  required 
in  the  embankment,  which  is  in  excess.  The  cost  oi  making  the  canal  8  feet  deep  is 
no  greater  tllan  for  a  less  depth.  This  canal  would  pass  under  Enfield  bridge,  leaving 
19  feet  above  the  surface,  and  under  the  railroad-bridge,  leaving  about  29  feet. 

There  are  no  draws  in  these  bridges,  but  the  railroad-bridge  has  what  is  called  a 
"  draw-apan,"  under  which  the  canal  would  pass.  The  charter  of  the  company  obliges 
them  to  nave  a  draw,  but  the  navigation  of  the  river  outside  the  old  canal  hj|s  never 
compelled  them  to  comply  with  it.  If  the  new  canal  should  be  constructed,  they 
would  probably  put  a  draw  at  this  place.  A  road-bridge  will  be  required  at  the  lower 
end,  over  the  canal,  and  a  bridge  over  the  top  of  the  waste-dam  at  the  upjier  lock. 
The  length  of  this  improvement  would  be  4.85  miles. 

THE  SECOND  PLAN. 

The  second  plan,  of  a  canal  on  the  east  side  of  the  river,  wonld  lose  the  advantage  of 
about  one  mile  of  embankment,  which  is  formed  by  the  island  in  the  proposed  canal 
on  the  west  side,  but  it  could  be  continued  lower  down  the  river  entirely  to  the  foot  of 
the  rapidjs  without  interfering  with  the  use  of  the  old  canal  for  manufacturing  pur- 
poses, and  thus  dispense  with  the  large  amount  of  excavation  in  the  bed  of  the  river. 
Even  if  turned  into  the  river  as  high  up  as  would  be  required  on  the  west  side,  it  pre- 
sents an  advantage,  as  the  natural  channel  of  the  river  is  upQn  the  east  side,  and  might 
be  used  w^ithout  any  excavation,  but  it^is  considered  too  shallow  and  intricate  for  good 
navigaticn.  In  this  plan  the  guard-lock  and  bulkhead,  with  entrance-gates  for  the 
water,  w^ould  be  the  same  as  by  the  first  plan.  From  the  head  of  the  canal  the  embank- 
ment would  be  mostly  in  the  river  down  to  section  40 ;  the  canal  would  then  pass  out 
of  the  bed  of  the  river,  and  cut  into  the  bank  down  to  section  31.  It  then  again  runs 
in  the  river  to  section  25,  after  which  it  cuts  into  the  bank,  passing  under  the  railroad 
just  east  of  the  present  bridge,  and  continuing  back  of  tne  river-bank  to  section  4, 
where  it  enters  the  channel.  There  will  be  some  rock-cutting  to  form  a  channel  above 
and  lielow  Enfield  Dam,  and  also  below  the  canal  near  section  4. 

There  will  be  three  lift-locks  of  the  same  dimensions  as  before  named,  viz,  50  by  200 
feet,  below  the  railroad-bridge ;  the  first  near  section  20,  the  second  near  section  7, 
and  the  third  near  section  4  at  the  end  of  the  canal. 

This  canal  ia  of  the  same  width  proposed  for  the  other,  viz,  150  feet.    The  two  lower 
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locks  would  be  flooded  at  high  water,  but  a  flood  that  would  cover  more  than  the  first 
is  extremely  rare. 

The  reason  for  cutting  into  the  bank  and  passing  under  the  railroad,  instead  of  fol- 
lowing around  the  riyer-bank,  is  that  for  some  distance  above  the  brid^  the  bank  is 
very  much  exposed  to  floating  ice,  which  often  piles  up  to  a  great  thickness  at  this 
place,  so  that  an  embankment  outside  would  be  liable  to  destruction  from  this  cause. 

Below  the  bridge,  through  the  village  of  Warehouse  Point,  the  canal  is  kept  back 
from  the  river  to  such  a  distance  that  the  level  of  the  water  in  it  will  not  overflow 
and  cover  ground  behind  it,  nor  require  any  material  quantity  of  embankment  on  the 
inside. 

By  dropping  to  the  lower  reach  sooner  the  canal  can  be  run  along  shore ;  but  unless 
the  embanxment  be  carried  above  high  water,  the  lower  part  of  tne  canal  would  be 
occasionally  overflowed  and  the  entrances  blind  through  the  drowned  portion. 

This  canal  will  require  three  waste-weirs  near  sections  5,  6,  and  16. 

The  surface  of  the  water  in  the  canal  will  be  19  feet  under  Enfield  Bridge,  and  23 
feet  under  the  level  of  the  track  where  it  crosses  the  railroad. 

A  road  in  the  village  of  Warehouse  Point  will  have  to  be  moved  or  closed,  and  some 
houses  in  the  village  will  also  require  removal. 

There  will  be  required  at  least  two  brides  over  the  canal  at  Warehouse  Point :  one, 
a  road-bridge,  at  the  cross-street  upon  which  the  hotel  is  situated,  and  one  (perhaps  a 
foot-bridge)  on  the  cross-street  below.  A  small  stream  near  section  19  will  be  carried 
under  the  canal  by  a  culvert.  Another  small  brook  at  section  36  will  be  turned  into 
the  canal.    All  other  surface-drainage  will  be  carried  into  the  canal. 

Below  the  lower  lock  there  will  be  some  excavation  required  in  the  bed  of  the  river 
to  get  a  clear  depth  of  6  feet.  This  is  provided  for  in  the  estimate.  The  length  of 
tins  canal  would  be  4.83  miles. 

THE  THIRD  PLAN. 

The  third  plan  of  damming  the  river  at  the  island,  and  constructing  a  canal  on  the 
east  side  to  below  the  rapids,  requires  one  dam  of  1,150  feet  in  length  and  17  feet  high 
on  the  east  side  of  the  island,  near  section  No.  26,  as  shown  on  the  map,  and  another 
at  the  head  of  the  island  crossing  the  west  branch  diagonally  from  the  end  of  the 
island  to  the  opposite  shore  above,  of  about  600  feet  in  length  and  13  feet  high.  Both 
of  these  dams  are  of  the  same  height  as  the  Enfield  Dam.  This  height  would  bring  the 
top  of  the  dam  at  the  head  of  the  island  within  1  foot  of  the  top  of  the  tow-path  of  the 
old  canal.  As  the  proposed  dam  would  have  about  10  feet  of  water  flowing  over  it  in 
the  highest  freshets,  the  bank  of  the  old  canal  must  be  at  least  12  feet  abgve,  or  11  feet 
higher  than  it  is  now  at  this  place.  This  height  would  have  to  be  continued  up  the 
river,  aloug  the  continually  rising  slope  of  the  tow-path  to  the  upper  end  of  the  old 
canal,  a  distance  of  9,000  feet,  where  the  filling  would  be  about  i  root. 

As,  however,  the  usefulness  of  the  old  canal  for  purposes  of  navigation  would  cease 
upon  the  construction  of  more  extended  works  by  the  government,  it  will  be  better  to 
continue  the  dam  directly  across  the  old  canal  and  arrange  gates  to  admit  and  regu- 
late the  proper  quantity  of  water  needed  for  manufacturing  purposes.  This  will  be 
much  cheaper  than  the  long  and  heavy  embankment  required,  ana  would  be  free  from 
the  great  risk  of  leakage  and  rupture  during  freshets  that  would  be  incurred  with  the 
embankment.  The  old  canal  would  be  much  safer  than  it  is  now,  as  much  of  the  pres- 
ent tow-path  is  l)elow  the  highest  flood.  By  this  plan  the  under  side  of  the  bridge  at 
Enfield  would  come  quite  near  the  surface  at  high  water.  In  the  two  preceding  plans 
the  water  is  confined  to  the  canal,  and  does  not  rise  with  the  river.  Supposing  the 
water  to  run  over  the  dams  10  feet  deep,  it  would  leave  a  distance  of  only  9  feet  under 
the  bridge.  At  ordinary  high  water  very  few  boats,  if  any,  could  pass.  With  this 
plan,  therefore,  the  bridge,  would  have  to  be  raised  or  provided  with  a  draw. 

From  the  lower  dam,  at  section  26,  to  the  foot  of  the  rapids,  there  would  be  a  canal 
on  the  east  side  of  the  river,  the  same  as  in  the  second  plan. 

The  ffuard-lock  would  be  at  the  dam,  and  would  have  a  ten-feet  lift.  The  other  locks 
would  be  exactly  the  same  as  before  described. 

The  dams  are  estimated  to  be  made  of  12-inch  by  12-inch  chestnut  timber,  laid  up  in 
cob-work,  inclining  at  an  angle  of  2^  horizontal  to  1  perpendicular,  bolted  together 
with  iron  bolts,  and  filled  in  soUd  with  blocks  of  stone.  The  top  surface  is  a  complete 
layer  of  12-inch  timbers. 

As  these  dams  are  so  situated  that  the  dip  of  the  strata  of  the  underlying  rook  is  up- 
stream, they  will  not  be  endangered  by  any  excavation  the  water  may  make  below 
them.  They  consequently  will  not  need  any  apron  or  other  expensive  structure  below, 
such  as  has  been  recently  added  to  the  Holyoke  Dam. 

At  the  east  end  of  the  east  dam,  near  the  guard-lock,  there  would  be  entrance-gates 
for  the  water,  the  same  as  at  the  upper  end  of  the  canal  by  the  previous  plans.  The 
length  of  canal  required  by  this  plan  would  be  2.13  miles. 

In  place  of  the  two  dams  above  mentioned,  one  might  be  built  just  above  the  rail- 
road-bridge, near  section  22,  as  shown  on  the  map.    This  dam  would  be  about  1,300 
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feet  long  and  23  in  height.  Like  the  one  at  the  head  of  the  island^  it  wonld  have  to 
cross  the  canal  also,  and  be  supplied  with  gates  to  let  the  water  into  the  old  canal. 
This  is  the  lowest  down  the  river  that  a  dam  of  the  level  of  the  Enfield  Dam  can  be 
bnilt.  It  cannot  be  placed  below  the  railroad-bridge,  on  account  of  the  height  of  the 
bottom  chord  of  the  channel-span,  which  is  only  4}  feet  above  the  required' height  of 
the  dam,  or  7^  feet  below  high  water. 

The  bottom  chords  of  the  twelve  river-spans  of  SS^  feet  wonld  also  be  3  feet  under 
wat«r  in  the  highest  freshets. 

A  dam  as  proposed,  between  the  railroad-bridge  and  the- island,  would  set  the  water 
back  in  Stony  Brook  so  as  to  damage  the  mill  privilege,  as  mentioned  in  the  first  plan, 
diminishing  the  fall  from  2S  feet  to  16.5  feet.  The  length  of  canal  required  by  this 
plan  would  be  1.64  miles. 

The  estimates  for  the  third  plan  are  marked  a  and  b  for  the  two  modifications  above 
described. 

THE  FOURTH  PLAN. 

The  fourth  plan  proposed  requires  two  dams  at  different  levels.  The  upper  one  is 
placed  Just  above  Enfield  bridge,  near  section  46,  so  that  the  lower  level  reaching 
under  the  bridge  would  give  a  greater  headway  than  in  the  previous  plan.  The  top  of 
this  dam  would  be  of  the  same  level  as  low  water  above  the  rapids. 

The  next  dam  is  placed  at  11  feet  lower  level,  just  below  the  railroad-bridge,  near 
section  21.  This  is  done  with  a  view  to  passing  under  the  bridge  already  built,  instead 
of  making  a  new  one  east  of  it.  If  the  dam  is  placed  above  the  bridge,  the  masonry  of 
the  locks  would  contract  the  water-way,  and  be  too  much  exposed  to  damage  from  ice, 
unless  moved  back  so  that  the  canal  would  pass  east  of  the  bridge,  as  in  the  before- 
proposed  plans. 

Toe  average  height  of  the  upper  dam  would  be  about  10^  feet,  and  the  lower  one 
about  13  feet. 

The  upper  dam  would  be  about  950  feet  in  length,  and  the  lower  one  1,200. 

At  the  upper  dam  there  would  be  a  guard-lock  of  15  feet  lift,  and  a  lift-lock  of  11 
feet.    These  are  best  placed  at  the  west  end  of  the  dam. 

At  the  lower  dam  there  would  also  be  a  guard-lock  of  12^  feet  lift,  and  a  bulkhead 
with  gates  leadinp^  into  the  canal. 

The  canal  in  this  plan  passes  along  the  bank  of  the  river  from  the  lower  dam  down 
to  near  section  4j  as  shown  on  the  map,  150  feet  wide,  as  in  the  other  plans. 

Tlirough  the  village  of  Warehouse  Point  it  would  run  in  the  river  Just  outside  of  the 
river-road,  and  the  water  would  be  nearly  up  to  the  level  of  the  road. 

The  embankment  would  be  of  the  same  character  as  heretofore  described,  and  carried 
np  2  feet  above  high  water. 

There  would  be  two  lift-locks  of  11  feet  each  between  sections  6  and  4  at  the  lower 
end  of  the  canal. 

All  the  locks  are  of  the  same  length  and  width  as  before  described,  but  by  this  plan 
one  more  lock  is  required,  viz,  the  guard-lock  at  the  lower  dam. 

Two  waste-weirs  are  ueedM  just  above  the  two  lower  locks,  and  a  foot-bridge  across 
the  canal  from  the  shore  to  the  embankment. 

This  plan  gives  a  height  of  30  feet  under  Enfield  bridge  at  low  water,  or  17^  feet  at 
high  water,  and  under  the  railroad-bridge  a  height  of  28|  feet  at  the  draw-span,  and 
20  feet  under  the  twelve  river-spans  at  low  water,  or  16^  and  7i  feet  respectively  at 
hi^h  water.  There  is  a  narrow  span  of  25  feet  at  the  east  end  of  the  bndge,  which 
might  be  available  at  high  water,  under  which  there  wotdd  be  18^  feet  at  the  highest 
stages. 

This  plan  would  require  the  raising  of  the  bank  of  the  old  canal,  on  account  of  the 
higher  level  to  which  the  freshet-line  would  be  raised.  From  the  upper  dam  to  the 
head  of  the  old  canal  there  would  be  about  3,500  feet  including  the  guard-lock,  which 
would  be  overflowed,  and  would  have  to  be  raised  an  average  of  5  feet,  and  between 
the  two  dams  there  would  be  about  10,000  feet  requiring  to  be  raised  an  average  of  2 
feet. 

The  npper  dam  can,  however,  be  carried  across  the  canal,  and  provided  with  gates, 
as  described  for  the  third  plan,  so  as  not  to  reouire  any  alteration  of  the  canal  above 
the  dam.    This  is  the  method  provided  for  in  tne  estimates. 

The  pond  of  the  lower  dam  at  the  lowest  water  will  cause  back-water  to  the  extent 
of  about  .5  of  a  foot  at  the  lower  water  privilege  on  Stony  Brook. 

Some  excavation  will  be  required  in  the  bed  of  the  stream  below  the  locks  at  the 
upper  dam. 

Below  the  canal  there  wonld  also  be  required  some  rock  .excavation  in  the  bed  of 
the  river,  to  get  a  clear  depth  of  six  feet.    These  are  included  in  the  estimate. 

The  length  of  canal  required  by  this  plan  would  be  1.50  miles. 
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THE  FIFTH  FLAX. 

In  the  fifth  plan,  of  enlarging  the  old  canal,  it  is  proposed  to  widen  it  to  150  feet,  so 
as  to  give  the  same  facilities  to  navigation  as  the  other  plans,  by  excavating  upon  the 
west  side  of  the  canal,  and  putting  material  upon  the  present  tow-path,  which  is  now 
a  great  deal  too  low,  and  in  many  places  exceedingly  weak. 

At  Enfield  bridge,  and  at  the  railroad-bridee  crossing  the  canal,  it  is  proposed  to 
leave  the  abutments  as  they  are.  The  span  of  the  bridge  at  Enfield  is  124  feet,  one 
pier  being  on  the  tow-path  embankment.  The  span  of  the  railroad-bridge  is  140  feet, 
with  tl\e  pier  likewise  on  the  present  tow-path.  These  spans  will  allow  sufficient 
space,  although  not  so  wide  as  tne  rest  of  the  proposed  canal. 

The  aqueduct  where  the  canal  crosses  Stony  Brook  it  is  not  proposed  to  alter.  It  is 
79.2  feet  wide,  with  water  5  feet  deep,  and  is  in  pretty  gooa  repair.  It  would  not 
probably  be  necessarv  to  provide  a  new  structure  for  many  years. 

Below  the  railroad-bridge  the  track  would  have  to  be  moved  to  the  westward,  to 
accommodate  the  increased  width  of  the  canal,  as  shown  on  the  accompanying  map. 
Where  it  crosses  the  small  water-course,  just  above  the  village,  it  will  not  be  changed. 

Through  the  village  of  Windsor  Locks,  the  position  of  the  canal  is  contracted,  the 
width  beiug  much  less  than  in  other  parts.  On  the  east  side  it  is  limited  by  the  tow- 
path,  on  which  many  largo  manufactories  have  been  erected,  and  on  the  west  side  it  is 
crowded  by  the  track  of  the  New  Haven,  Hartford  and  Springfield  Railroad,  and  by 
the  main  street  of  the  village.  On  this  part  of  the  canal  it  is  proposed  to  widen  to 
the  required  distance  by  taking  property  on  the  opposite  side  of  the  street,  and  mov- 
ing over  both  the  street  and  the  railroad,  as  shown  by  the  blue  lines  on  the  map.  This 
will  take  all  the  buildings  on  the  street  between  Bumap^s  hall  and  Browning's  drug- 
store, requiring  them  to  be  taken  down  or  moved  back  to  the  new  line.  Below  this 
for  some  distance  the  houses  stand  back  from  the  street,  so  that  no  buildings  will  be 
disturbed ;  but  from  Elm  street  to  South  street  several  more  houses  will  require  re- 
moval.   These  are  shown  on  the  map. 

The  railroad  will  be  moved  so  as  to  run  parallel  to  the  canal  on  its  west  bank,  and 
the  new  highway  placed  beyond  it.  At  the  present  time  this  road  is  exceedingly 
unsafe,  being  for  some  distance  nearly  on  a  level  with  the  track,  and  close  to  it.  At 
one  point  the  whole  road  and  railroad  occupy  a  space  of  only  about  70  feet  from  the 
bank  of  the  canal.  With  regard  to  safety  and  the  general  appearance  of  the  street,  it 
is  believed  that  the  proposed  change  will  be  a  benefit. 

The  alterations  proposed  interfere  somewhat  ¥rith  the  railroad  in  giving  less  space 
for  buildings,  turn-outs,  &c.  It  will  also  oblige  the  company  to  move  tne  station- 
buildings  to  another  locality. 

It  will  also  cause  the  removal  of  the  store-house  of  the  Seymour  Paper  Company, 
near  the  railroad-buildings,  and  the  Dexter  Mill  farther  down  on  the  west  bank  of  the 
present  canal. 

The  bridges  estimated  for  in  this  plan  are  of  a  similar  character  to  those  now  used, 
which  are  but  little  elevated  above  the  surface  of  the  water,  and  are  swing  or  floating 
bridges,  used  when  boats  are  not  passing. 

The  stop-gates  which  have  been  recently  placed  in  the  canal,  just  below  Enfield 
bridge,  will  nave  to  be  removed. 

A  new  guard-lock,  of  the  dimensions  before  described,  is  to  be  constructed  at  the 
upper  end  of  the  canal.  At  the  lower  end  new  locks  of  the  same  dimensions  are  to  be 
built.  These  will,  on  account  of  their  size,  be  phiced  farther  apart  than  those  of  the 
present  canal.  It  is  proposed  to  locate  them  a  little  to  the  west  of  the  present  posi- 
tion, so  that  they  can  be  constructed  without  interrupting  navigation  through  the  old 
locks.  In  this  plan  the  franchise  of  the  Connecticut  River  Company  will  have  to  be 
purchased  by  the  government,  and  there  is  no  doubt  that  it  could  bo  obtained  at  a 
fair  valuation,  as  the  greater  part  of  the  stock  is  held  by  the  Connecticut  River  Bank- 
ing Company,  and  by  the  familv  of  the  president  of  the  canal  company.  It  could 
probably  be  bought  for  about  ^100  000. 

An  estimate  is  made  upon  this  plan  for  a  canal  of  150  feet  wide,  in  order  to  compare 
with  the  other  proposed  plans.  This  can  be  modified  to  save  expense,  even  to  narrow- 
ing down  to  the  present  width  of  the  canal.  In  this  case  the  cost  would  be  reduced 
to  the  expense  of  putting  in  the  new  locks  and  the  cost  of  purchasing  the  franchise  of 
the  old  canal  company.  This  might  be  all  that  would  be  required  for  some  years,  un- 
til the  increased  size  of  boats  passing  through  the  canal  should  necessitate  its  being 
widened. 

An  estimate  has  been  made  on  this  modification,  and  the  two  estimates  for  this  plan 
marked  a  and  h, 

NO  PLAN  FOR  IMPROVING  THE  NATURAL  CHANNEL. 

No  plans  or  estimates  are  presented  for  improving  the  natural  channel  of  the  river, 
by  excavation  or  otherwise,  because  such  a  work  would  not  meet  the  requirements  of 
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the  river  navigation,  and  would  probably  prove  more  expensive  than  those  proposed. 
It  will  be  seen  in  the  description  of  the  rapids  that,  at  a  low  stage  of  the  river,  the 
slope  over  part  of  the  channel  is  11.11  feet  per  mile  for  a  distance  of  4,800  feet,  and 
10.68  feet  per  mile  for  8,800  feet.  An  excavation  in  the  bed  of  the  river,  or  parallel 
embankments,  to  cany  all  the  water,  would  form  a  mere  chute,  impracticable  for 
ascending  or  descending  boats.  The  mean  velocity  of  the  current  would  l)e  about  5.2 
miles  per  hour,  and  a  channel  6  feet  deep  and  88  feet  wide  would  carry  all  the  water 
in  the  river  at  the  lowest  stages  when  running  with  this  velocity. 

ESTIMATES. 

The  following  estimates  are  made  for  a  canal  150  feet  wide  at  the  water-line, 
with  sloiies  of  1^  horizontal  to  1  vertical,  both  in  the  cuts  and  for  the  embankments. 
These  latter  are  supposed  to  be  of  earth  raised  in  layers,  so  as  to  be  water-tight  with- 
out a  separate  day  puddling  in  the  middle,  and  to  have  a  riprap  of  rock  upon  the 
outside  slope  of  2  feet  in  thicknesS;  and  on  the  inside  slope  and  top  of  1^  feet  in  thick- 
ness. 

llie  canals  are  all  estimated  as  7  feet  deep,  with  6  feet  of  water  on  the  miter-sills 
when  the  water  is  at  its  minimum  level. 

The  masonry  of  the  lock  is  supposed  to  be  coursed  rubble,  of  fi:eestone,  laid  in 
hydraulic  cement  and  grouted,  witn  the  gate-chambers,  quoins,  coping,  and  comers 
of  all  the  masonry  in  the  locks  of  cut  granite. 

The  masonry  for  the  railroad-bridge  abutments,  entrance-gates  at  the  heads  of  the 
canals,  waste-weirs,  and  the  abutments  of  the  proposed  dams  are  estimated  as  all  of 
coursed  freestone  rubble,  with  comers  and  coping  having  cut  beds  and  builds.  The 
other  bridge-abutments  are  estimated  of  uncoursed  rubble,  of  stone  in  the  vicinity, 
with  similar  cut  comers  and  coping. 

The  retaining-walls  are  estimated  as  uncoursed  rubble,  laid  in  cement  like  the  pre- 
ceding. 

The  lock-gates  are  supposed  to  be  of  ordinary  construction,  with  white-oak  timbers 
and  pine  sheathing,  and  to  be  opened  and  closed  by  capstans.  All  the  dams  are  sup- 
posed to  be  constructed  of  a  cob-work  of  12-inch  by  12-inch  chestnut  timber,  with  a 
vertical  fi»ce  and  a  back  slope  of  2i  horizontal  to  1  vertical^  laid  on  the  incline,  with 
cros^-intersections  at  5-feet  distances,  and  the  whole  filled  in  solid  with  broken  stone. 
The  surface  of  the  sloping  back  is  estimated  as  of  solid  timber,  12  inches  thick.  The 
intersections  of  all  the  timbers  to  be  bolted  through  with  1-inch  iron  bolts.  No  aprons 
below  the  dams  are  included,  as  they  are  not  considered  necessary. 

The  embankments  are  all  estimated  as  2  feet  above  the  highest  water.  No  account 
is  taken  of  the  slopes  of  the  wat«r-surface  in  the  canals  or  between  the  dams.  The 
Teaches  are  considered  level  for  the  purposes  of  au  estimate.  This  will  be  sufficiently 
exact  until  the  plan  to  be  executed  is  determined  upon,  when  the  proj[>er  slope  and  all 
the  details  of  the  work  can  be  accurately  arranged. 

Estimate  for  first  plan. 

429,720  cubic  yards  earth  embankment,  at  45  cents |193,374 

81,750  cubic  yards  rock  embankment,  at  $2 163,500 

3,500  cubic  yards  earth  excavation  (foundations),  at  60  cents 2, 100 

5,725  cubic  yards  rock  excavation  (foundation),  at  $3 17, 175 

lOOOO  cubic  yards  rock,  channel  below  canal,  at  $4 404,400 

3,002  cubic  yards  rock-filling  for  waste-dam,  at  $2.50 7, 505 

1,200  cubic  yards  clay  puddUng,  at  $1.50 1,800 

3,330  cubic  yards  robble  in  guard-lock,  at  $12 39,960 

676  cubic  yards  cut  stone  in  guard-lock,  at  $20 13,520 

3,315  cubic  yards  mbble  in  first  lifb-lock.  at  $12 39,780 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

3,315  cubic  yards  rabble  in  second  lift-lock,  at  $12 39,780 

645  cubic  yards  cut  stone  in  second  lift-lock,  at  $20 12, 900 

2,630  cubic  yards  mbble  in  third  lift-lock,  at  $12 31,560 

645  cubic  yards  cut  stone  in  third  lift-lock,  at  $20 12,900 

350  cubic  yards  mbble  in  gate-head,  at  $12 4,200 

100  cubic  yards  cut  stone  in  gate-head^  at  $16 1,600 

950  cubic  yards  rubble  in  waste-dam,  at  $12 11,400 

200  cnbiCi  yards  cut  stone  in  waste-dain,  at  $16 3,200 

130  cubic  yards  rubble  in  two  waste-weirs,  at  $12 1,560 

30  cubic  yards  cut  stone  in  two  waste-weirs,  at  $16 480 

400  cubic  yAi^^^^^l^^ro^-^ndge  abutments,  at  $8 3,200 

100  cubic  yards  cut  stone  in  road-bridge  abutments,  at  $16 1, 600 

1,380  cubic  yards  rubblB  in  retaining-walls,  $6 10,560 
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2,700''cabic  yards  concrete^  at  j^ $13,500 

408,000  feet  (board  measure)  timber  in  waste-dam,  at  |45 18, 360 

36,800  poonds  iron  bolts  in  waste-dam,  at  10  cents 3,680 

100  feet  bridge  Buperstracture,  $50 5,000 

500  feet  bridge  over  dam,  at  $10 5,000 

8  pairs  lock-gates 22,500 

2  waste-weirs 3,500 

Gates  at  entrance  to  canal 1,500 

Gate-house 750 

Coffer-dam,  &c 15,000 

Alteration  of  dam  at  Enfield 5,000 

Labor,  &c.,  on  dam  not  included 26,500 

Land  damages w 25,000 

Engineering  and  contingencies,  10  percent 117,624 

Total 1,293,868 

EsUmaUfoT  second  plan, 

292,000  cubic  yards  earth  embankment,  at  40  cents $116,800 

66,160  cubic  yards  rock  embankment,  at  $1.75 115,780 

154,000  cubic  yards  earth  excavation,  at  35  c^nts 53,900 

4,000  cubic  yajds  rock  excavation  (foundation),  at  $3 12, 000 

6,300  cubic  yards  rock,  channel  above  dam,  at  $5 41,500 

7,400  cubic  yards  rock,  channel  below  dam,  at  $5 37,000 

5,500  cubic  yards  rock,  channel  below  canal, at  $5....- 27,500 

1,200  cubic  yards  clay  puddling,  at  $1.50 1, 800 

2,904  cubic  yards  rubble  in  guard-lock,  at$12 34,848 

676  cubic  yards  cut  stone  in  guard-lock,  at  $20 13,520 

3,115  cubic  yards  rubble  in  first  lift-lock,  at  $12 37,380 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

3,115  cubic  yards  rubble  in  second  lift-lock,  at  $12 37,380 

645  cubic  yards  cut  stone  in  second  lift.-lock,  at  $20 12,900 

2,630  cubic  yards  rubble  in  third  lift-lock,  at  $12 31,560 

645  cubic  yards  cut  stone  in  third  lift-lock,  at  $20 12,900 

350  cubic  yards  rubble  in  gate-head,  at  $12 4,200 

100  cubic  yards  cut  stone  in  gate-head,  at  $16 '  1,600 

200  cubic  yards  rubble  in  three  waste-weirs,  at  $12 2,400 

40  cubic  yards  cut  stone  in  three  waste-weirs,  at  $16 640 

600  cubic  yards  railroad-bridge  abutments,  at  $12 7,200 

200  cubic  yards  cut  stone  in  railroad-bridge  abutments,  at  $16 3, 200 

400  cubic  yards  rubble  in  road-brid^  abutments,  at  $8 3, 200 

100  cubic  yards  cut  stone  in  road-bndge  abutments,  at  $16 1, 600 

240  cubic  yards  rubble  in  foot-bridge  abutments,  at  $8 1,920 

60  cubic  yards  cut  stone  in  foot-bridge  abutments,  at  $16 960 

450  cubic  yards  culvert  masonry,  at  $10 4,500 

1,630  cubic  yards  retaining-walls,  at  $8 13,040 

1,800  cubic  yards  concrete,  at  $5 : 9,000 

100  feet  bridge  superstructure  at  railroad,  at  $80 8,000 

100  feet  bridge  superstructure,  at  $50 5,000 

100  feet  bridge  superstructure,  at  $25 2,.500 

8  pairs  lock-gates 22,500 

3  waste-weirs 5,200 

Gates  at  entrance  to  canal 1,500 

Gate-house ^ 750 

Alteration  of  dam  at  Enfield 5,000 

Coffer-dams,  &c 12,000 

Land  damages 75,000 

Engineering  and  contingencies,  10  per  cent 79,058 

Total 869,636 

Estimate  for  third  plan  (a). 

169,800  cubic  yards  earth  excavation,  at  35  cents $59,430 

4,000  cubic  j-ards  rock  excavation,  at  $2 8,000 

1,550  cubic  yards  rock  excavation  (foundations),  at  $3 4, 650 

5,500  cubic  yanls  rock,  channel  below  canal,  at  $5 27,500 

1,972  cubic  yanls  filling  for  west  dam,  at  $2.50 4,930 
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8,674  cubic  yards  filling  for  east  dam,  at  $2.50 $21,685 

3,000  cubic  yards  clay  puddling,  at  |1.50 4, 500 

2,800  cubic  yards  rubble  abutments,  west  dam,  at  $12 33, 600 

800  cubic  yards  cut-stone  abutments,  west  dam,  at  $16 12,  800 

2,600  cubic  yards  rubble  abutments,  east  dam,  at  |12 31 ,  200 

400  cubic  yards  cut-stone  abutments,  east  dam  at  $16 6,400 

4,140  cubic  yards  rubble  in  guard-lock,  at  $12 49,680 

614  cubic  yards  cut  stone  in  guard-lock,  at  $20 12,280 

3,115  cubic  yards  rubble  in  first  lift-lock,  at  $12 ,  37,380 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 12, 900 

3,115  cubic  yards  rubble  in  second  Uft-lock,  at  $12 37,380 

645  cubic  yards  cut  stone  in  second  lift-lock,  at  $20 12,900 

2,630  cubic  yards  rubble  in  third  lift-lock,  at  $12 31,560 

645  cubic  yards  cut  stone  in  third  lift-lock,  at  $20 12,900 

350  cubic  yards  rubble  in  gate-head,  at  $12 4,200 

100  cubic  yards  cut  stone  in  gate-head,  at  $16 1,600 

200  cubic  yards  rubble  in  three  waste-weirs,  at  $12 2,400 

40  cubic  yards  cut  stone  in  three  waste-weirs,  at  $16 640 

600  cubic  yards  rubble  in  railroad-bridge  abutments,  at  $12 7, 200 

200  cubic  yards  cut  stone  in  railroad-bridge  abutments,  at  $16 3, 200 

400  cubic  yards  rubble  In  road-bridge  abutments,  at  $8 3, 200 

100  cubic  yards  cut  stone  in  road-bndge  abutments,  at  $16 1 ,  600 

240  cubic  yards  rubble  in  foot-bridge  abutments,  at  $8 1,920 

60  cubic  yards  cut  stone  in  foot-bndge  abutments,  at  $16 960 

450  cubic  yards  culvert  masonry,  at  9IO 4,500 

1,580  cubic  yards  ret«ining-wall8,  at  $8 12,640 

2,700  cubic  yards  concrete,  at  $5 - 13,500 

396,600  feet  (board  measure)  timber  for  west  dam,  at  $45 17,847 

1,473,600  feet  (board  measure)  timber  for  east  dam,  at  $45 66, 312 

39,360  pounds  iron  bolts  for  west  dam,  at  10  cents 3,936 

137,600  pounds  iron  bolts  for  east  dam,  at  10  cents 13,760 

100  feet  of  bridge  superstructure,  at  $80 8,000 

100  feet  of  bridge  superstructure,  at  $50 5,000 

8pairsof  lock-gates 22,500 

100  feet  of  bridge  superstructure,  at  $25 2,500 

3  wast«-weir8 5,200 

2  gate-houses 1,500 

Gates  at  entrance  of  new  canal 1, 500 

Gates  at  entrance  of  old  canal 1,200 

Alteration  of  Enfield  bridge 15,000 

Coffer-dams,  &c 12,000 

Fish-way  at  east  dam 1,700 

Labor,  &c.,  on  west  dam,  not  included 43,000 

Labor,  &c.,  on  east  dam,  not  included 84,000 

Land  damages ^ 90,000 

Engineering  and  contingencies,  10  per  cent 87,419 

Total , 961,609 

E8Hnk4Uefor  third  plan  (b), 

154.200  cubic  yards  earth  excavation,  at  35  cents $53,970 

1,525  cubic  yards  rock  excavation  ^foundations),  at  $3 4, 575 

5,500  cubic  yards  rook,  in  channel  uelow  canal,  at  $5 27,500 

19.530  cubic  yards  rock,  filling  in  dam,  at  $2.50 48,825 

2,000  cubic  yards  clay  puddling,  at  $1.50 3,000 

4,200  cubic  yards  rubble  in  abutments  of  dam,  at  $12 50,400 

1,200  cubic  yards  cut  stone  in  abutments  of  dam,  at  $16 19,200 

5,766  cubic  yards  rubble  in  guard-lock,  at  $12 69, 192 

676  cubic  yards  cut  stone  in  guard-lock,  at  $20 13,520 

3,115  cubic  yards  rubble  in  first  lift-lock,  at  $12 37,380 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

3,115  cubic  yards  rubble  in  second  lift-lock,  at  $12 37, 380 

645  cubic  yards  cut  stone  in  second  lift-lock,  at  $20 12,900 

2,630  cubic  yards  rubble  in  thiwl  lift-lock,  at  $12 31, 560 

645  cubic  yards  cut  stone  in  third  lift-lock,  at  $20 12,900 

350  cubic  yards  rubble  in  gate-head,  at  $12 4,200 

100  cubic  yards  cut  stone  in  gate-head,  at  $16 1,600 

200  cubic  yards  rubble  in  three  waste-weirs,  at  $12 2, 400 
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40  cubic  yards  cut  stone  in  three  waste- weirs,  at  $16 |640 

600  cubic  yards  rubble  in  railroad-bridge  abutments,  at  $12 7, 200 

200  cubic  yards  cut  stone  in  raibx)ad-bridge  abutments,  at  $16 3,200 

400  cubic  yards  rubble  in  road-brid|(e  abutments,  at  $8 3, 200 

100  cubic  yards  cut  stone  in  road-bridge  abutments,  at  $16 1, 600 

240  cubic  yards  rubble  in  foot-bridge  abutments,  at  $8 1, 920 

60  cubic  yards  cut  stone  in  foot-bridge  abutments,  at  $16 960 

450  cubic  yards  culvert  masonry,  at  $10 4,500 

1,580  cubic  yards  retaining-walls,  at  $8 12,640 

2,700  cubic  yards  concrete,  at  $5 13,500 

2,637,000  feet  (board  measure)  timber  in  dam,  at  $45 118, 665 

229,380  pounds  iron  bolts  in  dam,  at  10  cents »  22, 938 

100  feet  bridge  superstructure,  at  $80 8,000 

100  feet  bridge  superstructure,  at  $50 5,000 

100  feet  bridge  superstructure,  at  $25 2,500 

8pair8of  lock-gates 22,500 

3  waste-weirs 5,200 

2  gate-houses 1,500 

Gates  at  entrance  to  new  canal 1,500 

Gates  at  entrance  to  old  canal 1,200 

Altering  Enfield  bridge 15,000 

Coffer-dams,  &c 5,000 

Fish-way 2,300 

Labor,  &c.,  on  dam  not  included 156,000 

Land  damages 100,000 

Engineering  and  contingencies,  10  per  cent 96,006 

Total 1,056,071  . 

Estimate  for  fourth  plan, 

33,440  cubic  yards  earth  embankment,  at  45  cents $150, 496 

51,792  cubic  yards  rock  embankment,  at  $2 103,584 

3, 125  cubic  yards  rock  excavation  (foundations),  at  $3 9, 375 

11,000  cubic  yards  rock  in  channel  at  upper  dam,  $5 55,000 

36,000  cubic  yards  earth,  raising  old  tow-path,  at  45  cents 16, 200 

31,500  cubic  yards  rock,  raising  old  tow-path,  at  $2 63,000 

2,238  cubic  yards  filling  in  upper  dam,  at  $2.50 5,595 

4,860  cubic  yards  filling  in  lower  dam,  at  $2.20 12,150 

5,500  cubic  yards  rock,  channel  below  canal,  at  $5 27,500 

3,000  cubic  yards  clay  pudding,  at  $1.50 - 4,500 

3,000  cubic  yards  rubble  in  upper  dam,  at  $12 1.  16,000 

700  cubic  yards  cut  stone  in  upper  dam,  at  $16 11,200 

1,800  cubic  yards  rubble  in  lower  dam,  at  $12 21,600 

400  cubic  j^ards  cut  stone  in  lower  dam,  at  $16 6,400 

5, 194  cubic  yards  rubble  in  upper  guard-lock,  at  $12 62, 328 

768  cubic  yards  cut  stone  in  upper  guard-lock,  at  $20 •..  15,360 

3,702  cubic  yards  rubble  in  lower  guard-lock,  at  $12 44, 424 

691  cubic  yanls  cut  stone  in  lower  guard-lock,  at  $20 13,820 

2,633  cubic  yards  rubble  in  first  lift-lock,  at  $12 31, 596 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

3,838  cubic  yards  nibble  in  second  lift-lock,  at  $12 46,056 

645  cubic  yards  cut  stone  in  second  lift-lock,  at  $20 12,900 

2,633  cubic  yards  rubble  in  third  lift-lock,  at  $12 31,596 

645  cubic  yards  cut  stone  in  third  lift-lock,  at  $20 12,900 

350  cubic  yards  rubble  in  gat«-head,  at  $12 4,200 

100  cubic  yards  cut  stone  m  gate-head,  at  $16 1,600 

130  cubic  yanls  rubble  in  two  waste- weirs,  at  $12 1,560 

30  cubic  yards  cut  stone  in  two  waste-\v'eirs,  at  $16 480 

240  cubic  yards  rubble  in  foot-bridge  abutments,  at  $8 1, 920 

60  cubic  yards  cut  stone  in  foot-bridge  abutments,  at  $16 960 

1,350  cubic  yards  retaining-walls,  at  $7 10,800 

2,700  cubic  yards  concrete,  at  $5 13,500 

519,8(K)  feet  (board  measure)  timber  in  upper  dam,  at  $45 *  23, 391 

996,200  feet  (board  measure)  timber  in  lower  dam,  at  $45 44, 829 

52,290  pounds  iron  bolts  in  upper  dam,  at  10  cents.... 5,229 

98,880  pounds  iron  bolts  in  lower  dam,  at  10  cents 9, 888 

100  feet  bridge  superstructure,  at  $25. 2, 500 

10  pairs  lock-gates 28,500 
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2wftBt€-weiT8 $3,500 

Gates  at  entrance  to  canal 1,  500 

Gates  at  entrance  to  old  canal 1, 200 

Gate-honse 750 

Coffer-dama,  &c 15,000 

Fish-ways  at  dams 2,400 

Labor,  &c.,  on  upper  dam  not  included 39,000 

Labor,  d:c.,  on  lower  dam  not  included 57,000 

Land  damages 35,000 

Engineering  and  contingencies,  10  per  cent 111,119 

Total 1,222,308 

JSiHmate  for  jifth  plan  (a). 

1,524,300  cubic  yards  earth  excavation,  at  30  cents $457, 290 

462.000  cubic  yards  rock  excavation,  at  $L50 693, 000 

3,000  cubic  yards  rock  foundation,  at  |3 9,000 

1,200  cubic  yards  clay  pudding,  at  $1.50 .• 1,800 

3,330  cubic  yards  rubble  in  guard-lock,  at  $12 39,960 

676  cubic  yards  cut  stone  in  gnard-lock,  at  $20 13,520 

3,120  cubic  yards  rubble  in  first  lift-lock,  at  $12 37, 440 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

3,120  cubic  yards  rubble  in  second  lift-lock,  at  $12 37,440 

645  cubic  yards  cut  stone  in  second  lift-lock,  at  $20 12,900 

2,630  cubic  yards  rubble  in  third  lift-lock,  at  $12 31,560 

645  cubic  yards  cut  stone  in  third  lift-lock,  at  $20 12,900 

400  cubic  yards  rubble  in  four  road-bridges,  at  $8 • 3,200 

225  cubic  yards  rubble  in  three  foot-bridges,  at  $8 1, 800 

8,680  cubic  yards  rubble  in  retaining-walls,  at  $8 69,440 

2,700  cubic  yards  concrete,  at  $5 13,500 

4  road-bridges 6,000 

3  foot-bridges 3,000 

Removing  stop-gates 500 

Moving  railroad  track 1,500 

Altering  highway 500 

8  pairs  of  lock-gates 22,500 

Coffer-dams,  &c 5,000 

Land  damages 155,000 

Engineering  and  contingencies,  10  per  cent 164, 165 

1,805,815 

Add  value  of  old  canal 101,750 

Total 1,907,565 

EBiimaU  for  fifth  plan  {Jb). 

48,000  cubic  yards  earth  excavation  (foundations),  at  50  cents $24, 000 

3,000  cubic  yards  rock  excavation  (foundations),  at  $3 9, 000 

1,200  cubic  yards  clay  puddling,  at  $1.50 1,800 

3,330  cubic  yards  rubble  in  guard-lock,  at  $12 39, 960 

676  cubic  yards  cut  stone  in  guard-locK.  at  $20 13,520 

3,120  cubic  yards  rubble  in  first  lift-lock,  at  $12 37,440 

645  cubic  yards  cut  stone  in  first  lift-lock,  at  $20 12,900 

3,120  cubic  yards  rubble  in  second  lift-lock,  at  $12 37,440 

645  cubic  yards  cut  stone  in  second  lift-lock,  at  $20 ^ 12, 900 

2,630  cubic  yards  rubble  in  third  lift-lock,  at  $12 31,560 

645  cubic  yards  cut  stone  in  third  Uft-lock,  at  $20 12,900 

2,700  cubic  yards  concrete,  at  $5 13,500 

8  pairs  of  lock-gates 22,500 

Bemoviug  stop-gates 500 

Coffer-dams,  &c 5,000 

Engineering  and  contingencies,  10  per  cent 27,492 

302,412 

Add  value  of  old  canal 101,750 

Total 404,162 
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RECAPITULATION  OF  ESTIMATES. 

First  plan : 
Canal  and  channel  on  west  side fH,  293,868 

Second  plan : 
Canal  on  east  side 869,636 

Third  plan  (a) : 
Two  dams  at  island  and  canal 961,609 

Third  plan  (h) : 
One  dam  below  island  and  canal.. 1,056,071 

Fourth  plan : 
Two  dams  at  different  levels^  and  canal 1,222,308 

Fifth  plan  (a) : 
New  locks  and  widening  old  canal 1,907,565 

Fifth  plan  (6): 
New  locks  only,  old  canal 404,162 


MATERIALS  FOR  THE  WORK. 

Earth  and  rock  for  the  embankments  in  the  first,  second,  and  fourth  plans  will  be 
easily  obtained  upon  the  banks  in  the  vicinity  of  the  work.  In  the  other  plans  pro- 
posed, the  cutting  will  equal  the  filling  or  be  in  excess. 

Stone  for  part  of  the  rubble  masonry  can  probably  be  obtained  of  sufilcieutly  good 
quality  in  the  vicinity. 

The  cut  blocks  of  freestone  for  the  comers  and  coping,  and  the  larger  blocks  of  stone 
for  the  abutments  of  the  dams,  will  probably  be  best  obtained  from  the  quarries  at 
East  Windsor,  about  two  miles  below  the  foot  of  the  rapids,  where  blocks  of  excellent 
quality  and  any  desired  size  can  be  obtained.  There  are  also  other  quarries  at  Port- 
land and  other  places  on  the  river  where  the  stone  could  likewise  be  conveniently 
obtained. 

The  granite  used  in  the  locks  would  have  to  be  brought  from  Munson,  Massachu- 
setts, or  from  Westerly,  Rhode  Island,  at  both  of  which  places  there  are  excellent 
quarries.  The  latter  would  probably  be  the  best,  as  there  is  water  communication 
nearly  the  whole  distance. 

The  timber  for  the  dams,  lock-gates,  weirs,  &c.,  can  be  best  obtained  in  Vermont 
and  New  Hampshire,  and  brought  down  by  railroad  directly  to  where  it  is  to  be  used. 
Timber  cannot  at  the  present  time  be  rafted  down  the  river  past  Turner's  Falls  and 
Holyoke. 

The  iron  work,  both  cast  and  forged,  for  the  locks  and  dams,  can  be  prepared  at 
Hartford,  where  there  are  extensive  shops  and  founderies,  and  transported  by  water 
or  rail  as  is  most  convenient. 

ABVANTAOBS  AND  DISADVANTAQES  OF  THE  PROPOSED  IMPROVEMENTS. 

Each  of  the  improvements  proposed  has  some  especial  advantages  or  disadvantages 
which  it  will  be  well  to  consider  irrespective  of  the  cost. 

The  first  plan  proposed,  that  of  a  canal  on  the  west  side  of  the  river,  has  the  benefit 
of  the  channel  west  of  the  island  to  form  a  large  and  commodious  basin,  valuable  for 
various  purposes  in  a  canal,  but  more  especially  as  a  safe  winter-harbor  for  the  river- 
boats,  wnere  they  would  not  be  endangered  by  the  ice  in  the  spring  freshets. 

It  also  has  the  advantage  of  passing  under  the  railroad-bridge  at  the  most  favorable 
place  for  width  and  head-room,  and  where  the  comx^any  would  be  required  to  build 
a  draw,  if  one  should  be  deemed  desirably.  This  plan  leaves  the  natural  channel  open 
for  descending  boats. 

The  disadvantages  of  this  plan  are  that  it  is  upon  the  outside  of  the  old  canal,  and 
nowhere  accessible  from  the  shore  except  by  bridges  over  the  old  canal.  This  would 
be  very  important  to  boats  loading  and  unloading  at  Windsor  Locks,  or  to  those  lying  in 
the  basin  west  of  the  island.  Also,  that  the  new  canal  cannot  extend  to  the  deep 
water  at  the  foot  of  the  rapids  on  account  of  the  great  value  of  the  miUs  and  manui^- 
turing  operations  making  use  of  the  water-power  of  the  old  canal.  The  excavated 
channel  below  the  last  lock  would  be  more  difficult  of  navigation  than  the  canal  ex- 
tended down  the  same  distance.  This  plan  furnishes  no  good  landing  at  Windsor 
Locks,  and  little  or  no  additional  water-iH)wer.  It  materially  diminishes  the  sectional 
area  of  the  water-way  above  the  island,  even  with  the  proposed  width  of  150  feet. 

The  second  proposed  plan  of  a  canal  on  the  east  side  of  the  river  has  the  advantage 
of  being  next  to  the  shore,  with  convenient  access  to  all  parts  of  it.  It  passes  under 
the  railroad,  where  a  draw  can  be  built,  if  desired,  although  the  whole  expense  would 
probably  fall  on  the  government.  It  can  extend  to  the  foot  of  the  rapids,  and  will 
open  into  the  river  on  the  channel  side.    It  also  falls  abruptly  at  the  lower  end,  so  that 
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a  very  abort  length  will  be  flooded  eyen  in  the  highest  water.  The  entrance  will  be 
easily  accessible  at  all  stages  of  the  river. 

.  This  plan  will  also  provide  an  abundant  water-power,  which  will  be  second  to  none 
in  the  State,  and  furnishes  an  excellent  location  for  manufacturing  establishments  bo^ 
tween  the  canal  and  river  at  Warehouse  Point. 

This  plan  also  leaves  the  natural  channel  of  the  river  open  for  descending  boats,  and 
it  is  the  only  plan  that  does  not  touch  or  interfere  in  any  manner  with  the  old  canal. 

The  disadvantage  of  this  plan,  as  well  as  the  previous  one,  is  that  it  materially  di- 
minishes the  sectional  area  of  the  bed  of  the  river.  It  also  has  the  disadvantage  that, 
if  the  canal  is  to  be  made  deeper  than  proposed,  there  will  be  much  more  rock-cutting 
in  the  channel  above  and  below  Enflela  Dam. 

The  third  proposed  plan  of  a  dam  on  each  side  of  the  island,  and  a  canal  Itelow  on 
the  east  side,  has  the  advantage  of  not  contracting  the  water-way  above  the  island, 
like  the  two  preceding  plans.  It  also  shortens  the  canal  on  the  east  side  of  the  river 
to  2.13  miles.  In  this  plan  the  canal  can  be  wider,  if  hereafter  considered  desirable. 
This  plan  has  also  the  same  advantage  regarding  water-power  as  the  preceding. 

The  disadvantages  of  this  plan  are:  It  closes  the  natural  channel  of  the  river,  which 
has  been  heretofore  deemed  an  important  matter.  It  is  open  to  the  objection  of  the 
insecurity  to  which  all  dams  are  subject,  and  their  being  of  far  leas  permanent  charac- 
ter and  liable  to  more  repairs  than  a  canal. 

In  this  plan  also  boats  endeavoring  to  enter  the  upper  lock  in  time  of  freshets  might 
be  accidentally  carried  over  the  dam. 

This  plan  requires  the  raising  of  Enfteld  bridgOj  or  a  draw,  which  would  oblige  all 
boats  to  pass  at  one  place  near  the  west  end  of  the  bridge  at  ordinary  high-water. 

The  proposed  modiflcation  of  this  plan,  by  making  one  dam  below  the  island  in 
place  of  the  two  above  mentioned,  would  not  materially  change  its  character.  It 
would  have  the  benefit  of  shortening  the  canal  to  1.64  miles,  but  would  flow  back  on 
the  west  side  of  the  island  so  as  to  interfere  with  the  water-power  on  Stony  Brook, 
before  mentioned. 

The  difference  between  these  modifications  is  chiefly  one  of  cost,  if  the  lower  dam  is 
not  carried  so  far  down  the  stream  as  to  endanger  the  railroad-bridge. 

The  first  modification  has  some  advantage  over  the  second  in  the  depth  of  water 
flowing  over  the  dams  in  the  highest  freshets,  which  would  be  10.1  feet  for  the  first 
modification,  and  11.8  feet  for  the  second. 

The  fourth  proposed  plan  of  one  dam  near  Enfield  bridge,  and  another  just  Inflow 
the  railroad-brifl^e,  can  have  the  shortest  canal  of  any  of  the  proposed  improvements, 
being  1.50  miles  in  length  below  the  lower  dam.  This,  however,  would  be  more  than 
compensated  by  the  necessity  of  having  one  more  lock. 

This  plan  can  have  almost  any  width  of  canal  desired  without  materiallv  increasing 
the  cost,  but  an  increase  of  the  proposed  depth  will  make  expensive  rock-cutting  at 
the  upper  dam. 

It  has  the  disadvantages  consequent  upon  having  two  dams  in  the  main  channel  jof 
the  river,  with  their  insecurities  and  rei)airs,  and  tne  risk  of  boats  going  over  tliem  in 
freshets. 

This  plan  also  gives  a  less  head  of  water  at  Warehouse  Point  by  11  feet,  and  has  no 
favorable  place  for  manufacturing  establishments  along  its  banks. 

The  greatest  disadvantage  possessed  by  this  j>lan,  however,  is  the  great  depth  of 
water  on  the  npjier  dam  in  time  of  freshets.  This  would  be  15.2  feet,  and  woula  dam 
the  water  back  in  the  river  above  to  a  height  of  3  feet  more  than  is  now  the  case,  and 
would  probably  cause  some  damage  above  not  considered  in  the  estimate. 

The  lower  dam,  also,  would  have  upon  it,  at  high-water,  12.4  feet,  which-  is  more 
than  would  be  on  the  dams  in  the  other  plans. 

The  fifth  proposed  plan  of  improving  the  present  canal  has  all  the  advantages  of  the 
canal  on  the  east  side  of  the  river,  without  contracting  the  water-way  above  the 
island.  It  also  has  the  advantage  of  drawing  rents  from  manufactories  already  estab- 
lished, using  water-power  from  the  canal.  It  leaves  the  river-channel  open  like  the 
other  proposed  canals,  and  it  could  draw  all  the  water  from  above  Enfield  Dam;  if 
desired,  ituitead  of  only  a  part,  as  would  be  the  case  with  either  of  the  other  proposed 
canals.  It  has  the  advantage,  also,  that  it  could  be  executed  part  at  a  time,  as  the 
necessities  of  navigation  might  require.  The  locks  could  be  first  constructed  and  the 
widening  done  afterward,  as  might  be  necessary  for  larger  boats  than  those  now 
nsed.  Its  principal  disadvantages  are  the  opposition  that  the  plan  would  receive  from 
tfce  owners  of  property  taken  for  the  widening,  and  that  it  would  be  necessary  to  pur- 
chase the  franchise  of  the  Connecticut  River  Company,  the  shares  of  which  would  rise 
in  value  if  it  was  known  that  the  government  desired  to  purchase  it. 

The  modification  of  this  plan,  by  making  only  new  locks  at  present,  has  only  the 
advantage  that  if  the  size  ot  boats  hereafter  used  would  not  warrant  it,  the  work  need 
not  be  fully  carried  out,  but  only  such  a  widening  made  as  is  requisite. 

In  this  way  the  original  expense  would  be  less,  and  the  final  cost  perhaps  not  greater 
than  by  either  of  the  other  plans. 

19  £ 
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PLANS  SELECTED. 

A  careful  consideration  of  the  estimates  of  cost,  with  the  advant-ages  and  disadvan- 
tages of  each  of  the  proposed  plans  of  improvement,  will,  it  is  believed,  cause  the  re- 
jection of  the  first  plan,  the  modification  of  the  third  plan,  the  fourth  plan,  and  the 
fifth  plan,  leaving  to  be  considered  the  second,  third,  and  modified  fifth  plans  ,*  and  to 
these  preference  is  given  in  the  order  named. 

The  contraction  of  the  water-way  near  Enfield  bridge  is  the  only  serious  objection  to 
the  second  plan,  and  it  is  believed  that  a  safe  location  of  the  canal  can  be  made. 

The  low  aam  at  the  Enfield  entrance,  which  would  not  be  dangerous  for  boats  if 
drawn  over  accidentally  at  high-water,  is  deemed  more  than  an  ofiset  to  the  short 
canal  and  other  advantages  of  the  third  plan,  with  its  high  dam  at  the  entrance  to  the 
canal. 

If  the  original  outlay  is  to  be  limited  to  the  smallest  amount  possible,  with  a  view  to 
future  enlargementflias  necessity  may  require,  the  modified  fiffcn  plan  is  the  one  which 
should  be  selected.  * 

FURTHER  IMPROVEMENT  OF  THE  RIVER. 

Wliatever  plan  for  the  improvement  of  the  rapids  may  be  adopted,  it  should  be  in 
view  of  further  improvements  between  the  foot  of  the  rapids  and  the  city  of  Hartford. 
The  exjiense  of  making  a  channel  of  6  or  7  feet  deep  will  not  be  much  greater  than 
one  of  three  or  four,  which  is  now  the  ordinary  limit  of  depth  in  the  channel  below 
at  the  lowest  stages  of  the  river.  The  estimates,  therefore,  have  been  made  with  this 
in  view. 

The  channel  of  the  river  can  be  so  improved  as  to  carrv  7  feet  of  water  up  as  far  as 
Springfield,  Massachusetts,  if  the  amount  of  traffic  would  warrant  it.  In  this  case 
vessels  navigating  Lon^  Island  Sound,  or  even  sea-^oing  craft  of  moderate  size,  could 
l)roceed  directly  to  Springfield,  and  save  the  transhipment  now  necessary  at  Hartford. 

All  of  which,  with  the  accompanying  list  of  maps,  tables  of  approximate  discharge, 
and  list  of  bench-marks,  is  respect^iilly  submitted. 

Theo.  G.  Elus, 

CivU  Engineer, 

M^jor-General  G.  K.  Warren, 

Major  United  States  Engineern, 


LIST  OF  MAPS. 

Accompanying  this  report  is  a  map  of  Enfield  Rapids,  on  a  scale  of  400  feet  to  an 
inch,  or  c^^^js,  showing  the  several  plans  of  improvement.  Also  a  (dieet  showing  sec- 
tions across  the  river,  numbered  on  the  maps  from  0  to  55. 

To  show  the  river  above  and  below  the  rapids,  reference  is  made  to  the  map  of  the 
Connecticut  River  from  Hartford,  Connecticut,  to  Hadley,  Massachusetts,  accompany- 
ing my  report  on  proposed  improvement  above  Hartford,  of  March  4,  1871.  And  to 
show  the  river  ftom  Hartford  to  Long  Island  Sound,  reference  is  made  to  the  map 
accompanying  my  report  of  survey  of  the  Connecticut  River  below  Hartford,  of  Jan- 
nary  11,  1868. 


Table  of  approximate  discharge  of  the  Connecticut  River  at  Enfield  BapidSf  in  tenths  of  the 
height,  from  low  to  high  water  at  any  point. 


Height 

Cubic  feet 
per  second. 

Notes. 

4,000 
10,500 
20,500 
87,500 
61,000 
01,500 
78,000 
98,000 
118,600 
141,000 
162,000 

>    tioDS  of  bed  bt- twecD  Hartford  and  ScanUc,  by  Hum- 
phreys and  Abbot  formula. 

Interpolated. 

InterpoUted. 

From  deepest  water  on  Holyolce  Bam,  Bankine  fonnnla. 

1.0 
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Benchrmarka-^ffeigkt»  frwn  0  of  Hartford  gauge-hoard, 

ON  EAST  SIDE  OF  RIVER. 

Northeast  comer  of  onderpiimiDg  stone  at  northeast  comer  of  red  tobacco-shed,  near 
Kciiou  3,  29.81  feet 

Nail  in  south  one  of  two  maple  trees  in  front  of  white  house,  east  of  road,  near  sec- 
tion 9,  31.14  feet. 

Top  of  southwest  comer  of  abutment  of  railroad-bridge  at  Warehouse  Point,  61.90 
feet. 

ON  WEST  SIDE  OF  RIVER. 

Top  of  north  one  of  two  hooks  in  the  top  of  east  wall  of  south  lock  of  old  canal, 
ia76  feet. 

Top  of  southeast  comer  of  abutment  of  railroad-bridge,  near  Windsor  Locks,  61.75 
feet. 

Top  of  southeast  comer  of  stone  support  to  bridge  over  old  canaL  at  north  end  of 
tow-path,  50.93  feet. 

THE  SURVEY  FOR  A  CANAL  FROM  HARTFORD  TO  ENFIELD. 

The  natural  sequence  to  the  Enfield  Rapids  survey,  in  view  of  the  capabilities  of  the 
river  above  Enfield  Dam  as  far  as  Holyoke,  and  the  possibility  of  improving  the  rapids 
by  means  of  a  canal,  was  the  continuation  of  the  survey  for  a  canal  aU  the  way  down 
to  the  navigable  water  at  Hartford. 

This  was  done  in  the  fall  and  winter  of  1673,  and  the  following  report  was  made. 
The  map  referred  to,  showing  the  location  of  the  proposed  canal,  has  been  reduced  and 
transferred  to  the  general  map  of  the  river  herewith  presented.  The  part  embraced 
in  the  report  is  shown  in  Plates  I  and  XL 

"Hartford,  Conn.,  May  13,  1873. 

General:  According  to  instractions  received,  a  survey  has  been  made  for  a  canal 
upon  the  easterly  side  of  the  Connecticut  River,  between  Warehouse  Point  and  Hart- 
ford. 

This  canal  is  intended  to  be  in  continuation  of  the  proposed  canal  around  the  Enfield 
Rapids  reported  upon  Januarv  10,  1872.  Of  the  plans  then  presented,  the  second,  or 
a  canal  firom  above  the  rapids  to  the  village  of  Warehouse  Point,  on  the  east  side  of 
the  river,  is  considered  the  most  feasible,  and  it  is  with  that  view  that  the  present 
survey  has  been  made. 

THE  RIVER  BELOW  THE  RAPIDS. 

The  channel  of  the  river  below  the  rapids,  nearly  all  the  distance  to  Hartford,  is 
obstructed  by  bars.  These  exist  at  the  mouth  of  the  Scantic  River,  7^  miles  above 
Hartford ;  opposite  Strong's  Island,  6^  miles  above ;  at  the  month  of  the  Farmington 
River,  5i  miJes  above ;  at  Barber's  Lauding,  3|  miles  above ;  and  at  Higley's  Point,  If 
miles  above  Hartford. 

During- extremely  dry  seasons  this  portion  of  the  river  has  but  about  18  inches  of 
water  upon  the  bars,  and  is  of  very  difficult  navigation.  Its  general  character  and 
the  nature  of  the  obstructions  are  detailed  in  my  report  upon  the  improvement  of  this 
part  of  the  river,  of  March  4, 1871. 

The  lall  in  the  surface  at  extreme  low-water  from  Warehouse  Point  to  Hartford,  a 
distance  of  11  miles,  is  6.2  feet.  From  Warehouse  Point  to  Scantic  River,  a  distance 
of  3^  miles,  the  fall  is  1.7  feet,  or  .49  of  a  foot  to  a  mile.  From  Scantic  River  to  Hart- 
ford, a  distance  of  7^  miles,  the  fall  is  4.5  feet,  or  .60  of  a  foot  to  a  mile. 

The  fall  in  the  surface  of  the  river,  at  extreme  high-water,  from  Warehouse  Point 
to  Hartford,  is  3  feet.  From  Warehouse  Point  to  Scantic  River  it  is  .6  foot,  or  .17  foot 
to  a  mile :  ftom  Scantic  River  to  Hartford  it  is  2.4  feet,  or  .32  foot  to  a  mile. 

The  height  of  the  great  freshet  of  1854  above  the  zero  of  the  toll-bridge  gauge  at 
Hartford  was  29.83  feet,  as  ascertained  and  recorded  at  the  time.  This  is  the  highest 
flood  known. 

The  £eTo  of  the  above-named  gauge  is  taken  as  the  base  of  the  levels,  and  is  con* 
sidered  low- water  mark  at  Hart&rd,  although  it  is  said  that  in  1858  the  water  fell  1| 
inches  below  it. 

The  total  fall  of  the  river  at  low-water  from  above  the  Enfield  Dam  to  Hartford  is 
39.2  feet. 

PREVIOUS  IMPROVEMENTS  MADE  AND  RECOMMENDED. 

During  the  summer  of  1871  an  attempt  was  made  to  improve  the  navigation  upon 
the  Scantic,  Strong's  Island,  and  Farmington  River  Bars  by  the  construction  of  wing- 
dams  at  those  places^  as  proposed  in  report  of  March  4  of  that  year.  These  works 
were  left  in  an  unfinished  condition,  owing  to  the  failure  of  the  contractor  to  com- 
plete tiie  work  within  the  specified  time. 
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During  the  next  season,  1872,  the  wat«r  of  tho  river  continued  remarkably  high 
through  the  whole  samnier,  so  as  to  render  it  impracticable  to  determine  to  what  ex- 
tent the  bars  have  been  benefited  by  the  work  done. 

The  extensive  improvements  around  Enfield  Rapids  which  have  been  proposed 
Would  scarcely  appear  to  be  warranted,  unless  the  river  below  could  be  made  naviga- 
ble for  boats  of  greater  draught  than  at  the  present  time,  or  the  proposed  canal  con- 
tinued down  to  the  deep  water  at  Hartford. 

The  present  survey  has  therefore  been  made  to  ascertain  the  cost  of  continuing  the 
proposed  canal  around  Enfield  Rapids  down  to  Hartford. 

SURVEY. 

The  field-work  was  commenced  about  the  1st  of  November,  1872,  and  was  mostly 
completed  by  January  1,  1873. 

The  surveying  party  consisted  of  Mr.  Charles  L.  Burdett,  civil  engineer,  principal 
assistant;  Mr.  Norman  W.  Eayrs  and  Mr.  Luther  W.  Burt,  sub-assistants;  Oliver 
Deming,  rodman ;  George  W.  Isewton  and  Frederick  B.  Xjatlm)p,  chainmen ;  Wilmot 
Horton,  axman ;  George  V.  Wilson  and  Donald  G.  Mitchell,  flasmen. 

A  line  of  survey  was  run  from  near  the  railroad-bridge  at  Warehouse  Point,  upon 
the  easterly  side  of  the  Connecticut,  down  to  the  mouth  of  the  Hockanum  River,  in 
East  Hartford.  The  linegenerally  follows  the  side-hill,  which  limits  the  meadow 
overflowed  in  freshets.  This  line  is  very  direct,  and  uncommonly  favorable  for  such 
a  work. 

The  route  was  carefully  leveled  over,  and  the  levels  compared  with  bench-marks, 
the  heights  of  which  were  determined  when  taking  levels  from  Hartford  to  Enfield 
Rapids  for  the  previous  surveys. 

The  total  diflference  of  the  two  lines  of  levels  from  the  bench-mark  on  the  east  abut- 
ment of  the  railroad-bridge  at  Warehouse  Point  to  the  bench-mark  on  the  foundation 
of  house  comer  of  Warwarm  avenue  and  Van  Dyke  avenue,  in  Hartford,  a  distance  of 
about  fourteen  and  one-half  miles  by  the  line  run,  was  only  .014  foot ;  and  the  greatest 
amount  of  difference  in  the  comparison  of  intermediate  benches  was  .030  foot  at  Scan- 
tic  River. 

At  about  500  feet  distances  apart,  taken  usually  at  characteristic  points,  cross-sec- 
tions were  leveled  over  to  aid  in  making  an  approximate  location  of  the  canal. 

The  side-hill  along  which  the  survey  was  made  being  in  many  places  irregular  and 
quite  steep,  a  very  close  approximation  t-o  a  location  by  the  preliminary  line  was  im- 
practicable without  consuming  time  unnecessarily.  From  a  study  of  the  cross-sections 
a  line  of  approximate  location  has  been  placed  upon  the  map  accompanying  this  report, 
which,  it  is  believed,  is  nearly  upon  the  best  ground.  The  character  of  the  side-hill 
is  such  that  in  most  Places  a  slignt  alteration  of  the  position  of  the  center  line  of  the 
canal  will  greatly  amct  the  amount  of  work,  and  a  careful  location  will  make  a  large 
part  of  the  work  only  side-hill  excavation,  or  cutting  upon  one  side  and  embankment - 
upon  the  other. 

The  estimated  quantities,  therefore,  of  cutting  and  filling  will  probably  exceed  the 
actual  amount  reouired  in  a  final  location,  and  will  probably  be  sufficient  to  cover  aU 
contingencies  in  tne  execution  of  the  work. 

GENERAL  DESCRIPTION  OF  THE  ROUTE. 

The  previously  proposed  canal  around  Enfield  Rapids  turned  into  the  river  at  Ware- 
house Point,  reaching  the  low-water  level  by  means  of  three  locks. 

The  route  at  present  proposed  dispenses  with  the  locks  at  Warehouse  Point,  and 
keeps  back  from  the  river-road,  leaving  the  formerly  proposed  route  at  the  cross^street 
which  passes  by  the  American  Hotel  and  running  farther  from  the  bank  than  the  old 
line,  as  it  is  not  necessary  to  reach  the  river  at  this  place ;  the  object  of  the  change 
1>eing  to  keep  off  the  ground  covered  by  freshets.  About  a  mile  below  Warehouse 
Point  is  a  rocky  point  called  Red  Hill,  around  which  the  line  passers  close  to  the  river. 
This  will  probably  be  the  best  location,  although  a  perfectly  feasible  route  can  be  ob- 
tained on  the  flat  ground  east  of  the  hill.  This  womd  necessitate  a  long  cut  in  which 
it  is  probable  solid  rock  will  be  found.  It  would,  however,  be  a  matter  for  future 
determination  before  a  final  location  should  be  made.  After  passing  Red  HUl,  the  line 
follows  along  the  side-hill  nearly  all  the  way  to.  the  terminus  at  the  Hockanum  River 
ii^  East  Hartford.  It  keeps  near  the  Connecticut  River  down  as  far  as  Prior's  Creek, 
where  it  diverges  to  the  left  and  runs  at  a  distance  varying  from  2,000  to  4,000  feet 
from  it  to  the  lower  end.  The  line  is  generally  outside  of  the  highway  up  and  down 
the  river  on  the  east  side,  and  crosses  very  few  important  roads.  Tliose  that  are  crossed 
are  mostly  farm-roads  to  the  meadows  bordering  on  the  river,  which  are  used  only  at 
certain  seasons  to  get  in  the  crops.  Narrow  swing-bridges  at  these  points  that  can  be 
left  open  most  of  the  time,  are  all  that  will  be  required.  Some  of  these  roads  can  be 
abauaoned,  or  two  roads  turned  over  one  bridge.  The  roads  that  will  require  heavier 
and  wider  bridges  are,  the  main  road  near  Red  Hill,  the  Connecticut  River  Quarry 
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Company's  Railroad,  the  road  to  Bisseira  Feny  near  the  Scantic  River,  and  tJiroe  roada 
in  East  Hartford.  These  will  all  require  permanent  structures  with  draws,  and  will 
be  at  or  near  the  grade  of  the  tow-path  of  the  proposed  canal. 

Very  few  streams  of  any  importance  are  crossed.  The  Scantic  River  is  the  largest, 
and  the  Podiink  River  next  in  size.  The  others  are  all  small  streams.  It  is  proposed 
to  carry  them  all  under  the  canal  by  suitable  arches  and  culverts. 

At  the  lower  end  of  the  canal,  for  about  a  mile,  the  line  runs  across  a  nearly  level 
meadow,  and  out  upon  a  point  or  spur  which  reaches  nearly  to  the  bank  of  the  Hocka- 
num  River,  thereby  keeping  up  the  grade  of  the  canal  until  it  reaches  the  point  for 
descending  by  locks  to  the  level  of  the  river. 

This  seems  to  be  the  most  feasible  place  for  entering  the  Connecticut,  although  some- 
what below  the  most  desirable  point,  opposite  Hartford.  There  apt)ears,  however,  to 
be  no  point  on  the  river  above  which  acUnits  of  the  entrance  of  the  canal. 

Above  the  toll-bridge  the  river  channel  is  shallow  and  obstnicted  by  bars,  and  the 
bridge  has  no  suitable  draw,  the  existing  one  being  only  17  feet  in  the  clear,  and  not 
in  working  order.  Below  the  bridge,  where  the  navigable  water  begins,  the  eastern 
bank  is  low,  and  has  an  extensive  shoal  extending  half  across  the  river.  The  meadows 
are  low  and  overflowed  in  ireshets  to  a  distance  of  about  4,000  feet  from  the  ordinary 
river-bank. 

Carrying  the  canal  across  these  flats  at  a  high  level  would  be  impracticable  on  ac- 
count of  the  expense  and  the  contraction  of  the  water-way  of  the  river,  and  dropping 
down  by  locks  to  the  level  of  the  meadow  would  submerge  the  canal  and  render  its 
navigation  impossible  whenever  there  was  a  high  freshet. 

The  point  near  the  Hockanum  River,  above  mentioned,  ofters  a  situation  protected 
from  the  ice  and  freshets,  and  gives  a  good  entrance  to  the  canal  through  the  lower 
part  of  the  Hockanum. 

The  banks  are  wooded  and  well  defined,  and  this  stream  can  be  entered  in  any  nav- 
igable stage  of  the  Connecticut  River. 

The  locks  can  be  placed  as  near  together'  as  is  desirable  so  as  to  reduce  the  part  of 
the  canal  submerged  in  freshets  to  a  minimum. 

The  Hockanum  is  at  the  jiresent  time  navigable  up  to  the  point  where  it  is  pro- 
posed to  enter  it  with  the  canal ;  but  it  is  proposed  to  deepen,  widen,  and  straighten 
the  channel  out  to  the  Connecticut  River,  as  shown  on  the  map,  su  as  to  make  a  fr^e 
entrance  to  tha  canal.  This  would  form  a  basin  where  vessels  could  lie  while  awaiting 
a  passage  through  the  locks,  and  would  afford  a  safe  harbor  for  wintering,  protected 
from  the  ice. 

SLOPE  AND  AMOUNT  OF  WATER  REQUIRED. 

The  question  whether  this  canal  will  be  for  navigation  only,  or  whether  the  water 
will  be  used  for  manufacturing  purposes  also,  will  materially  affect  its  location  and 
slope. 

An  inclination  of  the  water-surface  sufficient  only  for  the  waste  and  lockage  is  un- 
doubtedly the  best  for  navigation ;  the  current  will  be  slower,  and  the  amount  of  water 
required  to  supply  the  canal  and  maintain  the  slope  will  be  a  minimum. 

If  it  is  desired  to  have  a  sufficient  amount  of  water  to  supply  power  for  manufactur- 
ing purposes,  a  much  greater  inclination  will  have  to  be  given  to  the  surface,  which 
will  not  be  so  favorable  for  navigation  on  account  of  the  increased  current  in  the  canal. 

It  also  has  the  disadvantage  of  requiring  a  large  supply  of  water  at  all  times  to 
maintain  the  height  at  the  upper  end  of  the  canal. 

Tlie  amount  of  fall  required  in  the  whole  length,  from  Enfield  t-o  Hartford,  for 
navigation  only,  would  be  about  1.75  feet ;  while  to  carry  half  the  wat^^r  in  the  river 
at  low-water  would  take  about  7  feet  fall  between  the  same  points.  This  difference 
would  materially  alter  the  position  of  the  best  location  at  the  lower  end. 

As  there  is  already  a  canal  upon  the  west  side  of  the  river  from  Enfield  Dam  down 
to  the  village  of  Windsor  Locks,  which  now  supplies  a  valuable  and  important  manu- 
facturing interest,  it  is  very  doubtful  if  more  than  half  the  water  at  low  stages  of  the 
river  could  rightfully  be  diverted  to  the  east  side. 

On  account  of  this  complication  with  the  franchise  of  the  Connecticut  River  Com- 
pany, and  the  somewhat  better  location  for  navigation  that  can  be  obtained  with  the 
less  slope,  the  plan  of  improvement  is  made  for  the  purposes  of  navigation  only.  If 
the  work  should  be  executed,  the  location  can  be  made  for  either  navigation  alone  or 
for  the  additional  purpose  of  a  water-power,  as  may  then  be  thought  best. 

It  is  believed  that  the  cost  would  not  materially  differ  in  the  two  cases. 

The  amount  of  water  required  in  the  canal  for  the  purposes  of  navigation  wUl  be 
about  as  follows :  *  • 

Cnbic  feet 
per  second. 

For  lockage 200 

For  filtration  and  leakage  168 

For  evajjoration 3 

Total 371 
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This  allows  a  lockfiil  of  water  every  ten  minntes,  a  filtration  and  leakage  of  10  cnbio 
feet  per  second  per  mile,  and  an  evaporation  of  .02  foot  in  twenty-four  hours. 

The  amount  lost  by  filtration  would  probably  much  exceed  the  above  during  the 
first  season,  but  after  a  certain  time  the  deposit  of  mud  upon  the  bottom  and  sides  of 
the  canal  would  greatly  diminish  the  loss  D*om  this  cause. 

The  slope  assumed  for  the  surface  of  the  water  is  .00002  of  the  length,  or  very  nearly 
1^  inches  in  a  mile. 

This  is  a  somewhat  greater  inclination  than  would  be  required  to  supply  the  quan- 
tity of  water  necessary  for  navigation,  and  allows  for  all  contingencies  ana  obstructions 
in  the  head  of  the  canal.  It  would  give  a  mean  velocity  of  skbout  1.2  feet  per  second 
in  a  straight  and  smooth  channel  of  the  section  proposed,  or  a  discharge  of  1,620  cubic 
feet  i>er  second.  In  the  proposed  canal,  however,  there  will  be  the  usual  obstructions 
to  the  flow  of  water,  resulting  from  the  accidental  irregularities  of  construction,  the 
abutments  and  piers  for  road-bridges  that  may  be  placed  within  the  water-line,  and 
especially  the  resistance  offered  by  anuatic  plants.  These,  with  the  smaU  loss  of  head 
due  to  curves,  will  probably  reduce  tne  mean  velocity  to  about  .75  foot  per  second,  or 
a  discharge  of  990  cubic  feet  per  second. 

The  canal  of  the  Connecticut  River  Company  has  been  very  much  obstructed  by  eel- 
grass,  which  grows  abundantly  upon  the  sides  and  bottom — so  much  so  that  a  special 
floating  steam  mowing-machine  has  been  provided  to  cut  it  at  intervals.  An  exam- 
ination of  their  canal  shows  that  this  grass  grows  to  a  depth  of  about  9  feet.  The 
proposed  canal  being  10  feet  deep,  it  is  thought  it  will  not  prove  so  troublesome. 
Whether  this  gra^  is  peculiar  to  the  locality,  I  am  not  aware. 

The  slope  of  the  canal  has  been  assumed  in  excess  of  the  probable  requirements  of 
navigation  to  provide  for  all  contingencies,  and  if  found  more  than  is  requisite,  the 
total  amount  is  so  small,  viz,  1.75  feet  in  the  whole  length  of  the  canal  from  Enfield 
Dam  to  East  Hartford,  that  it  can  be  varied  to  the  desired  extent  by  allowing  the 
water  to  rise  at  the  lower  end  and  fall  at  the  upper,  even  to  becoming  level,  without 
damage  to  the  canal. 

DIMENSIONS  OF  THE  CANAL. 

The  length  of  that  part  of  the  canal  around  Enfield  Rapids  which  is  embraced  in  the 
present  plan  is  23,000  feet,  or  4.36  miles. 

The  length,  as  stated  in  report  of  January  10,  1872,  wa«  4.83  miles,  but  the  changes 
at  the  lower  end  and  the  abandonment  of  the  locks  at  Warehouse  Point,  consequent 
upon  the  continuation  down  the  river,  shorten  it  about  half  a  mile. 

The  length  of  the  extension  at  present  proposed,  from  it*  junction  with  the  previous 
survey  in  the  village  of  Warehouse  Point  to  its  entrance  into  the  Hockaniim  River,  is 
65,700  feet,  or  12.44  miles.  About  1,800  feet  of  this  at  the  lower  end  is  occupied  by  the 
locks  and  intermediate  reaches. 

The  whole  length  of  the  canal,  frv>m  the  Enfield  Dam  to  the  Hockanimi,  is  therefore 
16.80  miles.  That  portion  of  the  Hockanum  River  which  it  is  proposed  to  dredge  out 
.is  about  2,800  feet  in  length.  This  is  to  be  deepened  t-o  8  feet  below  the  lowest  wat-er, 
and  to  have  a  bottom  width  of  150  feet,  with  slopes  of  1^  horizbntal  to  1  vertical.  It  is 
proposed  to  make  the  canal  150  feet  wide  at  the  water-line  and  10  feet  deep.  The 
slopes  of  the  excavations  and  embankments  are  estimated  at  1|  horizontal  to  1  vertical. 
This  slope  may  be  somewhat  varied  in  the  execution  of  the  work  if  ditt'erent  materials 
are  encountered  than  appears  uxH>n  the  surface. 

Upon  the  embankments  the  tow-path  is  intended  to  be  2  feet  above  the  surface  of 
the  water  and  10  feet  wide.  In  the  cuttings  a  berm  of  20  feet  is  allowed  at  the  tow- 
path  on  each  side.  This  is  for  the  purpose  of  allowing  room  for  ditches  and  a  short 
space,  with  a  flatter  slope  than  that  named  above,  at  the  foot  of  the  main  slope  and  at 
the  water's  edge. 

LOCKS. 

The  locks  of  the  canal  would  all  be  at  the  lower  end,  except  the  guard-lock  at  the 
upper  end,  as  proposed  for  the  canal  around  Enfield  Rapids  in  my  previous  report. 

The  total  fall  from  the  level  of  the  lower  end  of  the  canal  to  low-water  in  the  river 
i^ould  be  37.5  feet.  It  is  proposed  to  arrange  this  in  tliree  lifts,  the  two  up])er  ones  to 
be  11.5  feet  each,  and  the  lower  one  14.5  feet.  This  is  done  so  as  to  make  the  lifts  about 
equal  at  the  ordinary  summer  level  of  the  river. 

It  is  intended  to  make  the  locks  50  feet  wide  and  200  feet  in  length,  the  same  as  was 
prot>06ed  for  the  canal  anmnd  Enfield  Rapids.  They  are  to  have  8  feet  depth  of  water 
upon  the  miter-sills.  This  will  permit  the  passage  of  any  boats  that  would  be  likely 
to  navigate  the  Connecticut  River  above  Enfield  Rapids. 

The  masonry  of  the  gat>e-chaml)ers,  ouoins,  miter-sills,  and  coping  is  intended  to  be 
of  cut  granite,  with  the  side  walls  and  oacking  of  coursed  rubble,  all  laid  in  hydraulic 
cement  and  grouted. 

The  lock-gates  are  supposed  to  be  of  the  ordinary  construction,  with  white-oak  tim- 
bers and  pine  sheathing,  and  to  be  opened  and  closed  by  capstans. 
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BRIDGES. 

It  is  propoHed  to  make  the  faces  of  the  abntinents  of  the  bridges  in  line  with  the 
sidea  of  the  bottom  of  the  canal,  or  120  feet  apart,  and  to  place  a  circular  pier  in  the 
middle  of  the  water- way,  so  as  to  allow  a  swiug-bridKe  with  clear  openings  of  at  least 
50  feet  on  each  side  of  the  central  pier  to  span  the  whole  canal.  The  abutments  and 
piers  are  intended  to  be  of  conrsed  freestone-mbble,  with  comers  and  bridge-seats, 
naviug  cut  beds  and  bnilds.  The  bridges  are  intended  to  be  of  iron ;  those  for  the  main 
roads  20  feet  wide,  and  those  for  the  farm-crossings  10  feet  wide  and  correspondingly ' 
lighter. 

ARCHES  AND   CULVERTS. 

At  the  crossings  of  the  large  streams  it  is  proposed  to  carry  them  under  the  canal 
through  arches,  as  follows: 

At  the  Scantic  River,  two  20-foot  arches. 

At  the  Podunk  River,  one  20-foot  arch. 

At  8toughton'8  Brook,  one  10-foot  arch. 

At  Boyle's  Brook,  one  10-foot  arch. 

At  Prior's  Creek,  one  6-foot  arch. 

At  Station  103,  one  6-foot  arch. 

These  arches  are  to  have  the  abutments,  wings,  and  backing  of  coursed  freestone- 
nibble  with  cut-stone  comers,  coping,  and  arched  courses.  The  smaller  streams  are 
carried  through  the  embankment  under  the  canal  by  box-culverts,  varying  from  2^  to 

5  feet  opening. 

WASTE-WEIRS  AND  RETAININO-WALLS. 

The  masonry  of  the  waste-weirs  is  to  be  of  rubble  with  cut  comers,  similar  to  that 
described  for  the  bridge  abutments. 

The  retaining- walls  at  the  ends  of  the  locks,  and  other  places  where  necessary,  are 
to  be  built  of  rubble-masonry. 

KATERIALS, 

The  material  encountered  in  the  excavation  is  mostly  a  clayey  loam,  from  the  village 
of  Wai-ehouse  Point  down  to  the  Scantic  River,  a  distance  of  about  five  miles,  after 
which  it  l>ecomes  more  sandy,  and  for  a  long  distance  at  the  lower  end  of  the  route  it 
is  almost  a  pure  sand.  It  is  proposed  to  make  the  embankments  entirely  of  the  material 
excavated,  and  to  build  them  up  in  layers  slightly  concave,  in  preference  to  making 
puddled  walls  in  the  interior,  even  where  the  material  is  entirely  sand.  The  expedi- 
ent of  a  central  |>uddled  wall  in  an  embankment  of  porous  materials  has  been  shown 
to  be  of  exceedingly  doubtful  value,  and  it  is  believed  that  the  best  modem  engineer- 
ing practice  is  to  make  the  whole  embankment  of  uniform  material  in  the  manner 
proposed.  Canals  formed  even  in  very  porous  ground,  like  coarse  gravel,  soon  Iwjcome 
tight  from  the  deposit  of  silt  from  tfie  water.  The  wastage  that  might  occur  from 
filtration  during  the  first  year  or  more,  in  a  canal  constructed  as  proposed,  would  be 
of  little  importance,  as  there  would  be  an  amx)le  supply  of  water  and  a  sufficient  slope 
to  maintain  its  depth  iu  the  canal. 

The  stone  for  all  the  rubble-masonry  can  be  obtained  in  the  vicinity.  The  cut  blocks 
of  freestone  for  the  comers  and  coping,  and  for  the  voussoirs  of  the  arches,  will  prob- 
ably be  best  obtained  firom  the  quarries  at  East  Windsor,  where  blocks  of  any  desired 
size  and  excellent  quality  can  be  pwicured. 

The  granite  used  in  the  locks  will  have  to  be  brought  from  Munson,  Mass.,  or  West- 
erly, R.  I.,  at  both  of  which  places  there  are  excellent  quarries.  The  latter  place  is 
probablv  the  best  and  easiest  of  communication. 

The  timber  for  the  lock-gate,  weirs,  &c.,  can  be  best  obtained  in  Vermont  and  New 
Hampshire,  and  brought  down  by  railroad  to  where  it  is  to  be  used.  It  cannot  at  the 
present  time  be  rafted  down  the  river  from  above  Holyoke. 

The  iron-work  for  the  bridges  and  locks  can  be  obtained  at  Springfield  and  Hart- 
ford, where  there  are  extensive  works,  and  transported  by  water  to  near  where  it  is  to 
be  used  on  the  river. 

ALTERATIONS  IN  THE  ENFIELD  RAPIDS  CANAL. 

In  my  report  upon  the  canal  around  Enfield  Rapids  of  January  lO,  1872,- a  depth  of 

6  feet  upon  the  miter-sills  of  the  locks  was  recommended.  This  was  in  view  of  its  ex- 
tending down  only  as  far  as  the  village  of  Warehouse  Point  and  entering  the  river  at 
that  place.  Tlie  depth  was  thus  limited,  as  it  was  not  thought  practicable  to  improve 
the  natural  bed  of  tne  river  between  that  point  and  Hartford  so  as  to  maintain  more 
than  the  above-named  depth  of  water  in  the  channel. 
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A  greater  depth  in  the  caoal  would  likewise  make  a  jhnch.  greater  amount  of  rock 
excavation  at  the  head  of  the  canal  near  the  Enfield  Dam,  and  alao  at  the  foot,  where  it 
.enters  the  river  at  Warehouse  Point.  If  the  canal  is  to  be  continued  to  Hartford,  I 
would  recommend  that  the  upper  pail  be  made  of  the  same  depth  as  is  now  proposed 
for  the  lower  part,  viz,  8  feet  deep  upon  the  miter-sills,  and  the  canal  10  feet  deep. 
A  great  part  of  the  pre\iously  proposed  canal  is  embanked  from  the  river-bed  and  is 
sufficiently  deep.  A  little  extra  work  will  be  required  in  the  cuttings  and  in  the  rock 
excavation  at  tne  upper  end.  The  rock  at  the  lower  end  will  be  avoided.  These  addi- 
•  tions  will  be  made  to  the  estimate.  There  will  also  be  required  a  little  more  masonr>' 
in  the  guard-lock,  and  some  extra  work  on  the  gates,  which  is  also  provided  for  in  the 
estimate. 

The  alterations  at  the  lower  end  will  save  some  work,  which  becomes  unnecessary 
on  account  of  commencing  the  new  canal  about  half  a  mile  back  from  the  terminus  of  the 
old  survey;  viz,  the  excavation  from  the  point  of  junction  to  the  river;  the  rock  exca- 
vation in  the  bed  of  the  river  to  make  a  cnannel  from  the  lower  lock  out  to  the  river- 
channel  ;  also  the  masonry,  puddling,  and  gates  in  the  three  locks. 

These  are  deducted  in  making  the  total  estimates  for  the  whole  length  of  the  canal. 

EgUmate  from  Warehouse  Point  to  Hartford. 

1,862,000  cubic  yards  earth  excavatibn,  at  30  cents  per  yard $558, 600 

9,430  cubic  yards  foundation,  at  60  cents  per  yard 5, 658 

98,000  cubic  yards  dredging  in  Hockanum  River,  at  40  cents  per  yard 39, 200 

2,500  cubic  yards  clay  puddling,  at  |1.50  per  yard 3,750 

720  cubic  yards  cut  stone  in  first  lock,  at  $20  per  yard 14, 400 

3,830  cubic  yards  rubble  in  first  lock,  at  $12  per  yard 4r ,  960 

695  cubic  yards  cut  stone  in  second  lock,  at  $20  per  yard 13,  900 

3,370  cubic  yards  rubble  in  second  lock,  at  $12  per  yard ...  40, 440 

695  cubic  yards  cut  stone*  in  third  lock,  at  $20  per  yard 13,  %0 

3,370  cubic  yards  rubble  in  third  lock,  at  $12  per  yard 40, 446 

2,555  cubic  yards  arch-masonry,  at  $18  per  yard 45, 990 

100  cubic  yards  cut  stone  in  arch  abutments,  at  $16  per  yard 1,  600 

4,575  cubic  yards  rubble  in  arch  abutments,  at  $12  per  yard 54, 900 

280  cubic  yards  cut  stone  in  bridge  abutments,  at  $16  per  yard 4,  480 

2,600  cubic  yards  rubble  in  bridge  abutments,  at  $12  per  yard 31, 200 

40  cubic  yards  cut  stone  in  three  waste-weirs,  at  $16  per  yard 640 

200  cubic  yards  rubble  in  three  waste-weirs,  at  $12  per  yai-d 2, 400 

3,260  cubic  yards  culvert-masonry,  at  $10  per  yard 32,600 

2,500  cubic  yards  retainiug-walls,  at  $8  per  yard 20,000 

2,700  cubic  yards  concrete,  at  $5  per  yard 13,500 

6  pairs  lock-gates 19,000 

3  waste-weirs 1,500 

Superstructure  for  6  swing  road-bridges 48,  000 

Superstructure  for  6  swing  farm-bridges 28,800 

Coffer-dams,  &c 6,000 

Land  damages,  twelve  and  a  half  miles,  at  $20,000  per  mile 250^  000 

Engineering  and  contingencies,  10  percent 133,686 

Total 1,470,544 

Additional  cost  in  canal  around  Enfield  Rapids,  10  feet  deep  and  8  feet  on  tniter-sills  of  locks, 

5,500  cubic  yards  rock  excavation  above  dam,  at  $5 $27, 500 

17,800  cubic  yards  rock  excavation  below  dam,  at  $5 89,  000 

164,000  cubic  yardsearth  excavation,  at  35  cents 57,  400 

31  cubic  yards  cut  stone,  extra,  in  guard-lock,  at  $20 620 

695  cubic  yanls  rubble,  extra,  in  guard-lock,  at  $12 8,  340 

Extra  on  lock-gates 350 

Total 183,210 

Amount  saved  from  former  estimate  for  canal  around  Enfield  Rapids  by  alteration, 

2,500  cubic  yards  earth  excavation,  at  35  cents $8,750 

5,500  cubic  yards  rock  excavation,  at  $5 27,  500 

l,9.'i5  cubic  yards  cut-stone  mascmry  in  locks,  at  $20 3H,  700 

8,860  cubic  yanls  rubble  in  locks,  at  $12 106,320 

1,200  cubic  yards  retaining-walls,  at  $8 9,600 

1,5(K)  cubic  yards  concrete,  at  $5 7,  500 

1,200  cubic  yards  clay  puddling,  at  $1.50 1,800 

6  pair  lock-gates 16,875 

Total 217,045 
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Total  wHfMtte  from  Enfield  Dam  to  Hartford. 

Total  cost  of  canal  from  Enfield  Dam  to  Warehoime  Point $869, 636 

Add  for  increased  cost  in  making  it  10  feet  deep  and  8  feet  on  miter-sills  of 
locks 183,210 

1,  052,  846 
Less  amount  saved  at  lower  end 217,045 

Revised  cost 835,801 

Cost  of  canal  from  Warehouse  Point  to  Hartford 1, 470, 544 

Total,  Enfield  Dam  to  Hartford 2,306,345 

List  of  hench-fnark&S^hts  from  0  of  Hartford  gauge. 

Top  of  southwest  comer  of  abutment  of  railroad-bridge  at  Warehouse  Point..  61. 900 
The  northwest  comer  of  bridge-seat  of  southerly  abutment  of  iron  bridge  over 

the  Scantic  River 26.839 

Bench-mark  cut  on  large  elm-tree  on  west  side  of  T,  Deming's  collar-shops,  in 

East  Hartford 32,663 

Tops  of  stone  foundation  at  northeast  comer  of  house  on  southwest  comer  of 

Warwarme  avenue  and  Van  Dyke  avenue,  in  Hartford 31.540 

Zero  of  gauge-board  at  Hartford  toll-bridge 000 

This  report  is  accompanied  by  a  map  of  the  survey,  on  two  sheets,  showing  the  loca- 
tion of  the  proposed  canal. 

Reference  is  also  made  to  the  map  of  the  proposed  improvements  around  Enfield 
Rapids,. aud  the  accompanying  report  of  January  10, 1872. 
Respectfully  submitted. 

Theo.  G.  Ellis, 

Civil  Engineer, 
Mig.  Gen.  G.  K.  Wabrex, 

Major  United  States  Engineers," 

THE  SURVEY  OF  THE  RIVER  ABOVE  THE  RAPIDS. 

In  the  latter  part  of  the  summer  of  1872  a  general  survey  of  the  river  above  Hart- 
ford was  commenced,  with  a  view  of  coimecting  and  completing  the  detached  portions 
already  surveyed,  and  to  obtain  a  full  knowledge  of  the  regimen  of  the  river,  m  order 
that  any  further  improvement  might  be  made  part  of  a  general  system  which  should 
include  that  part  of  the  river  between  Hartford  and  Holyoke. 

Tliis  survey  was  continued  during  the  season  of  1873,  and  in  the  summer  of  1874  a 
series  of  experiments  upon  the  flow  aud  volume  of  discharge  was  made  at  Thompson- 
ville,  Conn.,  primarily  with  a  view  to  determine  the  volume  pacing  Hartford  at  clitter- 
ent  stages,  as  a  series  of  gauge-readings  had  been  taken  there  for  some  years  in  con- 
nection with  previous  surveys. 

The  first  or  partial  report  of  this  work  was  made  in  July,  1874,  as  follows : 

Haktford,  Conx.,  July  6,  1874. 

Gknkral  :  In  compliance  with  directions  received,  I  transmit  a  preliminary  report 
of  the  sur>'ey  of  the  Connecticut  River  from  Hartford  to  Holyoke. 

The  8ur\'ey  of  the  Connecticut  River  between  Hartford  and* Holyoke  was  commenced 
in  the  latter  part  of  August.  1872,  by  a  small  party  under  Mr.  William  F.  Dyer,  civil 
enijineer,  who  started  the  field-work  at  Holyoke  and  continued  down  the  river  to  near 
Chicoi)ee  Village.  Work  was  suspended  in  the  latter  part  of  October  of  that  year,  and 
a  plot  was  made  of  the  work  then  completed. 

The  survey  was  resumed  early  in  April,  1873,  and  two  field  parties  were  employed 
upon  the  work. 

One,  under  Mr.  William  F.  Dyer,  civil  engineer,  continued  the  field  work  down  to 
Enfield  Dam ;  and  another,  under  Mr.  Charles  L.  Burdett,  civil  engineer,  made  the 
surveys  fi-om  Enfield  Dam  to  Hartford. 

The  survey's  were  continued  during  the  season  until  suspended,  about  the  1st  of 
October,  when  the  field-work  was  mostly  completed.  In  October  and  November 
borings  were  ma^le  in  the  bed  of  the  river  at  several  points  between  Hartford  and 
Holyoke  to  determine  the  depth  of  the  rock. 

Baring  the  past  winter  the  maps  and  drawings  have  been  completed  by  Mr.  Burdett, 
Mr.  Dyer,  Mr.  Burnett,  and  Mr.  Curtis. 

During  the  present  season  observations  have  been  taken  by  a  field  party  under  Mr. 
Burdett  to  determine  the  discharge  of  the  Connecticut  and  the  streams  entering  into 
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it  between  Hartford  and  Holyoke.  These  observations  are  not  yet  completed,  owing 
to  the  continued  high  water.  The  gauging  of  the  Connecticut  has  been  mainly  done 
at  a  point  Just  above  Thompson ville.  Accurate  gauging  cannot  be  done  at  low  stages 
of  the  river  below  Enfield  Rapids  on  account  of  the  tides. 

METHOD  OF  MAKING  THE  SURVEYS. 

The  method  adopted  in  making  this  survey  has  been  to  run  a  base-line  on  each  side 
of  the  river,  and  connect  all  the  angles  by  a  system  of  trian^lation.  The  instruments 
used  were  Gurley  transits  rea<ling  to  minutes.  By  repetition,  the  angles  were  deter- 
mined to  the  nearest  10  seconds. 

The  shore-lines  of  the  river  and  the  details  of  the  topography  were  connected  by 
angles  and  measurements  to  the  base-lines.  All  side  surveys  of  roads,  &c.,  were  made 
by  running  transit-lines  by  angles  and  distances  from  the  base-lines. 

Soundings  across  the  river  were  taken  at  intervals  of  400  feet,  and  in  the  vicinity  of 
bars  and  shoals  at  shorter  intervals,  generally  100  feet,  and  reduced  to  the  lowest  stage 
of  water.  These  soundings  were  made  from  boats  rowed  directly  across  the  river, 
keeping  in  range  with  poles  set  upon  the  banks,  generally  at  right  angles  to  one  of 
the  base-lines.  Tlie  points  where  these  ranges  cut  the  base-lines  were  accurately 
fixed,  and  the  boat  was  rowed  as  uniformly  as  possible  from  shore  to  shore.  The  dis- 
tance of  the  first  sounding  from  the  shoi-e  was  noted  and  the  intermediate  one«  were 
equally  spaced.  They  were  taken  at  equal  intervals,  measured  by  a  certain  number  of 
stn>kes  of  the  oars,  which  has  been  found  to  give  better  results  than  equal  intervals 
of  time. 

Sections  across  the  whole  valley  at  distances  of  from  1,200  to  2,000  feet  apart  were 
carefully  leveled  over,  all  intersections  with  roads,  streams,  &c.,  being  noted,  and  the 
intervening  topography  carefully  sketched  in,  witn  angles  to  the  more  prominent  ob- 
jects. 

Levels  were  taken  to  all  the  high  and  low  water  marks  that  could  be  found  and 
were  considered  reliable,  with  the  date  of  the  freshet. 

An  attempt  was  also  made  to  locate  the  crests  of  all  the  bars,  by  means  of  microme- 
ter hairs  in  a  transit  telescope  and  a  rod  used  as  a  telemeter.  Whenever  there  was 
found  a  distinct  and  perceptible  crest  it  has  been  located  upon  the  maps ;  but  in  many 
cases  there  appeared  to  be  no  distinct  continuous  crest  presenting  the  characteristic 
steep  slope  upon  the  lower  side  penerally  seen  in  river-oars,  giving  them  rather  the 
character  of  shoals  than  proper  river-bars,  which  are  formed  from  the  material  carried 
along  the  bottom  by  the  current.  It  may  be  here  remarked,  that  all  the  bars  upon  the 
river  below  Hartford,  as  well  as  those  between  Enfield  Dam  and  Holyoke,  are  of  the 
shoal  form,  and  do  not  present  the  steep  lower  side  above  referred  to. 

The  discharge  of  the  smaller  streams  running  into  the  Connecticut  has  been  mainly 
obtained  by  computing  the  greatest  and  least  quantities  flowing  over  the  dam  nearest 
to  the  mouth  of  the  stream,  together  with  what  is  used  by  the  factories.'  The  greatest 
amounts  were  most  easily  obtained,  and  are  the  most  reliable,  as  there  is  generally  a 
good  record  of  the  highest  point  to  which  the  water  has  risen  u}H)n  the  dam.  The 
least  quantity  is  often  indeterminate,  as  the  water  is  frequently  held  back  and  stored 
in  ponds  above,  so  that  during  a  portion  of  the  time  no  water  at  all  runs  in  the  bed  of 
the  stream.  The  factories  then  get  no  water  until  those  above  on  the  same  stream  are 
started.  In  such  cases  an  estimate  has  been  made  of  the  amount  of  water  used 
by  the  water-wheels  at  the  lowest  stage  during  running  hours,  and  this  quantity 
taken  for  the  discharge  in  twenty-four  hours.  When  no  other  method  presented, 
the  best  possible  estimate  was  made  from  the  character  of  the  stream.  The  mean  dis- 
charge has  l)een  mainly  obtained  from  the  drainage  area  of  each  stream,  as  nearly  as 
can  be  ascertained  from  maps.  Five^ighths  of  the  average  amount  of  rain-fall  has 
been  taken,  as  it  has  been  found  by  comparing  the  approximate  discharge  of  the  Con- 
necticut with  the  average  annuad  amount  of  rain-fall  that  about  that  proportion 
passes  off  through  the  river. 

DESCRIPTION  OF  THE  RIVER. 

The  river  between  Hartford  and  Holyoke  can  be  divided  into  tliree  characteristic 
sections : 

1st.  From  Holyoke  to  Enfield  Dam,  a  distance  of  18.4  miles,  in  which  the  surface  at 
low- water  has  a  very  slight  inclination  and  the  water  is  generally  deep  and  w^ith  a 
slow  current. 

2d.  From  Enfield  Dam  to  the  foot  of  Enfield  Rapids,  a  distance  of  5^  miles,  in  which 
the  water  flows  over  a  rocky  l)ed  of  steep  inclination. 

3d.  From  the  foot  of  Enfield  Rapids  to  Hartford,  a  distance  of  10.9  miles,  in  which 
the  river  runs  over  a  sandy  bottom  tlirough  an  alluvial  formation  with  an  inclination 
greater  thau  that  above  Enfield  Dam,  but  still  to  a  certain  extent  navigable. 

At  the  upper  end  of  the  8ur\'ey  the  river  flows  over  Holyoke  Dam,  a  substantial 
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Btractnre  of  timber  built  npon  the  bed-rock  of  the  river,  having  an  average  height  of 
about  30  feet. 

The  main  body  of  the  dam,  which  waA  built  in  1849,  consiHts  of  a  cob- work  of  square 
timbers  brought  up  in  layers.  The  timbers  lying  lengthwise  with  the  current  slope 
back  upstream  at  an  angle  of  2^  horizontal  to  1  vertical ;  they  are  laid  alternately 
with  intermediate  layers  of  horizontal  timbers  across  the  stream,  and  the  whole  is 
filled  in  solid  with  stone. 

In  1809,  the  rock  in  front  of  the  dam  having  been  excavated  to  a  depth  of  25  or 
30  feet  by  the  force  of  the  overflow,  a  cob-work  50  feet  wide,  forming  an  apron,  was 
added  to  the  dam  to  strengthen  it.  It  is  composed  of  round  timliers  6  feet  apart,  with 
the  interstices  tilled  with  stone.  The  abutments  and  gates  are  of  good  workmanship, 
but  are  not  sufficiently  high,  and  are  in  danger  from  this  cause ;  the  wat.er  in  1862 
having  risen  above  tlie'masonry.  Below  the  dam  the  river  forms  a  rapid  for  about  2 
miles  down  to  just  below  the  railroad-bridge  at  WiUimansett ;  the  wnole  fall  being 
about  58  feet. 

Boats  formerly  ascended  this  rapid  to  the  villages  of  Holyoke  and  South  Hadley, 
through  an  artificial  channel  at  the  lower  end,  near  the  west  bank,  and  passed  through 
the  South  Hadley  Falls  Canal,  which  has  now  fallen  into  ruins,  not  having  been  used 
for  many  years. 

The  river,  over  the  rapids,  runs  between  high  banks  and  spreads  out  very  little  over 
meadows  at  high-water  until  it  reaches  the  mouth  of  Chicopee  River.  It  then  over- 
flows the  meadows  at  high-water,  or  when  it  rises  to  a  little  more  than  half  the  height 
of  extreme  freshets,  nearly  the  whole  distance  down  to  a  point  about  2  miles  above 
Thompscmville.  There  are  contractions  of  the  banks  at  Chicopee  bridge,  Springfield, 
and  Pecowsic,  but  for  no  great  distance. 

From  the  point  about  2  miles  above  Thompsonville  to  Enfield  Dam,  a  distance  of 
2f  miles,  the  river  is  conflned  between  its  banks  at  all  stages  of  the  water,  and  this 
part  ]>resent8  the  most  available  place  for  gauging  the  volume  of  the  stream. 

Enfield  Dam  is  a  low  structure  at  the  head  of  the  rapids,  and  is  open  in  the  middle 
for  155  feet,  which  was  intended  originally  to  allow  vessels  and  fish  to  pass ;  but  this 
space  has  been  filled  in  with  stone  to  such  an  extent  as  to  prevent  the  passage  of  boats. 
From  the  foot  of  the  rapids  below  Holyoke  to  Enfield  Dam  there  is  good  navigation, 
•  with  over  7  feet  of  water  in  the  channel,  except  at  the  flats  near  the  mouth  of  Chico- 
pee River  and  at  Longmea<low  Flats,  about  half-way  between  Springfield  and  Thomp- 
sonville. At  the  former  place  there  is  but  4  feet,  and  at  the  latter  a  little  less  than 
3  feet  at  ex'treme  low- water. 

These  shoals  do  not  appear  to  have  the  same  formation  as  the  bars  in  some  of  the 
more  rapid  portions  of  the  stream,  and  do  not  present  the  shar|>  and  well-<lefined  crest 
which  18  produced  in  river-bars  by  the  motion  of  the  sand  along  the  bottom.  They 
seem  to  be  simply  flats  formed  bv  the  widening  of  the  bed  of  the  river  between  the 
onlinary  banks.  This  is  particularly  the  case  at  Longmeadow,  where  the  bed  of  the 
river  at  low- water  is  2,000  feet  wide'  and  keeps  nearly  this  width  for  about  a  mile. 

The  bed  of  the  stream,  from  Holyoke  Dam  down  as  far  as  the  foot  of  the  rapids 
below  WiUimansett  bridge  is  mostly  rock.  From  that  point  to  Springfield  it  is  mainly 
sand  and  gravel.  For  2  miles  below  Springfield  it  has  a  more  iiniddy  character,  with 
a  point  of  rock  cropping  out  near  Pecowsic.  From  2  miles  below  Springfield  to  near 
Thompsonville  the  bottom  is  again  sand  and  gravel,  and  from  this  last  point  to  Enfield 
Dam  the  bottom  is  rock. 

AcroflS  this  jiortion  of  the  river  between  Holyoke  and  Enfield  Dam  are  the  following 
bridges : 

A  wood  and  iron  truss-bridge  at  Holyoke,  for  highway,  1,600  feet  long,  consisting  of 
ten  spans  of  160  feet  each. 

A  wocMlen  truss-bridge  between  WiUimansett  and  Holyoke,  upon  the  Connecticut 
River  Railroad,  750  feet  long,  with  l^ve  spans  of  150  feet  each. 

A  wooden  truss-bridge  at  Chicopee,  for  highway,  1,190  feet  long,  having  seven  spans 
of  170  feet  each. 

An  iron  railroad-bridge  at  Springfield,  1,260  feet  long,  consisting  of  seven  spans  of 
180  feet  each. 

A  wo<Mlen  truss-bridge  for  highway,  at  Springfield,  1,200  feet  long,  with  six  spans  of 
100  feet  each  and  three  spans  of  200  feet  each. 

These  bridges  are  all  built  upon  stone  piers ;  they  are  but  little  above  the  highest 
water  and  have  no  draws. 

There  is  a  wire-rope  ferry  at  WiUimansett,  just  below  Holyoke,  and  steam-ferries 
just  below  Springfield,  at  Pecowsic,  and  at  Thompsonville. 

From  Holyoke  to  Chicopee  the  average  width  of  the  river  at  low-water  is  about  800 
feet. 

From  Ch  :cop€^  to  Snringfield  the  average  width  is  about  1,000  feet,  and  from  Spring- 
field to  Enfield  Dam  the  average  is  about  1,400  feet,  at  low-water. 

In  high  freahets  the  river  remains  within  its  banks  down  to  the  mouth  of  the  Chico- 
pee, but  then  spreads  out  over  the  meadows,  overflowing  its  banks  and  backing  up  the 
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channels  of  the  Chicopee  and  Westfield  Rivers^  covering  the  low  land  in  many  places 
for  over  a  mile  in  width. 

There  is  at  the  present  time  no  navigation  aronnd  Holyoke  Dam.  Locks  of  16  hy  80 
feet  are  provided  in  the  canals  of  the  Holyoke  Company  as  far  as  they  are  completed, 
and  as  this  company  has  assumed  the  franchise  of  the  old  South  Hiidley*  Falls  Com- 
pany they  would  probably  extend  the  locks  to  the  foot  of  the  falls  if  required  by  navi- 
gation. 

Tlie  Enfield  Rapids  extend  from  Enfield  Dam  down  the  river  about  five  and  a  quarter 
miles,  the  stream  dividing  at  one  place,  about  midway  of  the  rapids,  into  two  branches 
around  Ling's  Island. 

The  bed  is  rough  and  rocky,  and  the  nver  runs  between  high  banks.  Around  these 
rapids  is  the  canal  of  the  Connecticut  River  Company,  mostly  used  at  the  present  time 
as  a  water-power;  but  it  is  provided  with  locks  19  feet  in  width  and  90  feet  between 
quoins,  through  which  there  is  still  some  navigation,  although  the  small  size  of  the 
locks  prevents  the  passage  of  such  boats  as  are  used  for  freighting  on  the  lower  por- 
tion of  the  river. 

There  are  two  bridges  over  these  rapids,  one  at  Enfield,  about  950  feet  long,  extend- 
ing over  the  river  and  canal,  in  six  spans  of  irregular  length.  Tliis  is  an  old  and  dilap- 
idated wooden  structure.  The  other  is  the  iron  railway-bridge  over  the  river  and 
canal  at  Warehouse  Point,  consisting  of  one  span  of  177  leet,  twelve  spans  of  88^  feet, 
one  span  of  140  feet,  one  span  of  77  feet,  one  of  43  feet,  ana  one  of  i^  feet ;  in  all, 
l,524i  feet. 

There  is  also  a  flying  ferry  between  Windsor  Locks  and  Warehouse  Point.  The 
average  width  of  this  part  of  the  river  is  about  1,100  feet. 

For  a  more  particular  description  of  this  part  of  the  river,  I  would  respectfully  refer 
to  my  special  report  upon  the  improvement  of  these  rapios,  dated  January  10,  1872. 
(See  Annual  Report  for  1872,  p.  840.) 

From  the  foot  of  Enfield  Rapids  to  Hartford  the  river  has  a  steeper  slope  than  above 
the  dam  at  Enfield,  and  has  in  consequence  a  somewhat  different  character.  Although 
it  receives  a  considerable  accession  of  volume  frt)m  the  Scantic  and  Farmington  Rivers, 
the  channel  is  shoaler  and  the  cross-section  smaller  than  above  the  rapids,  owing  to 
the  greater  velocity  of  the  current. 

The  bars  also  are  generally  of  a  different  character  from  those  above,  presenting  a  • 
flat  slope  upstream,  and  a  steep  declivity  downstream,  with  a  well-defined  crest,  as 
usually  seen  in  rivers  with  a  sandy  bottom  and  considerable  current. 

This  part,  of  the  river,  below  Red  Hill,  nearly  opposite  the  foot  of  the  canal  at  Wind- 
sor Locks,  flows  wholly  through  an  alluvial  formation.  The  banks  appear  to  be  nearly 
permanent  down  as  far  as  the  mouth  of  the  Scantic  River,  from  which  point  down- 
ward they  are  washing  and  caving  off  to. some  extent.  For  about  two  miles  above  the 
railroad-bridge  at  Hartford  they  are  washing  very  badly ;  in  some  places  losing  prob- 
ably 30  or  40  feet  in  a  year. 

Between  Hartford  and  the  lower  end  of  the  canal  of  the  Connecticut  River  Company 
at  Enfield  Rapids  there  is  a  navigable  channel,  with  a  minimum  dejjth  of  about  4  feet 
of  wat<»r,  except  upon  the  bars.    There  are  five  bars  upon  this  portion  of  the  river,  viz : 

Scantic  Bar,  at  the  mouth  of  the  Scantic  River,  seven  and  a  half  miles  above  Hart- 
ford, with  2.4  feet  of  water  at  the  lowest  water  as  the  bed  of  the  river  now  is. 

Strong's  Island  Bar,  six  and  a  half  miles  above  Hartford,  with  2.5  feet  at  the  lowest 
water. 

Farming^n  or  Tunxls  River  Bar,  five  and  a  half  miles  above  Hartford,  with  2.4  feet 
at  the  lowest  water. 

Barber's  Landing  Bar,  three  and  two-thirds  miles  above  Hartford,  with  iV  ^oot  of 
water  at  the  time  of  the  survey  in  July,  1873.  Dredging  was  done  here  immediately 
after,  which  increased  the  depth  to  2^  feet. 

Higley's  Point  Bar,  one  and  three-quarters  miles  above  Hartford,  upon  which  there 
are  2.7  feet  at  the  lowest  water. 

The  first  three  of  the  above-named  bars  were  improved  by  the  United  States  Grovem- 
ment  in  the  year  1871,  by  the  construction  of  wing-dams,  as  shown  on  the  maps.  They 
were  built  of  riprap,  and  are  now  in  a  good  state  of  preservation.  In  the  summer 
preceding  the  building  of  these  wing-dams  the  depth  on  Scantic  Bar  was  1.2  feet ;  on 
Strong's  Island  Bar,  1.3  feet,  and  on  Farmington  River  Bar,  1.5  feet.  It  will  thus  be 
seen  that  they  have  materially  benefited  the  channel.  At  Barber's  Landing  Bar,  in 
the  same  season,  the  depth  was  one  foot,  or  about  what  we  find  it  by  the  present  sur- 
vey. The  bed  of  the  river,  from  the  foot  of  the  rapids  to  Hartford,  is  sand  and  gravel. 
No  rock  appears  at  the  surface,  although  in  some  places  it  must  be  quite  near  it,  as 
shown  by  tne  borings.  The  width  of  the  bed  of  this  portion  of  the  river  averages 
about  1,400  feet.  At  Hartford  the  banks  are  much  contract<»d^  being  only  about  600 
feet  wide  opposite  the  New  York,  New  Haven  and  Hartford  Railroad  freight-house. 

At  the  lowest  stages  of  water,  upon  this  section  of  the  river  large  sand-banks  ap^Htar 
upon  the  sides  of  the  stream  within  the  bed,  so  that  the  width  for  a  great  part  of  the 
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distance  is  reduced  to  about  one-half  of  the  width  of  the  hed  between  the  ordinary 
banks.     In  some  places  it  is  only  500  or  600  feet.     . 

In  times  of  the  iiighest  freshets  the  water  overflows  the  meadows  on  either  side  and ' 
spreads  out  in  some  places  to  a  width  of  one  and  a  half  miles^  and  has  an  average 
width  of  about  one  mile.  Near  the  mouth  of  the  Hockanum  River  there  is  a  very  de- 
cided contrac:tion  of  the  high-water  section,  caused  by  the  embankment  running  to 
the  ferry  on  the  west  side  of  the  river,  the  extreme  width  at  this  place  being  1,900 
feet. 

Just  below  Hartford  there  is  a  shoal  called  Hartford  Bar,  upon  which  there  is  a  lit- 
tle over  6  feet  at  extreme  low  water.  This  was  improved  in  1871  by  building  a  wing- 
dam  of  piling  about  650  feet  long  from  the  west  bank,  and  by  dredging  in  1871  and 
1873.  The  wing-dam  appears  to liave  but  little  influence  upon  the  depUi  of  water  in 
the  channel,  and  the  efifect  of  the  dredging  is  but  temporary ;  it  benefits  the  channel, 
for  one  or  two  seasons  only.  The  wing-dam  is,  however,  very  important  in  protecting 
the  bank  from  washing. 

There  are  two  bridges  upon  this  part  of  the  river,  both  at  Hartford.  One  is  the 
wooden  truss-bridge  of  the  Hartford,  Providence  and  l^shkill  Railroad  1,200  feet  long, 
with  seven  spans  of  160  feet  each  and  a  draw  at  the  east  end  with  a  clear  opening  of 
47  feet.  The  other  is  the  Hartford  toll-bridge,  an  old  dilapidated  wooden  truss,  in . 
which  subsequent  additions  barely  support  the  original  structure.  It  is  960  feet  long, 
having  five  spans  of  165  feet  each)  one  span  of  100  feet,  and  a  draw  at  the  west,  end  of 
17  feet  clear  opening.  This  latter  bridge  has  a  causeway  leading  to  it  across  the 
meadow  upon  the  East  Hartford  side,  with  openings  to  increase  the  water-way.  The 
railroad-bridge  has  a  trestle-work  on  piling  across  the  overflowed  meadows. 

About  one  and  one-half  miles  below  the  central  part  of  Hartford,  at  the  lower  end  of 
the  dike,  is  a  steam  ferry  running  to  the  lower  part  of  East  Hartford.  There  is  also  a 
swing  ferry  at  the  mouth  of  the  ecantic  River  between  Windsor  and  East  Windsor. 

TIDES. 

The  lower  part  of  the  Connecticut  River  is  affected  by  the  tide  from  Long  Island 
Sound.    At  Hartford  the  fluctuations  are  very  irregular,  being  modified  and  sometimes 
entirely  neutralized  by  the  wind.    They  are  generally  perceptible  when  the  water  is . 
below  5  feet  at  Hartford. 

At  the  lowest  water  in  summer  the  tides  are  more  regular  and  average  about  10 
inches  in  range.  The  effect  of  the  tides  at  low-water  is  not  generally  noticeable  at  the 
mouth  of  the  Scantic  River,  seven  and  one-half  miles  above  Hartford,  although  very 
high-tides  at  low-water,  with  a  strong  southerly  wind,  are  perceptible  up  to  the  foot 
of  the  rapids  at  AVindsor  Locks. 

THE  SLOPE  OF  THE  RIVER. 

The  height  of  Holyoke  Dam  at  the  ends  is  97.60  fe«t  above  low-water  mark  at  Hart- 
ford toll-bridge.  The  dam  is  lower  at  intermediate  points,  so  that  at  low  stages  all  the 
water  is  di.scharged  at,  or  perhaps  below,  this  level  over  the  central  part  of  the  dam. 
The  low- water  slope  of  the  surface  in  the  following  table  commences  at  the  above 
height  as  the  water  flows  over  the  dam. 

Law-wafer  slope  from  Holyoke  Dam  to  Enfield  Dam, 


Distance  in  miles. 

FaUin 
feet. 

Fall  per  mile 
in  feet. 

XHUn         - - --r - r 

29.00 
.60 

20.40 

8.90 

.70 

Vertical 

.10 

6  000 

30                       

68  000 

J.  70   

5  057 

10^20 - - 

043 

" 

laao  

50.60 

The  height  of  Enfield  Dam  is  irregular  and  has,  as  before  stated,  an  opening  in  the 
middle.     At  the  lowest  water  nearly  or  quite  the  whole  volume  passes  through  this, 
opening  at  a  level  of  about  38  feet  above  the  Hartford  zero.    The  average  level  of  the 
dam  is  about  one  foot  higher. 
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Low-^cater  slope  from  Enfidd  Dam  to  the  foot  of  the  rapids. 


Distance  in  miles. 

FaUin 
feet 

Fall  per  mile 
in  feet. 

Dam 

280 
«.40 
1.40 
17.80 
a40 

Vertical. 

.91 

7  033 

1.44 

.872 

148 

12.027 

1.42 

2.384 

6.25 

3L80 

Low^waier  slope  from  the  foot  of  En  field  Rapids  to  Hartford, 


Distance  in  miles. 

Fall  in 

Fall  per  mile 
in  feet 

8.54 

L70 
4.50 

.480 

7.35 

.612 

10.89 

«.20 

The  height  of  low- water  at  Hartford  is  zero  of  the  gauge  at  the  toll-bridge,  and  is 
the  base  of  all  the  levels  upon  this  survey.  The  highest  known  water  above  Holyoke 
Dam  was  found  to  be  110.60  feet  above  the  Hartford  low-water  mark,  or  13  feet  above 
the  crest  of  the  dam  at  the  ends. 

The  high- water  slope  of  the  river,  as  determined  by  levels  to  the  best  authenticated 
high-water  marks,  is  as  follows : 

Highrwater  slope  from  Holyoke  Dam  to  Erifield  Dam, 


Distance  In  miles. 

Fall  hi 
feet 

Fall  per  mile 
hi  feet 

Dam 

29. 

11.10 
3.30 
3.90 

—  .60 

.60 

3.50 

5.50 

3.80 

VerticaL 

.20 

55.500 

1.55 .'. 

2.129 

1.49 

.860 

2.07 

—  .242 

.55 

.909 

1.96 

1.837 

8.86 

.802 

.68 

5.588 

18.36 

60.20 

High-water  slope  from  Evfleld  Dam  to  the  foot  of  the  rapids. 


Distance  hi  miles. 

Fall  hi 
feet 

FaU  per  mile 
hi  feet 

1  78                        

8.90 

8.70 

.00 

SuOOO 

L96 

4.462 

1.52 , 

.000 

6.25 

17.60 

Highrwater  slope  from  the  foot  of  Enfield  Rapids  to  Hartford, 


Distance  in  miles. 

Fall  hi  feet 

Fall  per  mile 
hi^t 

8.54          

.00 
2.40 

.169 

7.85 

.827 

10. 80 

aoo 
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The  high-water  mark  at  Hartford  is  the  height  of  the  flood  of  1854,  the  highest 
known,  which  is  taken  at  29.80  feet  above  the  zero  of  the  gauge.  There  are  two  places 
upon  the  river  where  the  high-water  marks  appear  to  give  a  reverse  slope  to  the  sur- 
face. One  is  between  Chieopee  and  Springfiela,  where  the  upward  slope  amounts  to 
.5  of  a  foot  in  about  two  miles,  and  the  otner  is  at  the  foot  of  £niie]d  Kaplds,  where 
the  surface  was  called  level  in  the  x>revious  survey  of  Eniield  Rapids,  and  is  so  re- 
tained in  the  forep^oing  tables. 

The  cause  of  this  apparent  anomaly  is  not  determined,  the  high-water  marks  being 
well  authenticated.  It  is  proposed  to  find  others,  if  possible,  to  verify  or  show  the 
error  of  those  already  obtamea. 

STREAMS  FLOWING  INTO  THE  CONNECTICUT. 

The  first  stream  of  any  size  flowing  into  the  Connecticut  below  Holyoke  is  the  Chie- 
opee River,  which  enters  on  the  east  side,  just  above  the  village  of  Chieopee.  It  is 
used  as  a  water-power  for  the  manufacturing  establishments  in  the  village.  Its  great- 
est discharge  is  9,635  cubic  feetper  second ;  its  mean  discharge  is  1,374  cubic  feet  per 
second ;  its  least  discharge  is  669  cubic  feet  per  second. 

The  next  stream  is  the  Agawam  or  Westfield  River,  which  enters  upon  the  west  side 
opposite  Springfield.  This  nas  many  factories  upon  it  in  the  villages  through  which 
it  passes.  Its  greatest  discharge  is  !ii8,633  cubic  feet  per  second ;  its  mean  discharge  is 
1,S^  cubic  feet  per  second ;  its  least  discharge  is  f.OO  cubic  ft^et  per  second. 

Mill  River,  entering  from  the  east,  through  the  lower  part  of  Springfield,  is  a  stream 
of  some  import-ance,  and  is  used  as  a  water-power  by  the  United  States  armory  and 
other  manufact'Ories.  Its  greatest  discharge  is  899  cubic  feet  per  second ;  its  mean  dis- 
charge is  63  cubic  feet  per  second :  its  least  discharge  is  30  cubic  feet  per  second. 

The  Pecowsic  Brook,  entering  the  river  about  one  mile  below  Springfield,  on  the  east 
side,  is  also  used  as  a  water-power  for  manufacturing  purposes.  Its  greatest  discharge 
is  151  cubic  feet  per  second;  its  mean  discharge  is  15  cubic  feet  per  second;  its  least 
discharge  is  12  cubic  feet  per  second. 

Freshwater  Brook,  entering  the  river  on  the  east  side,  through  Thompsonville,  is 
used  as  a  water-power  by  tne  Hartford  Carpet  Company.  Its  greatest  discharge  is 
1,598  cubic  feet  per  second ;  its  mean  discharge  is  18  cubic  feet  per  second ;  its  least 
discharge  is  9  cubic  feet  per  second. 

A  small  brook  entering  the  river  on  the  west  side,  opposite  Thompsonville,  is  also 
used  as  a  water-power.  Its  greatest  discharge  is  200  cubic  feet  per  second ;  its  mean 
dischaige  is  2  cubic  feet  x>^r  second ;  its  least  discharge  is  1  cubic  foot  per  second. 

Stony  Brook  enters  the  river  on  the  west  side,  opposite  King's  Island,  alxiut  two 
miles  above  Windsor  Locks.  It  is  usetl  for  a  water-power.  It«  greatest  discharge  is 
1,000  cubic  feet  per  second ;  it  mean  discharge  is  43  cubic  feet  per  second ;  its  least 
dischar^  is  20  cubic  feet  per  second. 

Scantic  River  is  the  next  stream  of  any  size.  It  enters  the  river  seven  and  one-half 
miles  above  Hartford,  on  the  east  side,  and  has  a  number  of  mills  upon  it.  Its  greatest 
discharge  is  6, 116  cubic  feet  jier  second ;  its  mean  discharge  is  139  cubic  feet  per  second ; 
its  least  discharge  is  35  cubic  feet  per  second. 

The  Farmington  or  Tunxis  River  is  a  large  stream  entering  the  river  upon  the  west 
side,  five  and  one-half  miles  above  Hartford.  It  is  used  extensively  as  a  water-jxiwer 
in  the  several  villages  through  which  it  runs,  and  is  quite  an  important  stream.  Its 
greatest  dischaige  is  24,375  cubic  feet  i)er  second ;  its  mean  discharge  is  944  cubic  feet 
per  second ;  its  least  discharge  is  450  cubic  feet  per  second. 

Stoughton's  Brook,  oppoeit'C  the  mouth  of  the  Farmington,  is  a  small  stream,  used  as 
a  water-power.  Its  greatest  discharge  is  143  cubic  feet  per  second ;  its  mean  discharge 
is  5  cubic  feet  per  second  ;  its  least  discharge  is  3  cubic  feet  per  second. 

The  Podunk  River  enters  on  the  east  side,  about  two  miles  above  Hartford.  It  is 
used  as  a  water-power  by  several  factories.  Its  greatest  discharge  is  342  cubic  feet  per 
second ;  its  mean  discharge  is  37  cubic  feet  i>er  second ;  its  least  discharge  is  8  cuoio 
feet  per  second. 

The  Park  River,  which  runs  through  the  city  of  Hartford  and  enters  the  Connecti- 
cut on  the  west  side,  is  used  as  a  water-power  by  mills  in  Hartford  and  several  i>laces 
above.  Its  greatest  discharge  is  2,308  cubic  feet  per  second ;  its  mean  discharge  is  139 
cubic  feet  per  second ;  its  least  discharge  is  25  cuoic  feet  per  second. 

The  Hockanum  River  enters  the  Connecticut  on  the  east  side  at  the  lower  end  of  the 
survey,  about  one  and  one-half  miles  below  Hartford.  It  is  used  as  a  water-power,  and 
is  quite  an  important  stream.  Its  greatest  discharse  is  6,167  cubic  feet  per  second ;  its 
mean  discharge  is  132  cubic  feet  per  second ;  its  least  discharge  is  60  cubic  feet  per 
aeoond. 

BORINGS. 

Borings  were  made  at  several  places,  as  marked  on  the  maps,  to  ascertain  the  depth 
of  the  rock  in  the  bed  of  the  river.     The  tools  used  were  common  carpenters'  augers 
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of  li  and  2  inches  diameter,  attached  to  a  rod  of  |-inch  gas-pipe.  The  pipe  was  in 
len^hs  of  8  feet,  with  threads  cut  upon  the  ends,  so  that  they  wonld  screw  into  an 
ordinary  wrought-iron  conpUn^  and  abut  together  within  it  so  as  to  make  a  firm  Joint 
and  give  an  exact  length  of  pipe  to  serve  as  a  measure  of  depth.  The  head  of  the 
auger  was  also  fitted  with  a  corresponding  thread  to  screw  into  the  coupling. 

A  wooden  cross-handle  was  used  for  turning  the  auger  and  pipe  from  the  top.  This 
passed  tlirongh  an  eye  or  socket  with  a  short  stem,  upon  the  lower  end  of  which  was 
a  screw-thread  fitting  into  the  couplings. 

The  apparatus  for  withdrawing  the  auger  consisted  of  a  shears,  formed  of  three  poles 
lashed  together  at  the  top  and  provided  with  blocks  for  hoisting  out  the  rod.  Where 
the  ground  was  soft  these  poles  were  drawn  down  so  as  to  be  lorced  into  the  ground, 
so  that  a  lever  was  used  to  withdraw  the  rod  in  some  cases. 

This  apparatus  worked  very  well  when  the  angler  was  withdrawn  sufficiently  often, 
but  it  was  difficult  to  impress  the  necessity  of  this  Upon  the  assistants,  and  the  appa- 
ratus was  frequently  iiyured  by  the  sticking  of  the  auger  when  bored  too  far  to  draw 
easily. 

Tlio  material  bored  through  was  also  in  some  cases  very  difficult.  In  many  places  a 
quicksand  tilled  up  the  hole  as  fast  as  bored,  and  in  others  the  material  was  of  ^reat 
hardness.  As  it  was  not  thought  of  sufficient  importance  to  go  to  the  expense  of  lining 
the  holes  with  pipe,  to  prevent  filling  in,  some  of  the  borings  were  abandoned  before 
reaching  the  rock.  It  is  believed,  however,  that  they  are  sufficiently  deep  to  show  the 
character  of  the  river-bed. 

Respectfully  submitted. 

Theo.  G.  Ellis, 

Civil  Engineer, 

General  G.  K.  Warren, 

Major  of  Engineers,  U.  S,  A, 

The  anomalous  rise  in  the  slope  of  the  river,  mentioned  in  the  foregoing  report,  was 
further  investigated  by  leveling  to  all  the  high-water  marks  that  could  l)e  found  in 
the  vicinity,  and  no  further  light  was  thrown  upon  the  subject.  The  new  marks  ob- 
tained were  either  too  unreliable  to  be  considered,  or  agreed  substantially  with  the 
previous  ones  already  taken.  They  added  nothing  to  the  knowledge  of  the  slope  pre- 
viously obtained. 

This  report  was  continued  in  1875,  embracing  the  experiments  upon  the  volume  and 
laws  of  flow  at  different  stages  of  the  river,  as  follows: 

Hartford,  Conn.,  March  20,  1875. 

General  :  Having  learned  from  you,  on  February  6,  that  the  second  part  of  my  re- 
l>ort  upon  the  survey  of  the  Connecticut  River  between  Hartford  and  Holyoke,  with 
the  maps  and  drawings  therewith  submitted,  had  been  destroyed  in  the  train  burned 
between  New  York  and  Washington  in  Januarv  last,  I  have  reproduced  the  same,  add- 
ing thereto  some  notes  and  tables  relating  to  the  current  observations  that  it  was  sug- 
gested might  be  valuable  for  future  reference.  The  tables  relating  to  the  heights  and 
discharge  of  the  river  at  Hartford  have  also  been  brought  up  to  January  1,  1875,  in 
addition  to  what  was  before  given. 

The  record  of  the  experiments  at  Thompsonville  is  made  quite  complete,  embracing 
the  velocities  observed,  the  computed  areas,  widths,  slopes,  and  heights  of  the  water, 
as  determined  by  the  survey,  in  order  that,  although  aomewhat  incomplete  in  them- 
selves, they  may  be  preserved  for  reference  and  comparison  with  other  observations 
taken  elsewhere. 

The  results  are  given  in  tabular  form,  so  that  they  can  be  readily  plotted  upon  sec- 
tion-paper. 

The  main  object  of  the  survey  having  been  the  determination  of  the  character  of  the 
river-bed,  and  the  volume  of  the  discharge  at  Hartford  having  been  only  an  incidental 
part  of  the  operations,  must  account  for  any  deficiencies  in  the  hydraulic  observations 
as  a  matter  of  scientific  inquiry. 

GAUGING  THE  RIVER. 

In  connection  with  the  improvement  of  the  Connecticut  River  for  the  past  three 
years,  the  height  of  the  water  has  been  taken  daily  at  Hartford  by  the  gauge  at  the 
toll-bridge,  the  zero  of  which,  or  low- water  mark,  at  Hartford,  has  been  taken  aa  the 
base  for  the  levels  of  the  Connecticut  River  surveys. 

.  In  order  to  determine  the  discharge  from  these  readings,  the  gauging  of  the  river  at 
some  point  as  near  as  practicable  to  Hartford  became  necessary.  At  and  below  this 
place  the  rise  and  fall  of  the  tide  is  such  as  to  prevent  accurate  measurements  of 
volume,  except  at  high  stages  of  the  river.  The  effect  of  the  tide  is  felt  at  times  as  far 
as  the  foot  of  Enfiela  Rapids,  so  that  it  was  necessary  to  take  a  point  farther  up  tibe 
river  for  the  determination  of  the  discharge. 
No  locality  favorable  for  gauging  operations  presenting  itself  below  Enfield  Dam,  a 
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selection  was  made  of  a  portion  of  the  river  near  Thompsonville  about  one  and  a  half 
miles  above  the  dam. 

The  locality  at  Thompsonville  was  selected  for  several  reasons,  which  render  it  the 
best  place  on  the  river  for  these  determinations.  It  is  the  only  place  between  Hart- 
ford and  Holyoke  which  has  a  comparatively  straight  and  uniform  channel  for  any 
considerable  distance  between  permanent  banks  which  are  not  overflowed  It  is  above 
the  rapids,  and  therefore  free  m)m  any  tidal  influence.  Its  situation  above  the  dam 
relieves  it  from  any  irregular  back-water  below  the  point  selected  for  the  observations, 
being  just  above  the  influence  of  the  steeper  slope  upon  the  rapids  in  curving  the 
surface  of  the  water  downward  from  the  regular  inclination  above. 

This  position  for  the  observations  having  something  of  the  character  of  a  canal 
just  above  a  discharge- weir,  would  be  exi>ected  to  give  nearly  a  uniform  volume  of  dis- 
charge for  the  same  height  of  water,  and  be  less  subject  to  variations  of  quantity  at 
the  same  stage  of  the  river  than  would  ordinarily  be  the  case  if  the  stream  did  not 
discharge  so  freely  below.  The  wide  channel  and  the  slow  current  for  some  miles 
above  also  favors  this  position,  acting  as  an  equalizing  reservoir  to  give  a  regiilar  dis- 
charge, and  to  free  the  part  of  the  nver  chosen  for  experiments  from  pulsations.  It 
will  be  observed  also  from  the  plate  of  sections  submitted  that  the  part  of  the  chan- 
nel over  which  floats  were  run  is  of  nearly  uniform  area  and  form  of  cross-section, 
giving  a  very  favorable  locality  for  float  experiments,  where  they  can  be  passed  -very 
close  to  the  bottom  without  touching. 

Below  the  main  position  chosen  for  the  float-observations,  two  other  sections  were 
taken :  one  across  the  smallest  sectional  area,  about  1,600  feet  below,  where  the  bottom 
is  rocky,  and  another  where  the  bed  again  deepens  near  the  Thompsonville  Ferry. 
These  sections  are  marked  B  and  C,  respectively,  on  the  map. 

At  the  upper  or  principal  position,  seven  parallel  sections,  50  feet  apart,  were  taken 
across  the  river-bed  as  nearly  as  possible  at  right  angles  to  the  current.  The  sound- 
ings were  accurately  made  with  a  chain,  and  located  by  angles  from  the  shore.  The 
method  adopted  was  substantially  that  described  in  the  report  of  the  survey  of  the 
Mississippi  River  by  Humphreys  and  Abbot.  The  boat  carrying  the  80undiu|2^-cliain 
was  dropped  slowly  down  the  stream,  and,  at  the  moment  of  crossing,  the  section  was 
signaled  by  an  observer  stationed  with  his  telescope  upon  the  line.  The  chain  was 
then  dropped,  and  the  angle  taken  to  it  by  a  second  observer  on  the  shore.  All  the 
sections  were  carefully  sounded  in  this  manner,  so  as  to  give  as  nearly  as  possible  the 
exact  form  of  the  bottom. 

The  seven  sections  across  the  river  at  the  upper  or  main  position  covered  a  distance 
of  300  feet,  only  260  feet  of  which  was  used  at  one  time  for  the  float-observations. 
The  floats  were  flrst  run  over  the  five  lower  lines,  embracing  the  lower  200  feet,  as  the 
water  was  high,  and  the  base  of  this  part  was  above  the  higliest  water  likely  to  occur. 
As  the  water  fell,  however,  the  floats  were  run  over  the  upper  200  feet,  which  pre- 
sented a  little  more  uniform  bottom  than  is  found  at  the  two  lower  section-lines.  The 
lower  of  these  positions  is  called  F,  and  the  upper  one  G,  on  the  maps.  The  observa- 
tions by  current-meter  were  in  all  cases  taken  upon  the  middle  section,  over  which 
floats  were  run. 

At  the  two  lower  positions,  marked  B  and  C  on  the  map,  only  one  line  of  soundings 
was  taken  at  each  place  in  the  manner  before  described^  and  on  these  sections  the 
observations  were  all  taken  with  a  curreut-meter.  The  general  survey,  as  shown  on 
the  maps,  gives  the  form  of  the  bottom  above  and  below  these  sections  with  sufficient 
accuracy,  and  shows  that  it  is  nearly  uniform  for  some  distance  above  and  below 
where  the  observations  were  taken.  These  surveys  and  the  subsequent  gaugings  were 
all  made  by  Mr.  Charles  L.  Burdett,  civil  engineer,  and  party  of  four,  who  have  also  been 
employed  part  of  the  time  upon  other  surveys  and  work  in  connection  with  the  im- 
provement of  the  Connecticut  Biver  below  Hartford. 

THE  APPARATUS  USED. 

The  different  instruments  and  methods  which  have  at  various  times  been  used  by 
engineers  to  determine  the  velocity  of  moving  water  seem  to  be  divided  into  three 
general  classes,  having  their  distinct  principles  of  operation  and  action. 

1st.  Floats  01  some  kind  moving  with  the  current. 

2d.  Wheels  or  mills  operated  by  the  impact  of  the  current. 

3d.  Ganges  acted  upon  by  the  pressure  of  the  moving  water. 

Of  these,  many  varieties  have  been  tried  by  diff"erent  experimenters,  but  for  the 
ganging  of  rivers  at  the  x>resent  day  the  three  classes  above  named  appear  to  be  repre- 
sented oy  the  three  following  methods  for  obtaining  the  velocity : 

1st.  Double  floats,  such  as  were  used  upon  the  Mississippi  River. 

2d.  The  current-meter  of  some  form. 

3d.  The  Pitot  tube. 

The  last  named,  however,  does  not  appear  to  be  of  much  use  in  gauging  large  streams, 
as  it  would  be  impracticable  to  use  it  in  a  deep  and  rapid  current,  and  it  has  the  in- 

20  E 


Digitized  by  VjOOQIC 


306  REPORT   OP   THE    CHIEF   OP   ENGINEERS. 

herent  defect  of  registering  the  force  of  the  current  only  at  a  given  instant  of  time, 
rendering  it  difficult  to  obtain  the  mean  velocity  for  any  required  period. 

The  first  two  seem  to  be  the  only  instruments  that  have  been  used  to  obtain  the 
mean  velocity  of  a  large  river  with  any  considerable  degree  of  accuracy;  and  it  is  to 
these  only  that  attention  has  been  givea  in  gan^ng  the  Connecticut. 

Each  of  the  two  methods  of  measuring  velocities,  with  the  double  floats  and  the  cur- 
rent-meter, has  its  peculiar  advantages  and  defects,  which  it  is  well  to  consider,  with 
a  ^4ew  to  avoid,  if  possible,  errors  incident  to  the  use  of  either  that  experience  has 
shown  to  exist. 

Double  floats,  all  things  considered,  have  proved  to  be  the  most  reliable  means  of 
measuring  subsurface  velocities  where  a  sufficiently  uniform  channel  can  be  found  in 
which  to  use. them.  The  apparatus  is  cheap  and  simple,  and  the  results  apparent,  ad- 
mitting of  no  unperceived  large  error.  It  can  be  used  at  all  velocities,  measuring 
accurately  even  the  smallest  currents;  and  the  best  experiments  and  data  known  in 
river  hydraulics  have  been  made  with  it. 

The  errors  and  uncertainties  of  this  system,  as  generally  used,  appear  to  be : 

The  resistance  of  the  surface-float  and  connecting  cord,  and  their  influence  upon  the 
velocity  of  the  lower  float. 

The  small  sinking- weight  of  the  lower  float,  and  consequent  slight  tension  that  can 
be  obtained  upon  tne  connecting  cord,  without  a  too  great  increase  in  the  size  of  the 
upi>er  float.  This  weight  must  oe  sufficient  to  prevent  the  lower  float  from  drifting 
U|>ward  in  whirls  and  eddies,  and  the  cord  from  being  drifted  out  of  line  by  intermedi- 
ate currents  of  different  velocities,  otherwise  we  cannot  know  the  depths  at  which  the 
lower  float  runs. 

The  tipping  of  the  lower  float  forward,  or  backward,  by^  the  draught  of  the  upper 
float  and  cord,  which  alters  its  horizontal  resistance,  and  increases  the  liability  to  be 
carried  upward  in  eddies;  as  the  annular  lower  float  then  presents  a  greater  surface 
to  the  upward  current. 

The  uncertainty  of  the  position  of  the  lower  float,  with  respect  to  the  upper  or  ob- 
served float. 

The  fact  that  the  submerged  float  measures  the  velocity  of  only  one  point  in  the 
stream,  which  may  be  at  the  maximum  or  minimum  of  the  usual  variations  and  im- 
pulses. 

And,  lastly,  the  lower  float  cannot  be  run  close  to  the  bottom,  except  in  regular 
channels;  the  depth  of  the  float  being  limited  by  any  irregularity  in  the  depth  of  the 
stream. 

Most  of  the  above-named  uncertainties,  however,  can  be  avoided  with  proper  appa- 
ratus in  a  regular  channel. 

The  advantages  of  the  method  of  measuring  the  velocity  with  a  current-meter  are : 

The  observations  can  be  taken  all  on  one  section,  and  do  not  require  a  continuous, 
regular  channel. 

Tlioy  can  be  taken  more  rapidly  than  floats. 

They  average  the  variations  of  velocity  during  the  time  of  the  observations. 

They  can  be  taken  close  to  the  bottom. 

This  method  also  admits  of  a  rapid  and  easy  way  of  obtaining  the  mean  velocity  in 
any  vertical  plane  by  one  observation. 

The  princix^al  defects  of  this  system  of  measuring  velocities  are  as  follows: 

Tlie  current-meter  is  difficult  to  rate  with  the  exactness  required  for  accurate  obser- 
vations; unless  correctly  rated  by  an  experienced  and  competent  observer,  and  unless 
the  wheel  is  of  a  form  not  liable  to  have  its  rate  affected  by  slight  accidents,  the  in- 
strument has  little  or  no  scientific  or  practical  value. 

The  resistance  and  friction  is  irregular  in  water  containing  sediment. 

Low  velocities  cannot  be  registerSi,  and  the  movement  oi  the  wheel  becomes  irreg- 
ular before  actual  stoppage  occurs. 

The  indexes  only  register  full  revolutions  which  may  be  of  several  feet  pitch. 

Floating  substances,  such  as  leaves  and  straws,  are  liable  to  catch  upon  the  wheel 
and  impede  its  action. 

Vertical  and  propeller  wheels  do  not  take  the  exact  direction  of  the  current,  but 
stand  a  little  off^to  one  side,  on  account  of  the  head  pressure,  until  the  tail  is  turned 
so  as  to  have  a  sufficient  lateral  pressure  or  resistance  to  maintain  its  position. 

In  deep  water  there  is  considerable  difficulty  in  connecting  and  disconnecting  the 
register  at  the  exact  time  desired. 

In  addition  to  the  above  a  great  many  current-meters  are  of  faulty  construction,  eo 
that  they  have  been  regardeaby  many  eminent  hydraulic  engineers  rather  as  pretty 
toys  than  as  scientific  instruments.  Some  of  the  more  common  errors  of  construction 
are :  Making  the  gearing  of  the  register  shut  on  to  the  worm  of  the  wheel-shaft  by  a 
positive  motion ;  using  differential  wheels  on  the  same  worm,  which  is  liable  to  split 
two  teeth  apart  whicn  should  remain  together,  and  thus  vitiate  the  reading  of  the 
index  by  one  whole  turn  of  the  lesser  wheel ;  and  making  the  vanes  of  the  measuring- 
wheel  exposed  in  such  a  way  that  they  can  be  bent  or  have  their  angle  changed  by  any 
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slight  accident  or  pressure.  It  is  believed,  however,  that  with  proper  construction 
current-meters  are  very  valuable  instruments  for  determining  the  subsurface  velocities 
of  rivers,  and  in  many  cases  are  the  most  accurate  and  expeditious  means  of  gauging 
streams.  The  advantages  and  defects  of  each  of  these  two  methods  of  measuring 
velocities  have  been  carefully  considered,  and  an  effort  has  been  made  to  use  each  of 
them  in  the  best  manner  practicable,  and  to  avoid,  as  far  as  possible,  the  objections 
that  have  been  made  to  them. 

In  the  gaueing  of  the  Connecticut  at  Thompsonville,  both  floats  and  meters  have 
been  used  witn  satisfactory  results ;  and  as  the  apparatus  differs  somewhat  from  the 
more  common  forms,  a  short  description  will  be  ^ven  of  it. 
The  requisites  of  a  good  double-noat  are  conceived  to  be  as  follows : 
The  subsurface-float  must  have  as  great  lateral  resistance  as  practicable,  and  it  must 
be  eaual  in  all  directions,  on  account  of  the  rotation  of  the  float.  It  must  have  a  very 
small  vertical  resistance,  to  prevent  its  being  lifted  by  rising  currents,  or  drawing  down 
the  surface-float  by  downward  currents.  It  must  have  sufficient  stability  of  flotation 
in  itself  to  always  stand  upright  when  in  the  water.  It  must  not  be  drawn  out  of  a 
vertical  position,  by  the  cord  to  the  surface-float.  It  must  have  a  sufficient  preponder- 
ance of  weight  to  prevent  its  floating  upward  in  eddies,  and  to  keep  the  connecting- 
oord  practically  vertical,  but  not  to  increase  the  size  of  the  surface-float  beyond  what 
is  absolutely  necessarv  for  this  purpose. 

The  surface-float  should  be  as  light  as  i^ossible,  proportionally  to  its  volume.  It 
should  be  as  small  as  practicable,  and  sustain  the  required  weight  of  the  subsurface- 
float,  and  its  form  must  be  such  as  to  offer  a  minimum  of  resistance  to  motion  from 
both  the  water  and  wind. 

The  connecting-cord  should  be  the  smallest  that  can  be  obtained  with  the  requisite 
strength  and  flexibility. 

The  subsurface-float  adopted  for  experiments  upon  the  currents  in  the  Connecticut 
River  was  a  hollow  anuulus  of  tin  8^  inches  high,  8^  inches  outside  diameter,  and  7^ 
inches  inside  diameter,  leaving  a  cylindrical  ring  of  i  inch  in  thickness  and  8^  inches 
in  height. 

Two  brass  wires  were  soldered  across  the  bottom,  at  right  angles  to  each  other,  and 
two  others  inside,  half-way  to  the  top,  so  that  their  intersection  was  at  the  center  of 
figure  of  the  float.  These  floats  required  about  20  ounces  of  lead  to  Just  sink  them, 
and  they  were  further  loaded  with  8  ounces  preponderance.  This  weight  was  placed 
upon  the  lower  cross-wires  and  firmly  secured,  being  about  4  inches  below  the  center 
of  flotation,  which  gave  the  whole  float  sufficient  staoility.  The  extra  8  ounces  would 
give,  when  submerged^  7.3  oimces  tension  upon  the  cord ;  but,  with  the  wire  used  in 
attaching  the  weight,  it  was  found  to  be  8  ounces  when  measured  in  the  water. 

The  suspending  coid  was  attached  to  the  float  at  the  middle  cross- wires,  so  that  there 
should  be  no  tendency  to  tip  the  float  when  the  cord  was  not  vertical. 

The  sorface-floats  were  tin  ellipsoids,  of  6  inches  diameter  and  1^  inches  in  thickness. 
They  were  fitted  with  a  cork  on  top  for  holding  a  small  wire  and  flag,  and  at  the  bot- 
tom they  were  furnished  with  an  eye  for  the  cord.    The  flotation-power  of  these  ellip- 
soids was  about  11  ounces  in  addition  to  their  own  weight  of  4  ounces. 
The  diameter  of  the  connecting-rod  was  .036  of  an  inch. 
Two  current-meters  have  been  used  at  different  times. 

The  first  was  a  propeller-meter,  an  improved  Waltman  tachometer,  made  by  Secre- 
tan,  of  Paris,  France,  about  18  inches  long,  with  a  screw-propeller  wiieel  3^  inches  in 
diameter  and  about  5  inches  pitch.  The  wneel  turns  a  horizontal  axis,  provided  with 
a  worm,  which  ^ears  into  a  toothed  wheel  indicating  100  revolutions;  which  latter,  by 
means  of  a  pinion  on  its  axis,  turns  another  wheel  which  indicates  hundreds  up  to 
1,000  revolutions.  These  wheels  are  carried  in  a  frame  which  moves  them  off  and  on 
to  the  worm  alternately,  by  pulling  upward  upon  a  cord  attached  to  a  lever  which 
recoils  by  means  of  a  spring.  When  first  purchased  some  years  ago  this  instrument 
moved  the  registering  wheel  on  to  the  worm  by  a  cam,  or  positive  motion,  and  off  by  a 
spring.  This  is  the  usual  construction,  but  is  very  faulty :  as  the  point  of  a  tooth  of 
the  wheel  sometimes  strikes  upon  the  edge  of  the  thread  oi  the  worm,  which  not  onlv 
stops  the  wheel  from  revolving,  but  when  under  water,  where  the  lorce  of  the  puU 
upon  the  cord  cannot  be  graduated  nor  the  effect  seen,  the  gearing  is  soon  seriously 
damaged.  This  defect  was  remedied  by  making  the  nrame  carrying  the  register  to 
push  off  from  the  worm  by  a  cam  and  press  on  to  it  by  means  of  a  sprmg. 

This  meter  was  carefully  rated  in  1870,  and  again  tested  in  June,  1874,  when  its  rate 
was  found  to  remain  unchanged. 

The  rating  was  done  in  the  following  manner :  A  16-feet  Whitehall  boat  was  fitted 
with  a  hinged  frame  or  bowsprit  extending  out  a  little  more  than  5  feet  from  the  bow 
of  the  l>oat.  At  the  outer  end  a  piece  of  gas-pipe,  three-fourths  of  an  inch  in  diameter, 
passed  through  it  vertically  into  the  water  and  was  held  in  place  by  a  key.  Upon  the 
lower  end  of  this  pip«  the  instrument  was  fixed  so  as  to  rotate  freely.  The  whole  ap- 
paratus could  turn  upward  and  over  into  the  boat  for  adjustment  and  reading  the 
indexes.    The  meter  was  thus  suspended  about  5  feet  in  front  of  the  boat,  and  1  foot 
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or  more  below  the  keel.  By  placing  floating  objects  in  the  water  and  fixing  the  hair 
of  a  telescope  upon  them  while  the  boat  approached,  this  position  was  fonnd  to  be 
beyond  the  influence  of  the  pushing  effect  of  the  boat  upon  the  water.  A  base  line  200 
feet  long  was  measured  upon  the  shore,  and  right  angles  established  at  the  ends  by 
means  of  flag-poles,  forming  ranges  200  fe«t  apart.  Through  this  distance  the  boat 
was  drawn  by  a  line  from  tne  shore  at  uniform  rates  of  speed  from  about  four-tenths 
of  a  foot  a  second  to  9  feet  per  second,  and  the  number  of  revolutions  and  the  time 
between  the  two  ranges  not«d-  These  observations  were  reduced  t-o  the  number  of 
revolutions  per  second  and  the  number  of  feet  per  second  and  plotted  as  co-ordinat«8 
upon  section-jiaper.  A  mean  line  was  then  drawn  tlirough  these  points,  and  a  formula 
computed.  It  was  found  that  between  the  limits  of  .7  of  a  foot  and  9  feet  the  number 
of  feet  per  second  was  exactly  five-thirteenths  of  the  number  of  revolutions  i)er  second 
plus  .25. 

If/=  number  of  feet  per  second,  and  n  =  number  of  revolutions  per  second,  then — 

/  =  A»  +  .«5       (1) 

As  in  this  form  of  meter  fi,  or  — ,  when  N  represents  the  total  number  of  revolutions 

in  i  seconds,  is  a  variable  quantity  requiring  some  time  and  trouble  to  compute  for  a 
large  number  of  observations,  it  becomes  desirable  to  put  this  expression  in  a  form 
more  easy  of  computation.  This  is  done  by  multiplying  the  above  equation  (1)  by  100, 
and  dividing  the  fraction.    We  then  have : 

100/=38.5n-f  25        (2) 

It  will  be  observed  that  38.5  n  will  be  the  number  of  revolutions  in  38^  seconds.  If, 
therefore,  wo  run  the  meter  38^  seconds,  add  25  to  the  number  of  revolutions  shown 
on  the  dial,  and  point  off  two  places  of  decimals,  it  will  give  the  feet  per  second.  This 
was  generally  done,  and  the  result  sot  down  at  once  opposite  the  number  of  revolu- 
tions. This  meter  has  a  very  short  pitch  and  quick  motion,  so  that  the  number  of 
revolutions  is  always  greator  than  the  number  of  seconds.  If  the  observation  be  con- 
tinued a  certain  number  of  seconds  the  inaccuracy  of  recording  only  whole  revolutions 
is  very  small.  This  m'eter  was  used  chiefly  with  the  higher  velocities,  as  it  ceased  to 
register  accurately,  and  in  exact  conformity  with  the  formula,  below  seven-tenths  of  a 
foot  per  second. 

The  second  current-meter  used  was  one  constructed  especially  to  avoid  some  of  the 
difficulties  usually  encountered  with  such  instrument*.  It  was  desinnl  to  get  less  fric- 
tion, so  as  to  measure  low  velocities,  to  avoid  catching  floating  substances,  such  as 
leaves,  grass,  &c.,  and  to  eliminate  the  error  consequent  upon  not  standing  exactly  in 
the  line  of  the  current. 

In  order  to  have  as  little  friction  as  possible,  the  apparatus  was  made  to  n»cord  by 
breaks  in  an  electric  circuit,  and  the  train  of  wheels  was  dispensed  with.*  The  meas- 
uring-wheel was  made  to  nm  horizontally,  so  as  to  support  its  weight  by  the  end-fric- 
tion of  one  of  the  bearings.  This  horizontal  position  also  eliminated  the  eiTor  of  direc- 
tion, as  the  frame  could  stand  at  any  angle  to  the  stream  without  affecting  the  results. 
To  avoid  catching  floating  objects,  a  peculiar  form  of  wheel  and  supporting-frame  was 
adopted.  Each  vane  of  the  wheel  consisted  of  a  hollow,  conical  end.  with  two  tangen- 
tial planes  joining  it  to  the  axis,  so  that  each  arm  or  vane  presenteci  a  8hari>  edge  on 
the  back,  and  an  open,  flaring  face.  The  central  hub  was  made  tapering  towarcb  the 
ends,  and  the  ends  of  the  supporting  frame  were  partially  inclosed  within  it,  so  that 
any  object  striking  the  axis  could  slide  oft'  easily. 

Upon  one  arm  ot  the  frame  which  carries  the  wheel,  an  insulated  wire  was  passed 
through  eyes  and  a  hard-rubber  box  to  near  the  hub  of  the  wheel,  when  it  ended  in  a 
coil  of  fine  platinum  wire.  This  came  in  contact  at  each  revolution  with  a  loop  of 
platinum  wire  on  the  hub,  and  formed  the  connection  and  break  in  the  circuit.  The 
central  bearings  and  tail  of  the  machine  were  of  ordinary  construction,  except  that 
provision  was  made  to  turn  the  wheel  vertical  for  measuring  close  to  a  vertical  wall, 
as  in  a  canal,  when  desired,  or  at  any  required  angle. 

The  rt^gist-ering  apparatus  of  this  meter  consisted  of  an  electro-magnet,  the  arma- 
ture of  which  was  connected  by  a  lever  with  the  escapement  of  a  train  of  cl(K"k-work, 
driven  by  a  spring.  This  had  all  the  adjustments  usual  in  telegraphic  sounders.  The 
train  was  provided  with  three  dials  recording  units,  hundreds,  and  thousands,  up  to 
10,000. 

This  register  was  arranged  in  a  box  and  nro"\ided  with  a  switch  to  connect  or  dis- 
connect the  current.  The  dials  were  read,  tnrough  a  glass  in  the  top ;  the  handle  to 
the  switch  and  the  screw-sockets  for  the  connecting  wires  being  outside  of  the  box. 

The  Grenet  battery  was  chosen  for  these  experiments,  mainly  on  account  of  the  form 
of  the  jar  being  so  suitable  for  use  in  a  boat  without  danger  of  spilling  the  contained 

*  A  telegraphic  curreut-met«r  was  first  used  by  D.  Farrand  Henr>%  esq.,  civil  engi- 
neer, of  Detroit,  upon  the  UnitM  States  lake  survey,  and  to  whom  the  writer  is 
mucli  indebted  for  valuable  suggestions  in  the  use  of  the  instnunent.  A  full  descrip- 
tion of  Mr.  Henry ^s  meter  will  l^  fonnd  in  the  Journal  of  the  Franklin  Institute,  vol- 
ume LXI. 
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fluid.  In  x>ractice  it  proved  all  that  could  be  desired.  The  facility  with  which  the 
power  cau  be  regalated  by  the  greater  or  less  immersion  of  the  zinc  idate  is  one  of  its 
chief  advantages  in  snch  experiments;  and  the  absence  of  all  fumes  avoids  iujurv  to 
the  apparatus  and  inconvenience  to  the  observers.  The  jar  used  was  of  about  32  fluid 
ounces  capacity.  It  was  charged  with  a  fluid  composed  of  3  ounces  of  bichromate  of 
potassa,  3  ounces  of  sulphuric  acid,  and  24  ounces  of  water. 

This  batterj""  was  fitted  in  a  box,  to  the  top  of  which  was  attached  the  register,  con- 
nected by  the  proper  wires.  When  transported  the  plates  of  the  battery  were  taken 
out  of  the  jar  and  placed  in  a  separate  recepta<;le  in  the  box.  This  is  easily  done,  as 
they  are  attached  to  the  brass  cover  of  the  jar.  When  closed  up,  the  whole  api)aratus 
was  7  by  11  by  12  inches  in  size,  and  was  easily  carried  by  means  of  a  leather-strap 
handle. 

Connecting  vrith  the  meter  were  one  insulated  wire  and  one  fine  plain  copper  wire. 
The  plain  wire  was  wound  around  the  insulated  wire  in  long  turns,  so  as  to  fonn  one 
cord  with  it,  and  the  whole  was  wound  upon  a  reel.  The  inner  end  upon  the  reel  was 
brought  outwards,  and  the  two  wires  attached  to  the  battery  and  register  by  screw- 
sockets  upon  the  boxes.  The  other  ends  were  attached  to  the  meter.  The  insulated 
wire  was  hooked  to  a  similar  piece  of  wire  carried  along  one  of  the  arms  to  the  wheel, 
and  the  other  was  fastened  into  a  socket  in  the  frame  oy  means  of  a  set-screw.  The 
joint  in  the  insulated  wire  was  covered  witb  a  piece  of  small  rubber  tube. 

This  current-meter  was  carefuUy  tested  and  rated  in  June,  1674,  at  the  same  place 
and  in  the  same  manner  as  the  first  one,  except  that  it  did  not  require  to  be  taken  from 
the  water  to  read  the  number  of  revolutions,  which  were  registered  on  the  dials  in  the 
boat.  The  observations  were  reduced  to  the  number  of  revolutions  per  second,  and 
to  the  feet  per  second,  and  plotted  upon  section-paper  as  before  described.  A  line  was 
then  drawn  through  these  points  and  the  formula  for  the  rate  ascertained  to  be  as 
follows : 

/  =  the  number  of  feet  per  second. 

n  ==  the  number  of  revolutions  per  second. 

y=  the  total  number  of  revolutions. 

^  =  tne  total  time  in  seconds. 

^      200      ,    ^ 

/=^n+.02  (1) 

This  can  be  put  in  a  more  convenient  form  for  computation,  as  follows : 

N   ^^       ^       200      JVr  .    ^ 
«  =  -^;  then  /  =  ^  X  J -f  .02 

If  we  run  the  meter  53  revolutions,  and  note  the  time  f,  we  shall  have^ 

/  =  200Xp+.02  (2) 

This  value  of  /  is  easily  found  by  taking  the  reciprocal  of  f  from  the  table  of  recip- 
rocals usually  found  with  tables  of  squares  and  cubes,  multiply  by  200  and  add  .02, 
which  is  a  very  simple  operation. 

This  formula  is  made  to  depend  upon  the  number  of  seconds  in  a  complete  number 
of  revolutions,  rather  than  the  number  of  revolutions  in  a  certain  number  of  seconds, 
as  with  the  pre\'iou8ly  described  meter,  because  of  the  long  pitch  of  the  wheel,  which 
will  be  seen  from  the  first  formula  above  to  be  about  one  turn  in  4  feet.  This  would 
require  a  very  long  observation  to  insure  accuracy,  if  the  number  of  revolutions  wei*e 
taken  in  a  fixed  time. 

At  a  velocity  of  1  foot  per  second,  one  revolution  of  the  wheel  takes  about  four  sec- 
onds. We  should  therefore  be  obliged  to  continue  the  observation  four  times  as  long 
to  get  the  same  accuracy  if  we  took  the  number  of  revolutions  in  a  given  number  of 
seconds  as  we  should  if  we  took  the  number  of  seconds  in  a  given  number  of  revolu- 
tions. 

With  the  other  current-meter  the  case  is  just  the  reverse.  The  pitch  of  the  screw  is 
short,  making  at  a  velocity  of  1  foot  per  second  about  two  and  a  naif  revolutions  i)er 
second,  and  more  at  higher  velocities.  Greater  accuracy  in  this  case  is  therefore  ob- 
tained bv  taking  the  number  of  revolutions  in  a  certain  number  of  seconds,  and  the 
formula  is  arrauged  accordingly. 

The  ol>ser\^ations  with  the  current-meters  were  made  from  an  anchored  boat.  This 
boat  was  jirovided  with  a  spring  plank  secured  to  one  of  the  forward  thwarts  and 
passed  over  a  frame  resting  upon  another  thwart  about  amidships,  so  that  the  end 
would  reach  a  little  over  the  stem.  At  the  end  of  this  plank  was  a  pulley  over  which 
the  standing-line,  upon  which  the  meter  was  run  up  and  down,  was  passed  and  then 
secured  to  a  cleat  on  the  plank. 

This  line  was  anchored  at  the  bottom  by  a  cast-iron  wheel,  weighing  about  forty 
pounds,  which  lay  flat  on  the  bottom  of  the  river  and  allowed  the  meter  to  descend 
close  to  it.     The  fine  was  drawn  tight,  so  as  to  si>ring  the  plank  somewhat  and  bring 
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a  snfficient  strain  on  it  to  prevent  too  much  sag  down  stream  by  the  cnrront.    The 
motion  of  the  boat  was  taken  np  by  the  play  of  the  j)lank,  so  as  not  to  disturb  the  line. ' 
The  meter  was  raised  and  lowered  ui)on  this  standing-line  by  a  fine  chain  marked  to 
feet,  which  passed  over  a  smaller  pulley  near  the  end  of  the  plank  on  the  under  side, 
and  by  which  the  depth  of  the  water  was  always  correctly  known. 

The'  instrument  was  placed  upon  a  piece  of  lead  pipe  about  15  inches  long,  corre- 
sponding in  size  with  the  pipe  upon  which  it  was  rated,  and  through  wliich  the  stand- 
ing'-liiie  was  passed.    At  the  bottom  of  this  lead  pipe  was  a  circular  disk  of  lead  to 


give  sufficient  sinking  force,  the  whole  weighing  ^  pounds;  the  hoisting-chain  was 
attached  to  the  upper  end  of  the  lead  pipCj  the  first  foot-mark  of  the  chain  being  1  foot 
above  the  center  of  the  meter-wheel.     This  arrangement  was  adopted  after  consider- 


able previous  experience  in  using  these  meters^  and  has  proved  very  convenient  and 
easily  managed.  Wire  and  wire  cord  were  tried  for  the  standing-line,  but  they  are 
unfit  for  nimierous  experiments  in  rivers,  unless  of  ^reat  depth  and  strength  of  current, 
from  their  want  of  flexibility,  and  from  their  kinking  and  breaking  when  secured  to 
the  boat. 

With  the  Secretan  current-meter  a  fine  line  of  .023  of  an  inch  diameter  was  used  to 
connect  and  disconnect  the  register.  When  the  electric  apparatus  was  used,  the  con- 
necting-wire was  allowed  to  drift  down  stream  while  the  instrument  was  in  use, 
enough  being  let  out  to  allow  the  meter  to  reach  the  bottom ;  it  could  then  be  raised 
or  lowered  to  any  position  and  read  without  disturbing  the  wire  or  regist-er.  This 
latter  was  placed  in  the  stem  of  the  boat,  where  it  could  be  readily  seen  and  heard. 

THE  METHOD  OF  GAUGING. 

In  gauging  the  river  at  Thompsonville,  the  greater  part  of  the  observations  were 
made  m  vertical  planes,  from  the  surface  to  the  bottom,  taking  the  velocity  at  every 
foot  in  depth.  These  planes  were  taken  as  near  aa  practicab^  at  100  feet  distances 
across  the  river. 

The  float*  were  run  as  near  the  bottom  as  possible,  generally  increasing  the  depth 
until  the  lower  float  grounded  on  some  part  of  its  course.  In  the  middle  portion  of 
the  river,  the  great  uniformity  of  depth  at  the  place  where  the  observations  were  made 
permitted  the  floats  to  run  quite  near  to  the  bottom :  but  near  the  banks,  where  the 
slope  was  encountered,  the  current  would  rarely  follow  a  uniform  depth,  but  would 
drift  the  floats  against  the  bottom  at  some  part  of  their  course,  making  it  impractica- 
ble to  obtain  the  bottom  velocity  with  exactness  in  this  portion  of  the  river. 

The  floats  were  started  on  ranges  so  as  to  take  each  vertical  series  of  subsurface 
velocities  as  nearly  as  possible  in  the  same  vertical  plane,  at  a  given  distance  from  the 
base.  They  varied  somewhat  from  the  same  exact  course,  owing  to  slight  variations 
in  the  direction  of  the  current  at  different  times  and  at  different  depths ;  but  all  the 
distances  out  were  taken  by  angles  at  the  ui>per  and  lower  sections  a<?n>ss  the  river, 
and  the  mean  distance  out  has  been  taken  for  the  position  of  the  vertical  i)Iane  of 
velocities. 

When  the  velocities  were  measured  with  the  current-meter  they  were  likewise  taken 
at  about  100  feet  intervals  across  the  river,  and  at  each  foot  in  depth  to  the  bottom. 
The  lowest  observation  in  each  vertical  series  was  generally  about  four-tenths  of  a 
foot  from  the  bottom.  The  meter  was  lowered  until  the  lead  aisk  touched  the  anchor- 
weight  lying  on  the  bottom,  which  was  the  lowest  practicable  dex)th  that  could  be 
observed. 

At  each  point  of  observation  the  position  of  the  standing-line  upon  which  the  meter 
was  run  was  fixed  by  angles  from  the  shore. 

In  all  parts  of  the  river  the  meter  observations  could  he  taken  much  nearer  the 
bottom  than  the  floats,  and  this  was  particularly  the  case  near  the  banks.  For  this 
reason  the  majority  of  the  vertical  curves  of  velocities  were  taken  with  the  current- 
meter. 

A  number  of  mid-depth  velocities  at  100  feet  apart  across  the  river  were  taken  with 
floats  at  different  times  to  detenuine  the  discharge.  Two  observations  were  usually 
taken  at  each  point,  and  the  average  used  as  the  true  mid-depth  velocity.  These  mid- 
depth  gauglngs  were  in  all  cases  made  with  double  floats,  such  aa  have  been  i>revioiisly 
descrifcd.  .  Tne  method  of  observing  and  determining  the  path  of  the  floats  wa«  essen- 
tially that  described  in  the  report  upon  the  Mississippi  River.  A  ba«e  of  200  feet  in 
length  wjw  taken  as  being,  periiaps,  tiie  most  convenient  length,  except  in  one  case  at 
the  lowest  water  and  a  mean  velocity  of  .\U  of  a  foot  per  second,  when  a  line  of  mid- 
depth  velocities  was  taken  with  a  base  of  100  feet,  on  account  of  the  great  length  of 
time  taken  by  the  floats  in  passing  over  200  feet. 

The  instruments  were  set  up  at  each  end  of  the  base,  the  signals  were  given,  and 
the  angles  to  the  floats  taken  as  described  by  Humphreys  and  Abbot  in  their  report 
upon  the  Mississippi,  except  that  both  observers  read  the  time.  This  appeared  to  be 
the  best  plan  in  practice.  Errors  in  reading  and  failures  to  get  the  reading  at  all  will 
sometimes  occur,  and  this  method  checks  the  results.    Most  of  the  intervals  of  time 
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recorded  by  the  two  observers  a^ed ;  but  often  the  time  wonld  diflPer  by  one  flecond, 
and  sometimes  by  two.  In  readme  to  the  nearest  sex^ond  only,  as  was  ordinarily  done 
with  the  float  observ' ations,  each  observer  may  be  nearly  or  quite  half  a  second  out  at 
each  reading,  so  that  the  difference  may  be  nearly  a  second  in  error ;  and  the  time  of 
one  observer  may  be  too  great  and  the  other  too  small  by  this  amount,  even  without 
making  allowance  for  the  personal  errors  of  the  difference  of  time  taken  in  looking 
firom  the  telescope  to  the  watch,  or  in  giving  signals  at  exactly  the  right  instant.  The 
average  time  of  the  two  observers  is  probably  much  more  exact,  and  has  been  used  in 
the  computations.  A  trial  was  made  with  electric  signals,  but  without  a  third  observer, 
to  note  the  time  directly  from  the  signals,  no  greater  precision  was  obtained.  The 
time  observed,  however,  is  sufficiently  accurate,  as  the  fluctuations  and  impulses  in  the 
current  render  greater  precision  unimportant. 

GAUGING  AT  OTHER  PLACES. 

In  addition  to  the  gauging  of  the  river  at  Thompsonville  in  the  present  survey, 
there  have  been  some  pre>'ious  measurements  taken  in  connection  with  the  improve- 
ment of  the  river  which  are  valuable  in  determining  the  discharge. 

Five  gaugings  were  made  at  Hartford  Bar  in  1871,  in  which  the  velocities  were  meas- 
ured at  naif  depths  with  a  Woltmann  current-meter  of  large  size,  and  carefully  rated, 
and  the  discharges  computed  by  the  Humphreys  and  Abbot  methods. 

Gaugings  were  also  made  in  April,  1872,  and  January,  1874,  at  Dividend  Bar,  just 
below  Rocky  Hill,  or  about  nine  miles  below  Hartford.  These  measurements  were 
made  with  double  floats,  taken  at  the  average  mid-depth.  The  mean  section  of  the 
river  waa  divided  into  divisions,  and  the  average  in  each  division  taken  for  the  velocity 
of  that  division.  The  discharge  was  then  computed  by  the  Humphreys  and  Abbot 
mid-depth  formula.  The  bed  of  the  river  at  this  place  is  very  favorable  for  mid-depth 
gauging  with  floats,  being  steep  at  the  banks  and  flat  on  the  bottom  for  nearly  the 
whole  width  of  the  stream.  It  can  only  be  used  at  high- water,  however,  owing  to  the 
effects  of  the  tides  when  the  water  is  at  the  lower  stages. 

These  gaugings  at  Dividend  Bar  were  made  at  the  height  of  the  two  highest  freshets 
since  the  record  of  the  height  of  water  was  commenced,  in  February,  1871.  That 
made  in  January,  1874,  when  the  height  at  Hartford  was  23.87  feet  alwve  low- water,  is 
the  highest  measurement  actually  made  of  the  discharge  of  the  river.  The  rise  of  the 
river  was  carefully  wat<5hed  each  year,  and  as  soon  as  the  water  attained  its  maxiuium 
height  at  Hartford,  operations  were  commenced  at  Dividend  Bar,  so  as  to  obtain  the 
discharge  when  the  wat^r  was  at  its  greatest  height  at  that  place.  In  this  way  the  vol- 
nme  corresponding  to  the  height  at  Hartford  was  accurately  obtained  by  direct  meaHure- 
ment,  except  the  increase  from  the  entrance  of  small  streams  between  the  two  points. 

The  river  has  also  been  gauged  by  observing  the  heights  of  water  at  Holyoke  Dam. 
The  quantity  of  discharge,  in  the  absence  of  any  direct  experiments  upon  this  particu- 
lar form  of  dam,  has  been  computed  by  Francis  formula,  without  end  contraction,  of 
Qs=:3.33  klffOS  being  the  best  known. 

This  dam  is  1,017  feet  long  on  the  crest.  It  has  a  slope  back  from  the  crest  of  about 
2^  horizontal  to  1  Vertical,  and  an  apron  in  front  with  a  slope  of  about  2  to  1. 

The  slope  above  the  crest  of  the  dam  would  probably  have  the  efioct  of  increasing 
the  discharge,  by  diminishing  the  bottom  contraction  of  the  vein,  and  the  slope  of  the 
apron  below  the  crest  would  probably  have  the  contrary  effect  of  diminishing  the  flow, 
by  the  resistance  it  offers  to  the  free  discharge  of  the  water  after  it  passes  the  crest. 
These  effects  would  be  small  compared  with  the  whole  quantity  discharged,  and  it  is 
believed  that  they  would  nearly  balance  each  other. 

Levels  were  taken  along  the  crest  of  the  dam  and  compared  with  the  company's 
gauge  upon  the  south  abutment  near  the  gate-house. 

A  record  of  the  height  of  the  water  has  been  kept  here  at  times  by  the  Holyoke 
Water-Power  Company,  copies  of  which  at  various  times  have  been  obtained  through 
the  kindness  of  the  late  Mr.  Stewart  S.  Chase,  the  company's  engineer,  and  of  Mr. 
William  A.  Chase,  his  successor. 

MECHANICAL  DETERMINATION  OF  MEAN  VELOCITY. 

During  the  observation  at  Thompsonville  of  the  velocities  of  the  currents  in  verti- 
cal planes  with  the  current-meter,  an  additional  observation  was  taken  at  the  end  of 
each  vertical  series  to  determine  the  mean  velocity  of  the  section  at  one  operation,  by 
mechanically  integrating  from  the  surface  to  the  bottom. 

This  was  done  in  the  loUowing  manner :  The  meter  was  started  at  the  surface,  its 
index-reading  and  the  time  being  noted,  and  passed  slowly  down  the  standing-cord  by 
lowering  the  chain  a  certain  distance  per  second,  until  it  reached  the  bottom,  when  it 
was  immediately  drawn  up  at  the  same  rate  to  the  surface,  when  its  index-reading  ang 
the  time  were  again  noted.    The  unifonnity  of  motion  in  descending  and  asceudlnd 


Digitized  by  VjOOQIC 


312 


REPORT   OF   THE    CHIEF    OF    ENGINEERS. 


were  assured  by  one  aBsistant  counting  the  intervals  of  time  for  each  foot,  while  another 
lowered  the  chain  and  saw  the  successive  foot-marks  enter  the  water.  Equal  spaces 
being  passed  over  in  equal  times,  the  varying  velocities  parsed  through  were  mechan- 
ically averaged,  so  that  the  feet  per  second  deduced  from  the  index-i*eading  and  the 
time  of  the  observation  would  give  the  mean  velocity  of  the  section.  These  observations 
were  taken  as  a  check  upon  the  othere,  not  expecting  that  the  results  would  agree  so 
nearly  with  the  actual  mean  of  the  velocities  at  the  successive  depths  as  has  been 
found  from  the  computed  results.  These  show  a  remarkable  a^eement,  considering 
that  the  integrating  observations  occupied  but  a  very  short  time,  generally  two  or 
three  minutes,  an  interval  of  time  only  sufficient  to  eliiuinate  errors  of  observation  in 
noting  the  number  of  seconds  or  reading  the  index.  The  time  was  not  generally  sufiS- 
cieut  to  average  the  impulses  in  the  current. 

The  following  examples  of  actual  means  of  each  foot  in  depth  and  the  means  found 
by  one  observation  are  given  to  show  the  results  of  two  series  of  sections  across  the 
river.  In  some  cases  the  means  of  all  the  sections  by  the  two  methods  were  alike  to 
the  nearest  hundredth  of  a  foot. 


Section  at  G,  meter  No.  2. 

,                      Section  at  C,  meter  No.  1. 

Depth. 

Mean  of  all  at 
each  foot. 

Mean  by  inte- 
grathig. 

Depth. 

Mean  of  all  at 
each  foot 

Mean  by  inte- 
grating. 

16.6 
17.5 
16.5 
15. 5 
14.  a 
13.7 
11.2 

a4 

5.8 

.43 
.78 
1.12 
LU 
1.21 
L26 
1.03 
.94 
.68 

.50 
.83 
1.07 
1.12 
L23 
L25 
.99 
.94 
.67 

6.2 

12.8 

19.3 
1             22.3 

20.8 

19.7 
j  19.7 
1             17.4 

15.6 

1            13.1 

&3 

'              5.2 

Sum 

.49 

.93 

1.91 

2.51 

2.71 

2.58 

2.17 

1.92 

L45 

L40 

.90 

.73 

.46 
.91 
1.88 
2.46 
2.70 
2.57 
2.13 
1.89 
1.49 
1.44 
.93 

Sum 

a56 

&60 

.75 

Mean 

.951 

.956 

19.70 

19.61 

Mean 

L642 

1.634 

It  will  be  seen  from  the  close  agreement  of  these  quantities  that  this  presents  a  very- 
rapid  and  accurate  method  of  ganging  streams  whose  bottom  velocity  is  not  too  small 
to  bo  registered  by  the  current-meter.  One  operation  at  each  point  located  on  a  cross- 
section  of  the  stream  by  measurement,  or  by  an  angle  from  the  shore,  gives  both  the 
depth  and  mean  velocity  at  the  same  time.  The  discharge  can  be  readily  computed  by 
Simpson's  rule  applied  to  the  rectangles  of  the  mean  velocities  by  the  depths,  if  the  in- 
tei-vals  between  the  sections  are  equal.  If  they  are  unequal,  as  will  usually  be  the  case 
in  rivers,  the  volume  can  be  obtained  by  multiplying  the  mean  area  of  each  two  such 
rectangles  by  the  distance  between  them  in  feet,  and  adding  the  results  for  the  sev- 
eral divisions  together  to  obtain  the  total  discharge.  This  gives  the  number  of  cubic 
feet  passing  the  section  in  one  second.  The  method  of  averaging  end  areas  gives  a 
slightly  too  great  volume  when  the  bounding-lines  of  the  prismoids  are  straignt,  but 
the  outwanl  curve  of  the  bottom  and  horizontal  velocity  curves  compensate  this  small 
enor.  In  order  to  obtain  accurate  results  by  the  foregoing  method,  it  is  evident  that 
the  meter  used  must  be  of  such  construction  as  not  to  oe  affected  by  the  vertical 
motion. 

METHOD  OF  PLOTTING  AND  REDUCING  OBSERVATIONS. 

Tlie  total  number  of  velocity  observations  taken  during  the  past  season  at  Thomp- 
sonville  was  1,434 ;  of  these,  1,266  were  taken  in  the  vertical  velocity  planes.  In  ad- 
dition to  the  use  of  these  ob8er\'atioiis  for  detennining  the  mean  velocity  and  discliarge 
of  the  river  at  different  stages,  they  have  been  plotted  and  grouped  in  various  ways  to 
ascertain  the  character  and  form  of  the  curves. 

The  observations  wen*  first,  all  plotted  upon  section-paper,  showing  the  velocities 
at  each  foot  in  depth  in  each  vertical  plane.  At  the  bottom,  a  velocity  was  assumed 
and  marked  upon  the  section,  corre8i)onding  as  nearly  as  possible  with  the  general 
direction  and  curve  of  the  points  above. 

With  the  float  observations  this  point  was  sometimes  a  little  doubtfril,  and  the  per- 
son \  acing  it  might  be  somewliat  inlhienced  by  preconceived  opinions  as  to  its  exact 
i-osition  ;  but  with  the  meter  observ^ations,  the  lowest  velocity  measured  was  so  ueai* 
tho  Isottom  that  there  could  be  but  very  little  variation  in  following  the  general  line 
of  Ihe  iKiints  above  and  locating  the  bottom  velocity  upon  the  section. 


Digitized  by  VjOOQIC 


APPENDIX    B.  313 

Lines  were  then  drawn  tlirough  the  points  at  the  ends  of  the  ordinates  representing 
the  velocity  at  the  different  depths  in  each  section,  with  no  attempt  to  modify  the 
form.  All  of  the  sections  were  then  divided  into  tenths  of  the  total  depth  for  the 
purpose  of  comparison.  Two  methods  of  comparing  and  taking  the  means  of  these 
vertical-velocity  curves  have  heen  employed ;  one  hy  computation  only,  to  determine 
more  exactly  the  form  of  the  mean  curves,  and  the  other  by  graphic  methods  of  group- 
ing, to  endeavor  to  ascertain  if  the  number  of  ol>serv'ations  would  he  sufficient  to  show 
a  different  form  of  curve  in  different  sections  across  the  river. 

For  the  first  method,  the  ordinates  at  the  surface  and  at  each  tenth  in  depth  to  the 
bottom  were  taken  from  the  plots  of  the  velocities  before  described  and  the  arithmeti- 
cal means  computed  for  each  de^th. 

The  mean  of  all  the  meter  sections  having  a  mean  velocity  below  1.86  feet  per  second, 
which  was  assumed  as  a  division  between  the  high  and  low  velocities,  w^as  first  com- 
puted. The  result  is  plotted  in  Figure  1  of  the  sheet  of  diagrams  of  vertical  curves  of 
current  velocities  herewith  submitted. 

The  corresponding  mean  curve  of  all  the  float  sections  having  a  mean  velocity  of 
less  than  1.86  feet  per  second  was  next  computed.  The  result  is  Siown  in  Figure  2  of 
the  diagram. 

The  mean  of  all  the  above  sections  was  then  taken  to  ascertain  the  mean  curve  of 
low  velocities  with  both  meters  and  floats.  The  result  is  plotted  in  Figure  3  of  the 
diagrams. 

xhe  means  of  all  the  meter  and  float  sections  having  an  average  velocity  above  1.86 
feet  per  second  were  then  computed,  separately  and  combined,  as  described  for  the  low 
velocities,  in  order  to  ascertain  the  mean  curve  for  high  velocities.  These  results  are 
shown  in  Figures  4,  5,  and  6  of  the  diagrams. 

The  mean  of  all  the  meter  curves,  the  mean  of  all  the  float  curves,  and  the  grand 
mean  of  all,  were  then  computed.  These  results  are  shown  in  Figures  7,  8,  and  9  of 
the  diagrams. 

The  numerical  means  firom  which  these  figures,  1  to  9,  are  jplotted  are  given  in  a  tab- 
ular form  farther  on,  following  the  tables  of  vertical  velocities  from  which  they  are 
deduced. 

In  order  to  further  compare  these  results,  and  observe  more  distinctly  what  differ- 
ences there  mi^ht  be  in  the  general  form  of  the  curves^  they  were  all  reduced  to  a  mean 
velocity  of  unity  by  graphically  dividing  all  the  ordinates  in  each  curve  by  its  mean 
velocity  and  plotting  the  results  in  Figure  10  to  18  immediately  under  the  correspond- 
ing original  curve. 

In  the  second  method  of  grouping  and  arranging  the  vertical-velocity  curves,  the 
meter  and  float  observations  were  ttusen  separately ;  mainly  on  account  of  the  meters 
running  so  much  nearer  the  bottom,  at  the  sides  of  the  river,  than  was  the  case  with 
the  floats,  and  therefore  being  more  useful  in  determining  the  different  form  of  the 
curve  in  the  different  portions  of  the  river-bed. 

The  sections  across  the  river  at  F^  G,  and  B  were  divided  into  seven  divisions,  and 
at  C,  into  five  divisions.  These  divisions  were  nearly  equal,  but  were  taken  up  so  as 
to  include  characteristic  portions  of  the  river-bed ;  some  of  the  divisions  having  slop- 
ing bottoms  near  the  banks,  and  others  being  nearly  flat  near  the  middle. 

The  vertical-velocity  curves  were  grouped  in  each  of  these  divisions,  and,  for  the  pur- 
pose of  comparing  those  of  different  depths  and  velocities,  they  were  reduced  to  the 
same  effective  depth  by  taking  tenths  of  the  total  depth,  and  to  the  same  velocity  by 
taking  the  mean  velocity  of  the  section  equal  to  unity. 

The  method  of  det«muning  the  mean  velocity  in  each  curve  was  different  from  the 
one  before  used,  of  taking  tne  mean  of  the  velocities  at  each  tenth  of  the  depth.  In 
this  second  method  the  mean  velocities  were  obtained  by  taking  the  area  of  the  figure 
formed  by  the  velocity  ordinates  with  a  plauimeter  adjusted  to  the  scale  of  the  sec- 
tion-paper, and  dividing  this  area  by  the  depth.  This  gives  the  true  mean,  however 
irregular  the  figures  may  be.  Two  independent  measurements  of  each  figure  were 
made  with  the  planimeter,  and  they  rarely  differed  more  than  ^^  of  the  area. 

The  curves  grouped  in  divisions  were  then  plotted  aU  to  the  same  depth  and  mean 
velocity  by  setting  a  pair  of  x>roportioiial  dividera  with  the  opening  at  one  end  at 
unity,  and  the  other  at  the  actual  mean  velocity  of  each  section,  and  transferring  the 
distances  out  mechanically  to  the  new  section  in  the  division  group. 

The  result  of  this  grouping  was  that  with  the  number  of  curves  taken  no  material 
difference  was  observed  between  t\iQ  curves  in  the  middle  and  at  the  sides  of  the  river; 
at  least  none  that  was  not  more  than  counterbalanced  by  the  local  irregularities  in 
each  section. 

In  each  of  the  divisions  a  curve  was  drawn  avera^ng  the  lines  plotted,  and  the  mean 
of  these  curves  in  the  several  divisions  across  the  nverwas  taken  and  plotted.  These 
means  are  shown  in  Figures  19  to  23,  for  the  meter  observations,  and  in  Figures  25  and 
26  for  the  floats.  The  means  of  all  the  meter  and  float  observations  were  then  found 
by  combining  these  last  sets  of  curves,  and  plotted  in  Figures  24  and  27.    In  these 
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last  groupings  the  cuTves  are  slightly  different  from  those  obtained  by  taking  the  means 
aritnmeticauy,  for  two  reasons : 

First,  in  the  means  obtained  by  computation,  the  sections  containing  uncertain  or 
suspected  bottom  velocities  were  omitted,  and  the  means  taken  of  the  others ;  while 
in  the  means  obtained  by  the  graphic  methods  all  the  vertical  sections  are  included. 

Second,  in  the  first  method  equal  weights  are  given  to  each  section  in  taking  the 
means ;  while  in  the  second  method  equal  weights  are  given  to  divisions,  some  of 
which  contain  a  greater  number  of  sections  than  the  others. 

Neither  of  the  foregoing  methods  is  advanced  as  a  mathematical  deduction  of  the  law 
of  the  cur\- es.  They  are  given  only  to  show  the  general  form.  For  exact  determinar 
tlons  of  the  law  of  the  curves  neither  of  these  methods  is  strictly  correct.  Of  the  two, 
preference  should  be  given  to  the  numerical  means. 

During  the  season  when  the  herein-described  current  experiments  were  made  at 
Thompsonville,  the  winds  were  generally  very  Ught,  and  the  greater  part  of  the  ob- 
servations were  but  slightly  affected  by  the  effect  of  the  wind  upon  the  surface  of  the 
water.  The  curves  were  grouped  in  various  ways  to  determine  the  amount  of  wind 
effect,  but  the  results  have  not  been  very  satisfactorv.  It  appears  from  some  of  the 
observations  that  other  causes  than  the  effect  of  the  windT  raised  and  lowered  the 
thread  of  greatest  velocity,  which  the  number  of  observations  taken  was  not  sufficient 
to  eliminate.  The  best  result  that  could  be  obtained  was  that  the  axis  of  the  vertical 
curve  was  raised  or  lowered  about  tJtj  of  the  depth  for  each  mile  per  hour  the  wind 
was  blowing  down  or  up  stream. 

TABLES  OP  VERTICAIi-VELOCITy  CURVES. 

The  results  of  the  observations  taken  in  vertical  planes  at  Thompsonville  have  been 
arranged  in  a  tabular  form  for  convenience  of  reference. 

The  surface  and  bottom  velocities  assumed  for  the  purpose  of  computing  the  means 
and  taking  the  velocities  at  tenths  of  the  depths  in  the  comparisons  of  the  several 
curves  are  marked  thus  *. 

Where  the  observations  were  taken  with  current-meters,  the  nearest  that  the  meter 
could  be  run  to  the  surface  has  been  taken  for  the  surface  velocity.  At  the  bottom, 
which  the  meter  could  not  reach  witlun  about  four-tenths  of  a  foot,  the  velocity  has 
been  assumed,  and  the  figures  in  the  tables  are  marked  thus  *. 

The  method  adopted  mr  obtaining  the  nearest  approximation  to  the  mean  velocity 
of  the  river  for  each  particular  curve  has  been  to  group  a  series  across  the  river,  hav- 
ing nearly  the  same  height  of  water,  and  taken  as  nearly  as  possible  at  the  same  time, 
and  take  the  mean  height  of  these  to  give  the  area  for  computing  the  mean  velocity 
of  the  whole  section ;  then  to  find  how  much  this  mean  would  be  increased  or  dimin- 
ished by  slight  changes  in  the  rise  and  fall  of  the  surface,  and  to  vary  its  value  for 
each  vertical  curve  according  as  the  surface  at  the  time  it  was  taken  was  higher  or 
lower  than  the  assumed  mean.  This  gives  a  close  approximation  to  what  would  be 
the  actual  mean  velocity  at  the  time  tne  particular  observations  were  taken.  The 
numbers  of  the  several  planes  in  the  following  table  are  given  in  the  order  in  which 
they  were  originally  plotted,  commencing  from  the  east  bank,  which  does  not  in  all 
cases  correspond  with  the  dates  or  order  m  which  they  were  taken. 

FLOAT  OBSERVATIONS  AT  POSITION  F. 


No.  1,  taken  May  12,  1874. 

Distance  out  from  east  base,  130  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  of  river feet  per  second . . 

Direction  and  force  of  wind,  southeast,  1  to  2.  t 


46.213 
2.39 
2.87 


Depth. 

Observed  yeloo- 
ity  per  eecond. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet. 
0 

0.85 
1 

FeeL 
2.81* 
2.82 
2.92 

FeeL 
2 
3 
4 

FeeL 
2.90 
2.90 
2.88 

FeeL 
5 
6 

7 

FeeL 
2.80 
2.80 
2.65 

FeeL 
8 

FeeL 
2.27* 

t  Each  degree  of  the  force  of  the  wind  is  about  2|  miles  per  hour. 
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No,  2,  taken  May  12. 

Distance  ont  from  east  baae,  229  feet. 

Height  of  surface  of  water  above  Hartford  zero .feet..  45.213 

Meaa  in  vertical  plane  by  observed  velocities feet  per  second . .    2. 81 

Mean  velocity  of  river feet  per  second..     2. 87 

Direction  and  force  of  wind,  southeast,  1  to  2. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth- 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

0 

0.35 
1 
2 

FeeL 
3.20* 
3.20 
3.20 
3.15 

FmL 

3 

4 
5 
6 

Feet 
3.10 
8.15 
3.08 
&13 

7 
8 
9 
10 

FmL 
2.82 
2.98 
2.92 
2.96 

Feet 
11 
12 
16.5 

Feet 
2.78 
2.77 
L76* 

No:  3,  taken  May  13. 

Distance  out  from  east  base,  327  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  southeast,  1. 


44.508 
2.57 
2.55 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

IVet 

FeeL 

FeeL 

FeeL 

Feet. 

FeeL 

FeeL 

FeeL 

ao8* 

2.80 

11 

2.90 

17 

2.43 

a35 

3.08 

2.94 

12 

2.69 

18 

2.25 

3.01 

2.86 

13 

2.55 

21 

L82* 

3.06 

2.72 

14 

2.58 

2.88 

2.84 

15 

2.44 

2.85 

10 

2.78 

16 

2.34 

No,  4,  taJcen  May  13. 

Distance  out  from  east  base,  447  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  south,  1. 


44.508 
2.70 
2.53 


DepttL 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

0 

3.10* 

5 

2.95 

11 

2.82 

17 

2.34 

a35 

3.10 

6 

2.99 

12 

2.65 

18 

2.44 

1 

3.08 

7 

3.04 

13 

2.<» 

19 

2.30 

2 

3.03 

8 

&04 

14 

2.64 

20 

2.17 

3 

3.15 

9 

2.96 

15 

2.65 

22 

1.82* 

4 

2.88 

10 

2.96 

16 

2.60 
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No,  5,  taken  May  15. 

Distance  out  from  east  base,  544  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  of  river feet  jier  second.. 

Direction  and  force  of  wind,  southeast,  0  to  2. 


43.467 

2.78 
2.06 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

Feet 

Feet. 

Feet 

FeeL 

Feet 

Feet 

Feet 

0 

3.10* 

5 

3.13 

11 

2.86 

17 

2.47 

0.85 

3.10 

6 

2.92 

12 

2.92 

18 

2.22 

1 

3.03 

7 

3.10 

13 

2.63 

19 

2.17 

2 

3.03 

8 

2.80 

14 

2.86 

20 

1.83* 

3 

2.99 

0 

3.06 

15 

2.69 

4 

2.97 

10 

2.88 

16 

2.65 

No.  6,  taken  May  20. 

Distance  out  from  east  base,  636  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southeast,  1. 


44.782 
2.92 
2.67 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

0 

3.38* 

5 

3.39 

11 

2.67 

17 

2.55 

0.35 

3.39 

6 

&46 

12 

2.99 

18 

2.19 

1 

3.28 

7 

3.23 

13 

2.63 

19.7 

L23* 

2 

3.48 

8 

3.26 

14 

2.82 

3 

3.31 

9 

2.86 

15 

2.84 

4 

3.54 

10 

2.99 

16 

2.60 

No.  7,  taken  May  22. 

Distance  out  from  east  base,  735  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  45.484 

Mean  in  vertical  plane  by  observed  velocities feet  per  second .  -    3. 26 

Mean  velocity  of  river feet  per  second..     3.01 

Direction  and  force  of  wind,  northwest,  2  to  4. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 9J»»^rve^  ^<^>««- 
*^        ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet             Feet 

0 

3.64 

5 

3.61 

11 

3.54 

17 

2.65 

0.85 

3.64 

6 

3.48 

12 

3.48 

17 

2.43 

1 

3.75 

7 

3.28 

13 

3.08 

19 

2.27 

2 

3.54 

8 

3.57 

14 

8.08 

19.9 

2.08* 

3 

3.64 

9 

3.64 

15 

2.99 

4 

3.81 

10 

8.57 

16 

2.57 
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No.  8,  taken  May  26. 

Distance  out  from  east  base,  841  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  46. 217 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     3. 00 

Mean  velocity  of  river feet  per  second..    2.89 

Direction  and  force  of  wind,  southwest,  1. 


Depth. 

Observed  veloe- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet 

Feet 

F^et 

Feet 

Feet 

Feet 

Feet 

Feet    . 

0 

3.32* 

4 

8.17 

9 

2.84 

14 

2.88 

0.35 

3.33 

5 

3.28 

10 

a  18 

15 

2.47 

1 

3.36 

6 

a  26 

11 

ao6 

16 

2.47 

2 

3.23 

7 

8.36 

12 

2.97 

17 

2.06 

3 

2.99 

8 

8.86 

18 

a  01 

17.8 

1.78* 

No,  9,  U^cen  May  26. 

Distance  out  from  east  base,  945  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  northwest,  2. 


45. 217 
3.01 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 

DepttL 

Observed  veloc- 
ity per  second. 

•n-^+i.   Observed  veloc- 
I^P**^   ity  per  second. 

1              I 

Feet 
0 

ass 

1 

2 
3 

Feet 

a  17* 
a  17 
a  31 
a34 
a  26 

Feet 

4 
5 
6 
7 
8 

Feet 
a23 
a  15 
a  31 

a  15 
a  23 

Feet, 
9 
10 
U 
12 
13 

Feet 

2.88 
2.75 
2.84 

a88 

2.88 

Feet    '          Feet 

14  2. 38 

15  '           2. 07* 

1 

1 

No.  10,  taken  May  27. 

Distance  out  from  east  base,  1,037  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  44.  884 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     2. 78 

Mean  velocity  of  river - feet  per  second..     '2.70 

Direction  and  force  of  wind,  northwest,  1. 


T^..«v    Observed  veloc- 
^P*''-    ity  per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

DeptlL 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet              Feet 

0  a  32* 
6.35                a33 

1  a  15 

2  a  13 

Feet. 
3 
4 
5 
6 

Feet 
a  06 
2.96 
2.95 
a  01 

Feet 

I 

9 

1 

Feet 
2.00 
2.76 
2.74 
2.50 

Feet 

11 
12.3 

Feet 
2.15 
1.66* 
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No,  11,  taken  May  27. 

Distance  out  from  east  base,  1,142  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  1. 


44.884 
2.21 
2.70 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

0.36 

1 

Feet. 
2.82* 
2.82 
2.77 

FeeL 
2 
8 
4 

FeeL 
2.66 
2.57 
2.67 

FeeL 
6 
6 
7 

FeeL 
2.26 
2.10 
2.17 

FeeL 

8 
10.8 

FeeL 
1.06 
L12* 

FLOAT  OBSERVATIONS  AT  POSITION  G. 

No.  12,  taken  June  16. 

Distance  out  from  east  base,  549  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  41.323 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     1. 30 

Mean  velocity  of  river feet  per  second..     1.14 

Direction  and  force  of  wind,  south-southeast,  2. 


Depth. 

Observed  veloc- 

Depth. 

Observed  yeloo- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet. 

FeeL 

Feet. 

FeeL 

FeeL 

FeeL 

FeeL 

JV«t 

0 

1.42* 

4 

L43 

9 

L46 

14 

.     1,16 

0.36 

1.43 

6 

L44 

10 

L28 

16 

1.13 

1 

1.43 

6 

L41 

11 

L33 

16 

0.98 

2 

1.30 

7 

1.87 

12 

1.26 

17 

0.68* 

8 

1.31 

8 

L41 

18 

L28 

No,  13,  taken  June  15. 

Distance  out  from  east  base,  646  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


41.423 
1.53 
1.17 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 

0 

0.86 

1 

2 

3 

FeeL 
1.76* 
1.76 
1.72 
1.65 
1.73 

Feet. 
4 
6 
6 
7 
8 

FeeL 
L72 
1.69 
1.60 
L66 
L64 

FeeL 
9 
10 
11 
12 
13 

FeeL 
L64 
1.47 
1.40 
L46 
1.41 

FeeL 
14 
16 
16 

FeeL 
L32 
1.11 
0.81* 
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No,  14,  taken  June  15. 

Distance  oat  from  east  base,  744  feet. 

Height  of  snrface  of  wat«r  above  Hartford  2sero feet..  41. 423 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     1. 51 

Mean  velocity  of  river •. feet  per  second..     1. 17 

Direction  and  force  of  wind,  calm. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  aeoond. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc. 
ity  per  second. 

Feet, 

0 

0.35 

1 
2 
3 

Feet 
!.(«* 
1.63 
L77 
1.71 
1.70 

Feet 

Feet 
1.66 
L73 
1.79 
L58 
L62 

Feet, 
9 
10 
11 
12 
13 

Feet 
L52 
L50 
1.30 
L39 
1.26 

Feet, 

14 

16.5 

Feet. 
1.10 
0.73* 

No.  15,  taken  June  12. 

Distance  ont  from  east  base,  841  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  northeast,  1- 


41.631 
1.53 
1.30 


T«<...«.u  i  Observed  veloc- 
^Vth.    ity  per  second. 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

FeeL               FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

0         1              1. 64* 

4 

L71 

9 

L53 

14 

0.78 

0.85                  1.65 

5 

L74 

10 

L81 

15 

0.30* 

1                       1.67 

6 

1.64 

11 

L44 

2                       1.86 

7 

1.77 

12 

1.52 

3                       1.74 

8 

1.65 

13 

1.25 

No,  16,  taken  June  12. 

Distance  out  from  east  base,  953  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  southwest,  1. 


41.631 
1.26 
1.30 


■»v«*v    Observed  veloc- 
"^^'^    ity  per  second.  | 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity  per  second. 

FeeL                FeeL 

0  1.30* 
0.36                  1.20 

1  L32 

2  1              1.45 

FeeL 
3 
4 
6 

6 

FeeL 
1.44 
1.52 
1.43 
1.33 

FeeL 

7 
8 
0 
10 

Feet. 
L32 
1.33 
LIO 
1.06 

Feet, 
12 

Feet. 
0.73* 
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No,  17,  taken  June  9. 

Distance  out  firom  east  base,  1,040  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  43. 097 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     1. 31 

Mean  velocity  of  river feet  per  second..     1.80 

Direction  and  force  of  wind,  southwest,  2. 


I>epth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

TV>.n*h    Observed  veloc- 
^^^    ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet. 
0 

0.85 
1 

FeeL 
1.54* 
1.54 
1.52 

FeeL 
2 
3 

i       ' 

FeeL 
L53 
1.56 
L54 

FeeL              FeeL 

5  L57 

6  1.41 

7  L33 

FeeL 

8 
0 
10.3 

Feet. 
L21 
0.87 
0.42* 

No,  18,  taken  June  9. 

Distance  out  from  east  base,  1,149  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  43. 097 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     1. 25 

Mean  velocity  of  river.--. feet  per  second..     1.80 

Direction  and  force  of  wind,  calm. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observetl  veloc- 
ity per  second,  i 

Depth 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 

0 

0.35 

1 

FeeL 
1.42* 
1.42 
1.47 

FeeL 
2 
3 

4 

FeeL           ! 
1.47 
1.39 
1.33 

FeeL 
5 
6 
6.5 

Feet, 
L26 
1.10 
1.02 

FeeL 

8 

FuL 

o.esr 

No,  19,  taken  June  25. 

Distance  out  from  east  base,  1,070  feet. 

Height  of  surface  of  wat«r  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  west-northwest,  1. 


41.64 
0.98 
1.38 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second.  1 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 

0 

0.35 

1 

Feet 
1.22* 
1.23 
1.21 

1 
Feet 

1  \ 

Feet 
1.16 
1.20 
1.06           1 

FeeL 
5 
6 

7 

FeeL 
0.06 
0.05 
0.80 

Feet. 
8.5 

Feet 
0.31* 
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Xo.  20,  taken  June  ^. 

IMstance  out  firom  east  base,  1,168  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  west-northwest,  1. 
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41.64 
0.71 
1.38 


Depth. 

Observed  Teloc- 
ity per  seoond. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FmL 

0 
0.35 

FeeL 
6.8©* 
a88 

F9eL 

1 
2 

FuL 
0.86 
0.85 

FuL 
8 
4 

FeeL 
0.88 
0.85 

FeeL 
4.5 
6 

FwL 

0.72 
0.38* 

METEB-OBSERYATIONS  AT  POSITION  F. 

CurrenUmeteTy  Ko,  1. 

No.  1,  taken  May  12. 

Distance  out  from  east  base,  130  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southeast,  1. 


45. 213 
2.38 
2.59 
2.87 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FteL 
0 

1 
2 

FeeL 
2.88 
2.71 
2.60 

FeeL 
8 

4 
6 

FeeL 
2.76 
2.67 
2.58 

FeeL 

6 
7 
8 

Fek, 
2.40 
2.20 

Lie 

FeeL 

8.8 

FeeL 
0.41* 

No.  2,  taken  May  12. 

Distance  ont  from  east  base,  229  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

M«an  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southeast,  1  and  2. 


45.213 
2.72 
2.75 
2.87 


Depth. 

Observed  Trioc* 
ily  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 

FeeL 
8.12 
aD6 
8.10 
3.21 
3.13 

FeeL 

FeeL 
2.97 
2.05 
2.83 
2.87 
2.72 

FeeL 
10 
11 
12 
13 
14 

FeeL 
2.58 
2.61 
2.41 
2.47 
2.44 

FeeL 
15 

15.8 

FeeL 
LOl 
1.43* 

21  £ 
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No.  3;  taJcen  May  13. 

Distance  out  from  east  base,  341  feet. 

Height  of  surface  of  water  above  Hartford  zero .....feet^. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river.... ...: feet  per  second.. 

Direction  and  force  of  wind,  south/ 1. 


44.508 
2.:{9 
2.13 
2.55 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet 

Feet 

Feet 

FesL 

Feet 

Feet 

FeeL 

FeeL 

0 

2.81 

6 

2.86 

12 

2.48 

18 

2.08 

1 

2.86 

7 

2.67 

13 

2.43 

19 

1.76 

2 

2.04 

8 

2.77 

14 

2.50 

20 

1.41 

3 

2.04 

9 

2.72 

15 

2.27 

21 

1.28 

4 

2.86 

10 

2.45 

16 

2.33 

2L8 

0.96* 

5 

2.69 

11 

2.50 

17 

2.01 

No.  4,  taken  May  14. 

Distance  but  from  east  base,  448  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  44. 237 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     2. 48 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .    2.  50 

Mean  velocity  of  liver :....-..: feet  per  second..     2.34 

Direction  of  force  of  wind,  northwest,  1. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc-. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

0 

2.66 

6 

2.80 

12 

2.41 

18 

2.32 

1 

2.55 

7 

2.85 

13 

2.41 

19 

2.11 

2 

2.01 

8 

2.67 

14 

2.49 

20 

1.71 

3 

2.87 

9 

2.60 

15 

2.42 

2L9 

0.52* 

4 

2.80 

10 

2.59 

16 

2.54 

5 

2.74 

11 

1 

2.52 

17 

2.40 

No.  5,  taken  May  20. 

Distance  out  ifrom  east  base,  542  feet. 

Height  of  surface  of  water  above  Hartford  zero ...feet..  44. 782 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .    2. 75 

Mean  velocity  in  vertical  -plane  by  integration feet  per  second . .    2. 91 

Mean  velocity  of  river : ; feet  per  second..    2.67 

Direction  and  force  of  wind,  southwest,  3.  ' 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  perseoond. 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

0 

3.09 

6 

3.10 

12 

2.85 

18 

LOB 

1 

3.34 

7 

a  17 

13 

2.78 

19 

1.7B 

2 

3.20 

8 

2.85 

14 

2.88 

20 

2.17 

3 

8.20 

9 

8.07 

15 

2.75 

2L7 

L81* 

.  4  - 

3.33 

10 

3.06  .   . 

.    16 

.2.30 

5 

•      -    3.23'^ 

11 

2.82 

17 

1.90 
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No.  Bf  taken  May  22. 

Distance  out  from  east  baae^  634  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  3. 
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45.484 
2.94 
2.97 
3.01 


Depth. 

Observed  Teloc- 

Depth. 

Obflerred  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet 

Feet 

Feet 

Feet. 

Feet 

Feet 

FeeL 

Feet. 

0 

3.05 

6 

8.43 

12 

2.95 

18 

2.51 

1 

3.40 

7 

8.34 

18 

2.78 

19 

2.21 

2 

3.68 

8 

2.99 

14 

2.42 

20 

2.29 

8 

&52 

9 

2.83 

16 

2.71 

2a5 

2.01* 

4 

3.44 

10 

3.83 

16 

2.34 

5 

3.19 

U 

3.09 

17 

2.38 

No.  7,  taken  May  23. 

Distance  out  from  east  base,  730  feet. 

Height  of  surface  of  water  above  Hartford  zero*. feet..  45.829 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     2. 91 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .     3. 28 

Mean  velocity  of  river feet  per  second..    3.08 

Direction  and  force  of  wind,  calm. 


•n^ti.  1  Observed  veloc- 
■^^1  Ity  per  second. 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

0 

2.71 

3.31 

12 

3.03 

18 

2.33 

1 

3.52 

3.42 

13 

2.91 

19 

2.08 

2 

3.73 

8.13 

14 

2.12 

20 

1.09 

3 

a48 

3.34 

15  .. 

.     1.91 

20.7 

1.74* 

4 

aso 

10 

3.46 

16. 

2.76 

5 

8.55 

11 

2.74 

17 

2.83 

No.  8,  taken  May  26. 

'    Distance  ont  from  east  base,  845  feet. 

Height  of  snrfaoe  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocity feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration.....  • ....  ......feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northwest,  2. 


45.217 
2.96 
2.99 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 

Feet 
8.36 
8.15 
3.37 
8.35 
3.44 

Feet 

Feet 
8.17 
8.07 
8.33 
3.35 
2.82 

Feet 
10 
11 
12 
13 
14 

Feet 
2.94 
2.90 
2.62 
2.89 
2,76 

Feet 

15 
16 

16.6 
17.1 

Feet 
2.42 
1.87 
LOS 
1.58 
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No.  9,  taken  May  26. 

DiBtanoe  out  from  ea^t  base,  938  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  45.217 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .    3. 05 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .    3. 06 

Mean  velocity  of  river • feet  per  second..    2.89 

Direction  and  force  of  wind,  northwest,  2. 


Depth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 

1 
2 
3 

4 

FeeL 
8.32 
8.10 
3.33 
a38 
8.81 

FeH, 
5 
6 

7 
8 
0 

Feel. 
8.42 
3.18 
8.15 
8.18 
8.83 

Feet 
10 
11 
12 
18 
14 

Feet. 
2.00 
2.80 
2.80 
2.56 
2.60 

Feet 
14.7 
15.6 

Feet 
2.52 
2.03* 

No.  10,  taken  May  27. 

Distance  out  from  east  base,  1,038  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second .  - 

Mean  velocity  of  river , feet  per  second... 

Direction  and  force  of  wind,  northwest,  1. 


44.884 
2.63 
2.71 
2.70 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 

0 
1 
2 
8 

Feet 
2.65 
2.04 
8.07 
a  10 

Feet 
4 
5 
6 
7 

Feet 

2.08 
2.08 
2.65 
2.76 

Feet 

8 
0 
10 

n 

Feet 
2.58 
2.62 
2.80 
2.24 

Feet 
1L4 
12.2 

Feet 

L02 
L34* 

No.  II,  taken  May  27. 

Distance  out  from  east  base,  1,132  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  44.884 

Mean  In  vertical  plane  by  observed  velocities feet  per  second . .  2. 32 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .  2. 39 

Mean  velocity  of  river feet  per  second..  2.70 

Direction  and  force  of  wind,  northwest,  1. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

1 

Observed  veloc- 
ity per  second. 

1 

,  Depth. 

1 

Observed  veloc- 

Depth. 

Observed  veloc- 
ity iMr  second. 

Feet 
0 

1 
2 

Feet 

2.54 
2.60 
2.60 

Feet 
3 
4 
5 

Feet 
2.57 
2.00 
2.81 

Feet 
6 
7 
8 

Feet 
2.00 
2.21 
2.07 

Feet 
0 

0.6 
10 

Fe€t 
2.00 
1.76 
L48* 
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No,  IS,  taken  May  27. 

Distance  out  from  east  base,  1,200  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet.,  44.884 

Meau  in  vertical  plane  by  observed  velocities feet  per  second . .  1. 19 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. .  1. 27 

Mean  velocity  of  river.... , ...........feet  per  second..  2.70 

Direction  and  force  of  wind,  northwest,  1. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

FteL 
0 
1 

FmL 

1.08 
L28 

Feet 

a 

3 

F^eL 
L36 
LOS 

Feet 
3.4 
4.2 

Feet. 
L06 
0.83* 

Feet 

Feet 

METER-OBSERVATIONS  AT  POSITION  Q. 

CurreBt^meter,  2fb,  1. 

No.  13,  taken  June  18. 

Distance  ont  from  east  base,  102  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  northwest,  4  and  5. 


42. 083 
0.79 
0.84 
1.41 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

JVet 
0 

1 

Feet 
0.00 
a  81 

Feet 
2 
8 

Feet 
1.06 

ao3 

Feet 

4 
6 

Feet. 
0.42 
0.52 

Feet 
5.4 

Feet 
0.84* 

No.  14,  taken  June  18. 

Distance  out  from  east  base,  195  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet..  42.083 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. .  0. 92 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. .  0. 96 

Mean  velocity  of  river feet  per  second. .  1.41 

Direction  and  force  of  wind,  northwest,  4. 


Depth. 

Oboervedveloo. 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

1 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 
1 
2 
8 

Feet 
L29 
1.25 
L83 
1.18 

Feet 

4 
5 
6 
7 

Feet 
L21 
L18 
1.20 
0.85 

Feet 

8 

9 
10 
11 

Feet 
0.09 
0.97 
L05 
a88 

Feet 

12 

13 

18.9 

14.8 

Feet 
0.55 
0.54 
0.38 
0.25* 
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No.  15,  taken  June  18. 

Distance  out  from  east  base,  309  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  42.083 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. .     1. 31 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. .     1. 31 

Mean  velocity  of  river feet  per  second. .    1. 41 

Direction  and  force  of  wind,  northwest,  4. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  aeoond. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet 

Feet 

Feet 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

0 

1.49 

6 

L50 

12 

1.27 

18 

0.88 

1.49 

7 

1.49 

13 

1.23 

19 

0.62 

1.56 

8 

1.59 

14 

1.26 

19.4 

0,36* 

L59 

9 

L30 

15 

1.24 

Leo 

10 

L24 

IG 

0.92 

L57 

11 

L32 

17 

0.94 

No,  16,  taken  June  16. 

Distance  out  from  east  base,  309  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.- 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. . 

Mean  velocity  of  river feet  per  second. . 

Direction  and  force  of  wind,  southeast,  4. 


41.323 

1.07 
1.03 
1.14 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

0 

0.98 

6 

1.22 

12 

L15 

18 

0.46 

1 

0.96 

7 

1.22 

13 

L22 

ia4 

0.63 

2 

1.21 

8 

1.21 

14 

0.95 

18.8 

0.29* 

8 

L25 

9 

1.14 

15 

0.96 

4 

L13 

10 

L08 

16 

L02 

6 

1.23 

11 

L21 

17 

0.76 

No.  17,  taken  June  16. 

Distance  out  from  east  base,  437  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. . 

Mean  velocity  of  river ...feet  per  second.. 

Direction  and  force  of  wind,  southeast,  4. 


41.323 
1.35 
1.20 
1.14 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc 
ity  per  second. 

Depth. 

Obseryed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 
1 
2 
8 
4 

FeeL 
LOO 
L43 
L42 
L51 
L61 

t^eL 

Feet. 
L54 
L57 
L53 
L40 
L52 

FeeL 
10 
11 
12 
18 
14 

FeeL 
L46 
L43 
L28 
L27 
L31 

FeeL 

16 

16 

17 

17.8 

18.2 

FeeL 
L27 
0.88 
LU 
0.72 
a46* 
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M.  18,  iakeu  June  15. 

Distance  out  from  east  base,  546  fedt. 

Height  of  surface  of  water  above  Hartford  zero. feet. . 

Mean  in  vertical  plane  by  obaerved  velocities feet  per  second. . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. . 

Mean  velocity  of  river  ..:...: *...-..."......:  .feet  per  second. . 

Direction  and  force  of  wind,  calm. 


41.423 
1.41 
1.45 
1.17 


Depth. 

Observed  reloc- 
ity  per  second. 

Depth. 

Observed  veloc. 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity  per  second. 

0 

1 
2 
3 

4 

Feet 
L58 
1.58 
LGl 
L49 
Lfl4 

FeeL 
5 
6 
7 
8 
9 

Feet 
1.69 
1.59 
1.54 
L49 
1.49 

FeeL 
10 
11 
12 
13 
14 

Feet 

1.42 
L40 
1.23 
L23 
L15 

Feet 

16 

16 

18.8 

17.2 

Feet 
1.23 
1.09 
0.92 
0.73* 

M.  19,  taken  Jwne  15. 

Distance  out  from  east  base,  662  feet. 

Height  of  surface  of  wat«r  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river • •.-. b ^feet  per  second. 

Direction  and  force  of  wind,  calm. 


41.423 
1.44 
1.42 
1.17 


Depth. 

Obaerved  veloc 

Depth. 

Observed  veloc 

Depth. 

Observed  veloc 

Depth. 

Observed  veloc- 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Ity  per  second. 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

0 

L«2 

5 

L74 

10 

L49 

15 

1.20 

1 

L46 

6 

L57 

11 

L39 

15.8 

0.89 

2 

1.00 

7 

1.45 

12 

L43 

18.2 

0.64* 

3 

1.50 

8 

1.51 

13 

Lie 

4 

1.83 

9 

L51 

14 

L22 

^0.20,  taken  June  10. 

Distance  out  from  east  base,  756  feet. 

Height  of  surface  of  water  above  Hartford  zero ^ feet.. 

Mean  in  vertical  plane  of  observed  velocities.... feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  i>er  second . . 

Mean  velocity  of  river .....feet  per  second.. 

Direction  and  force  of  wind,  calm. 


42.747 
2.01 
1.97 
1.70 


Depth. 

Obaerved  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc 

Depth. 

Obser\'ed  veloc- 

ity i>er  second. 

ity  per  second. 

ity  per  second,  i 

ity  per  second. 

Feet 

Feet 

Feet 

Feet. 

Feet 

Feet 

Feet 

Feet. 

2.17 

6 

2.03 

10 

1.95 

15 

1.47 

2.11 

6 

2.07 

11 

L98 

16 

1.29 

2.08 

7 

2.15 

12 

1.82 

16.4 

L14* 

2.19 

8 

2.18 

13 

1.91 

2120 

9 

2.16 

14 

1.89 
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2fo,  21,  taken  June  10. 

Distance  out  from  east  base,  858  feet. 

Height  of  surface  of  water  above  Hartford  zero..... feet.. 

Mean  in  vertical  plane  bv  observed  velocities.--. ....feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second- 
Direction  and  force  of  wind,  calm. 


42.747 
1.94 
1.90 
1.70 


Depth. 

Observed  veloo- 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth- 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 

FeeL 
2.14 
2.07 
2.07 
2.11 
2.16 

Feet, 
5 
6 
7 
8 
9 

Feet 
2.16 
2.08 
2.05 
L95 
L96 

Feet 
10 
11 
12 
13 
U 

Feet 
1.86 
L81 
L73 
L66 
1.69 

Feet 
14.7 
16.1 

Feet 
L32 
L09* 

No,  22,  taken  June  10. 

Distance  out  from  east  base,  949  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  b v  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


42.747 
1.64 
1.66 
1.70 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 

1 
2 
8 

Feet 
L83 
1.90 
L88 
1.80 

Feet 

4 
6 
6 
7 

Feet 
1.86 
1.79 
L66 
L62 

Feet 

8 

9 
10 
11 

Feet 
L08 
1.41 
1.42 
1.39 

Feet 
12 
12.3 
12.7 

I^et 
L30 
1,06 
0.72* 

No.  23,  taken  June  10. 

Distance  out  from  east  base,  1,040  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  b v  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  north,  1. 


42.747 
1.42 
1.45 
1.70 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 
ity per  second. 

Ti__^t-    Observed  veloc- 
■^P**^    ity  per  second. 

Feet 
0 

1 
2 

Feet 
1.61 
1.58 
1.60 

Feet 
3 

4 
6 

Feet 
1.53 
1.58 
1.39 

Feet 
6 

7 
8 

Feet 
L46 
L37 
1.35 

1   Feet 

1    9.9 
1  10.3 

1 

Feet 
1.07 
0.66 
a58* 
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^0.  24,  taken  Jwne  9. 

Distance  out  from  east  base,  1,176  feet. 

Height  of  Bnrface  of  water  above  Hartford  zero feet..     43.097 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .       0. 92 

Mean  velocity  in  vertical  plane  by  integration not  taken. 

Mean  velocity  of  river feet  per  second..      1.80 

Direction  and  force  of  wind,  south-^southwest,  1. 


Depth. 

Observed  veloc- 
ity per  aeoond. 

Depth. 

Observed  veloc- 
ity per  eeoond. 

Depth. 

Observed  veloc- 
ity per  aeoond. 

Depth. 

Obaerved  veloc 
ity  per  second. 

FuL 
0 

1 
2 

FeeL 
1.00 
1.07 

FuU 
3 

4 
5 

Feet 
1.12 
0.96 
0.87 

FuL 

6 

6L5 

8.9 

Fut 

a  75 
a35 

a  10* 

FhL 

FeeL 

HBTEB-OBSKBVATIONS  AT  POSITION  B. 

CvrrenUmeter^  No.  1. 

JSTo.  25,  taken  May  28. 

Distance  ont  from  east  base,  83  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.* 

Direction  and  force  of  wind,  northwest,  1. 


44.30 
2.66 
2.83 
3.50 


Depth. 

Obaerved  veloc- 
ity per  aeoond. 

1 
Depth. 

Obaerved  veloc- 
ity per  aeoond. 

Depth. 

Obaerved  veloc- 
ity per  aeoond. 

Depth. 

Observed  veloc- 
ity per  aeoond. 

FteL 
0 

1 
2 

FeeL 
2.86 
2.93 

ao6 

FeeL 
8 

4 
5 

FeeL 
8.05 
2.89 
2.78 

FeeL 
6 
7 
7.6 

FeeL 
2.28 
2.01 
1.67 

FeeL 

8 

FeeL 

1.83* 

No.  26,  taken  May  28. 

Distance  out  from  east  base,  197  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  northwest,  1. 


44.30 
3.47 
3.35 
3.50 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Obaerved  veloc- 
ity per  aeoond. 

Depth. 

Observed  veloc- 
ity per  aeoond. 

Depth. 

Obaerved  veloc- 
ity per  aeoond. 

FeeL 

0 

1 
2 

FeeL 
3.68 
4.00 
8.92 

FeeL 
8 
4 
5 

FeeL 

8.80 
8.91 
8.16 

FeeL 
6 
7 
7.6 

FeeL 
8.26 
2.94 
2.43 

FeeL 

8 

FeeL 
L83* 
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.  Xo.  27,  taken  May  38. 

Distance  out  from  east  baae,  312  feet. 

Height  of  snrface  of  water  above  Hartford  ssero -- feet.. 

Mean  in  vertical  plane  bv  observed  velocities feet  x)er  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river  ....< feet  per  second.. 

Direction  and  force  of  wind,  northwest,  1. 


44.30 
3.53 
3.84 
3.50 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc 
ity  per  second. 

Feet 
0 
1 
2 

Feet 
4.07 
4.09 
4.20 

Feet 
3 

4 
6 

Feet 
8.84 
8.66 
8.51 

Feet 
6 
7 
7.6 

Feet 
3.13 
2.64 
2.42 

'    Feet 
8 

Feet 
2.09* 

No.  28,  taken  Jfoy  28. 

Distance  oat  from  east  base,  425  feet. 

Height  of  surface  of  water  above  Hartford  2ero feet.. 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  inteigration feet  per  second . . 

Mean  velocity  of  liver , feet  per  second.. 

Direction  and  force  of  wind,  southwest,  1. 


44.30 
3.71 
3.81 
3.50 


Depth- 

Observwl  veloc- 
ity per  second. 

1 

1  Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet. 
0 

1 
2 

Feet 
3.96 
4.41 
4.13 

1   Feet 
3 

4 
6 

Feet 
4.25 
8.78 
8.62 

Feet 
6 
7 
7.2 

Feet 
&12 
2.48 
2.66 

Feet 
7.6 

Feet 
2.18* 

No.  29,  taJcen  May  28. 

Distance  out  from  east  base,  530  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second. « 

Mean  velocity  in  vertical  plane  by  integration « feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southwest,  2. 


44.30 
3.64 
3.73 
3.50 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  Teloc- 
ity per  second. 

Feet 
0 
1 
2 

Feet 
4.05 
3.95 
4.18 

Feet 
3 

4 
5 

Feet 

4.04 
4.02 
4.03 

Feet 
6 

7 
8 

Feet 
&66 
a  42 
3.47 

Feet 
9 

9.9 
10.3 

Feet 
2.77 
2.39 
2.00* 
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No,  30,  taken  Ma^  38. . 

Distance  out  from  east  base,  610  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities  ..-.• feet  per  second . , 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southwest,  2. 


44.30 
3.63 
3.72 
3.50 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Obser^'ed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity pe»  second. 

F9eL 

FuL 

4.30 
8.87 
4.43 
4.80 
4.28 

FeeL 
5 
6 

7 
8 
8 

FeeL 

8.06 
8.88 
4.04 
4.18 
8.96 

FeeL 
10 
11 
12 
13 
14 

FwL 
8.71 
8.51 
2.56 
2.86 
2.89 

Fe^L 
15 
1&5 

F99L 

2.25 
L89* 

No.  31,  taken  Map  28. 

Distance  out  from  east  base,  710  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind^  northwest,  3. 


44.30 
3.d4 
3.95 
3.50 


Depth. 

Observed  veloc- 
ity pep  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 
1 
2 
8 

Feet 
4.29 
4.88 
4.31     • 
4.63 

4 

5 
6 
7 

FeeL 
4.42 
4.30 
8.79 
4.11 

FeeL 

8 

9 
10 
11 

FeeL 
8.02 
&60 
8.48 
2.65 

FeeL 

1L5 
12 

Feet, 
2.59 
L63* 

No,  32,  taken  May  29. 

Distance  out  from  east  base,  636  feet. 

Height  of  surface  of  water  above  Hartford  zero ,  ......feet.. 

Mean  in  vertical  plane  by  observed  velocities.. ...feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. . 

Mean  velocity  of  river feet  i>er  second.. 

Direction  and  force  of  wind,  northwest,  1. 


43.666 
3.97 
4.41 
3.21 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- '  Tk^^^u 
ity  per  second,  j  ^P*^' 

Observed  veloc- 
ity per  second. 

FmL 

0 

1 
2 

FeeL 
8.76 
4.06 
4.63 

FeeLt 
8 

4 
5 

FeeL 
4.36 
4.32 

ao6 

FeeL 
6 

6.9 
7.5 

Fiet, 
8.48 
3.18 
2.86* 

FeeL 

FeeL 
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No.  33,  taJcM  May  29. 
Distance  oat  from  east  base,  910  feet. 

HeigM  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


43.666 
3.8:{ 
3.78 
3.21 


Depth. 

Observed  veloc 
Ity  per  oeoond. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 
1 
2 

Fe4fL 
3.90 

a  81 

4.27 

Feet 
8 
4 
5 

Feet 
4.25 
3.02 
8.83 

FmL 
6 

7 
7.6 

Feet 
8.88 
8.08 
181* 

Feet. 

I^eL 

No.  34,  taken  May  29. 

Distance  ont  from  east  base,  1,020  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second- 
Direction  and  force  of  wind,  calm. 


43. 666 
3.51 
3.50 
3.21 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloo- 
ity  per  second. 

Fe«L 
0 
1 
2 

Fe€L 

a88 

3.97 
3.70 

Fe^ 
8 
4 
5 

Feet 
8.70 
a88 
3.18 

Feet 
6 

«.7 
7.1 

FeeL 
Ml 
2.58 
2.22* 

Feet, 

FeeL 

No. '^^  taken  May  ^. 

Distance  ont  from  east  base,  1,140  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet..  43. 666 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     3. 27 

Mean  veloci  ty  in  vertical  plane  by  integration feet  per  second . .     3. 51 

Mean  velocity  of  river feet  per  second..     3.21 

Direction  and  force  of  wind,  calm. 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity  per  second. 

Feet 
0 

1 

2 

FeeL 
8.80 
8.35 
3.70 

Feet. 
8 

4 
5 

Feet 
3.30 
8.45 
a55 

FeeL 
6 

0.8 
7.2 

FeeL 
2.06 
2.68 
2.20* 

FeeL 

FeeL 
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Ko.  96,  taken  May  29. 

Distance  oat  from  east  baae,  1,240  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet..  43.666 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .  2. 92 

Mean  velocity  in  vertical  plane  by  integration feet  ])er  second . .  3. 12 

Mean  velocity  of  river feet  per  second..  3.21 

Direction  and  force  of  wind,  southwest,  1. 


Depth. 

Obeerved  veloc- 
ity i>er  second. 

Depth. 

Observed  Teloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Obserred  veloc- 
ity per  second. 

FeeL 
0 

1 
2 

FeeL 
a.  10 
3.46 
3.45 

Feet 
3 

4 
5 

FeeL 
3.42 
2.92 
M7 

FeeL 
6 
7 
7.5 

FeeL 
2.51 
L96 
L91 

FeeL 
8 

FeeL 

No.  37,  taken  June  1. 

Distance  out  from  east  base,  1,300  feet. 

Height  of  sniface  of  water  above  Hartford  zero feet..  43.S77 

Mean  in  vertical  plane  by  observedvelocities feet  per  second . .     2. 56 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .    2. 53 

Mean  velocity  of  river feet  per  second. »    2.56 

Direction  and  force  of  wind,  calm. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 

1 
2 

Fe«L 
2.79 
2.00 
2.95 

FetL 
3 
4 
6 

FeeL 
2.97 
2.74 
2.75 

FeeL 
6 
7 
8 

FeeL 
2.55 
2.87 
2,18 

FeeL 
&9 
9.3 

FeeL 
L4e 
0.78* 

mTKR^BSERVATEOKS  AT  POSITION  O. 

Current^meter  No,  1. 

No.  38,  taken  June  2. 

Distance  ont  from  east  base,  51  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  42.387 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . « 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river ..feet  per  second.. 

Direction  and  force  of  wind,  northwest,  1. 


0.49 
0.46 
1.87 


Depth. 

Observed  veloc- 
ity  per  second. 

Depth. 

ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 

I 

reeL 
a  61 

0.51 

FeeL 
2 
3 

FeeL 
0.75 
a62 

FeeL 
4 
5 

FeeL 
0.59 
0.82 

Feet. 
5.9 
6.2 

Feet. 

ao 

0.0* 
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2fd.  ^t  taken  June  2.' 

Distance  out  firom  east  base,  875  feet. 

Height  of  surface  of  water  above  Hartford  zero ......feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river.......... ,..,....» feet  per  second.. 

Direction  and  force  of  wind,  northwest,  1. 


42.387 

0.93 
0.91 
1.87 


Depth. 

Observed  veloc- 
ity per  seoond. 

Depth. 

Obserredveloo. 
ityperseoond. 

Depth. 

Observed  veloc- 
ity per  second. 

DeptlL 

Observed  veloc- 
ity per  second. 

Fett. 
0 
1 
2 
8 

Feet 
L27 
1.01 
LOl 
L07 

FM. 

4 
5 
6 
7 

FteL 
1.12 
L02 
1.05 
0.06 

FmL 

8 

0 
10 
11 

FeO. 
LOS 
0.91 
0.87 
0.64 

i^ast 
12 

12.4 
12.8 

0.49 
0.28 
0.04* 

No,  40,  taken  June  2, 

Distance  out  from  east  base^  215  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration ...feet  per  second.. 

Mean  velocity  of  river '. ...feet  per  second.. 

Direction  and  force  of  wind,  calm. 


42.387 
1.91 

1.83 
1.87 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  velne* 

ity  per  second. 

ity  i>er  second. 

ity  per  second. 

ity  per  second. 

Feet. 

Feet 

FeeL 

Feet. 

Feet 

Feet 

Feet 

JML 

0 

2.27 

6 

2.16 

12 

L96 

18 

L48 

1 

2.16 

7 

2.04 

18 

L92 

ia9 

L02 

2 

2.19 

8 

2.07 

14 

L91 

19.8 

0.65* 

3 

2.20      - 

9 

LOO 

15 

L62 

4 

2.12 

10 

2.02 

16 

L64 

5 

2.11 

11 

L79 

17 

L65 

2{o.  41,  taJcen  June  2. 

Distance  out  from  east  base,  290  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertieal  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


42.387 
2.51 
2.46 
1.87 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

1 
Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloo- 
ity  per  second. 

Feet 

Feet. 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

0 

2.80 

2.79 

12 

2.76 

18 

2.13 

1 

8.01 

2.70 

18 

2.59 

19 

2.09 

2 

2.00 

2.87 

14 

2.44 

20 

L72 

3 

2.89 

2.62 

15 

2.50 

21 

L58 

4 

2.87 

10 

2.48 

16 

2.45 

2L9 

L65 

5 

2.89 

11 

2.80 

17 

2.23 

22.8 

L80* 
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M.  42;  takw  June  2. 
Distance  out  from  east  base,  410  feet- 
Height  of  sniface  of  water  above  Hartford  zero.... ••....• .....feet.. 

Mean  in  vertical  plane  by  observed  velocities..... feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


42.387 
2.71 
2.70 
1.87 


Deptb. 

Observed  vek>o- 

Depftb. 

Obwrredveloe- 

Depth. 

Obeerved  veloo- 1 

Depth. 

Obeerred  veloc- 

ity per  second. 

ity  per  second. 

l^perseoowL 

ity  per  aeooncL 

FteL 

Feet 

Feet 

Feet 

FeeL 

Feet 

FeeL 

JM. 

0 

&03 

6 

8.03 

12 

2.84 

18 

2.23 

1 

2.60 

7 

2.80 

13 

2.99 

19 

2.07 

2 

2.74 

8 

2.81 

14 

2.83 

20 

1.71 

8 

ao3 

9 

3.03 

15 

2.78 

20.4 

L71 

4 

ao7 

10 

2.97 

16 

2.75 

20.8 

L43* 

6 

2.84 

11 

2.73 

17 

2.36 

No.  43,  taken  June  2. 

Distance  ont  from  east  base,  454  feet. 

Height  of  sniface  of  water  above  Hartford  zero feet..  42.387 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     2. 58 

Mean  velocity  in  vertical  plane  by  Integration feet  per  second ...     2. 57 

Mean  velocity  of  river feet  per  second..     1.87 

Direction  and  force  of  wind,  calm. 


X>epth. 

Obeerved  veloc- 

Depth. 

Obeerred  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

FeeL 

1 
FeeL 

FeeL 

Feet. 

Feet. 

FeeL 

FeeL 

2.45 

6 

2.71 

12 

2.60 

18 

1.82 

2.58 

7 

2.86 

13 

2.62 

19 

L78 

2.93 

8 

2.72 

14 

2.32 

10.3 

L83 

2.92 

9 

2.80 

15 

2.82 

19.7 

L56* 

2.93 

1      10 

2.70 

16 

2.63 

2.84 

1      11 

2.70 

17 

2.42 

• 

No.Ai,  taken  June  3. 

Distance  ont  from  east  base,  515  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.- 

Mean  in  vertical  plane  by  obser^d  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river  -.: feet  per  second.. 

Direction  and  force  of  wind,  southwest,  3. 


42.290 
2.17 
2.13 
1.81 


Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

ity  per  second. 

ity  per  second. 

ity/ per  second. 

ity  per  second. 

FeeL 

TeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

2.54 

2.42 

12 

2.15 

18 

1.72 

2.56 

2.40 

13 

1.92 

19 

1.36 

2.71 

2.24 

14 

1.96 

19.3 

1.29 

2.49 

2.29 

15 

2.04 

19.7 

L07* 

2.45 

10 

2.80 

16 

1.05      . 

2.35 

11 

2.08 

17 

L90 
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Ko.  45,  taken  June  2. 

Distance  ont  from  east  base,  600  feet. 

Height  of  BtiTface  of  water  aboTe  Hartford  zero feet.. 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  calm. 


42.387 
1.92 
1.89 
1.87 


Depth. 

Olwerved  veloc- 
ity per  second. 

Depth. 

Obflerved  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 

0 
1 
2 
8 
4 

FseL 
2.01 
1.71 
1.09 
2.11 
2.07 

FmL 
5 
6 
7 
8 
0 

FeeL 
2.11 
2.09 
2.05 
2.01 
2.03 

FeeL 
10 
11 
12 
18 
14 

FeeL 
L91 
2.05 
L95 
2.00 
L83 

FeeL 

15 

16 

17 

17.4 

FeeL 
LOS 
1.52 
L28 
LIO* 

M.  46|  taken  June  3. 

Distance  out  firom  east  base,  720  feet. 

Height  of  surface  of  water  above  Hartford  sero feet.. 

Mean  in  vertical  plane  bv  observed  velocities ......feet  per  second.. 

Mean  velocity  in  vertical  plane  by  observation feet  per  second . . 

Mean  velocity  of  river , feet  per  second.. 

Direction  and  force  of  wind,  southeast,  1. 


42.29 
1.45 
1.49 
1.81 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 

0 
1 
2 
8 

4 

Feet. 
L66 
L49 
182 
1.08 
L64 

FeeL 

FeeL 
1.61 
1.61 
L60 
L68 
L65 

FeeL 
10 
11 
12 
18 
14 

FeeL           \ 
1.54 
1.80 
1.22 
L08 
L27 

I^eL 
15 

15.2 
15.6 

FeeL 
0.81 
0.70 
a66* 

No.  47,  taken  June  3. 

Distance  ont  from  east  base,  832  feet. 

Height  of  surface  of  water  above  Hartford  xero  feet.. 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration  .., feet  per  second.. 

Mean  velocity  of  river ..feet  per  second.. 

Direction  and  force  of  wind,  southeast,  1. 


42.29 
1.40 
1.44 
1.81 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloo 
ity  per  second. 

FeeL 
0 

1 
2 
8 

FeeL 
1.64 
L65 
1.66 
1.64 

I^eL 
4 
6 
6 
7 

FeeL 
L68 

LOO 
LBl 

FeeL 

8 

9 
10 
11 

FeeL 
L66 
L46 
L82 
0.88 

FeeL 

12 

12.7 

18.1 

FeeL 
0.81 
0.87 
0.61 
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No,  48,  taken  June  3. 

Distance  out  from  east  base,  950  feet. 

Heif^ht  of  snrfftce  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities .* . . .  feet  per  second. . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second- . 

Mean  velocity  of  river feet  per  second.. 

Direction  &nd  force  of  wind,  southeast,  2. 


42.29 

0.90 
0.93 
1.81 


Depth. 

Observed  veloc- 
ity per  second. 

'Depth. 

I 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet              Feet 

0  1.03 

1  1.06 

2  0.97 

1   Feet 
3 

4 
5 

Feet 
0.06 
0.06 
LOl 

Feet 
6 

7 
7.9 

Feet 
0.80 
0.73 
0.60 

Feet 
8.8 

1 

Feet 
0.60* 

No.  49,  taken  June  3. 

Distance  out  from  east  base,  996  feet. 

Height  of  snrface  of  water  above  Hartford  zero feet . . 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  south,  2. 


42.29 

0.73 
0.75 
1.81 


Depth. 


Feet 
0 

1 


Observed  veloc- 
ity per  second. 


Feet 
0.85 
0.83 


Depth. 


Feet 
2 


Observed  veloc- 
ity per  second. 


Feet. 
0.94 
0.72 


Depth. 


Observed  veloc- 
ity per  second. 


Feet 

4 
4.8 


Feet. 
0.54 
0.50 


Depth. 


Feet. 
5.2 


Observed  veloc- 
ity per  second. 


Feet 
0.40* 


No,  50,  taken  June  6. 

Distance  out  from  east  base,  93  feet. 

Height  of  surface  of  water  above  Hartfonl  zero feet..  42. 07 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .  0. 47 

Mean  velocity  in  vertical  plane  by  observation feet  per  second..  0. 45 

Mean  velocity  of  river feet  per  second..  1.75 

Direction  and  force  of  wind,  calm. 


Dentil  1  Observed  veUjc-  1  tw«,*u  j  Observe<l  veloc-  j  y^^^x, 
^^^    ity  per  st-coml    ^  ^^^Ptti- 1  ity  per  second.    I  ^P^**- 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet   '           Feet           |    Feet 

0  0.55           1,       4 

1  !             0.56            '       6 

2  0.63             16 

3  0.71             1        7 

Feet           1 
0.56 
0.47 
0.66 

Feet 

8 

0 
10 
11 

Feet 
0.41 
0.34 
0 
0 

Feet 

11.5  . 
11.9 

Feet, 
0 
0* 

22  E 


Digitized  by  VjOOQIC 


338         BEPORT  OF  THE  CHIEF  OF  ENGINEERS. 

No,  51,  taken  June  6. 
Distance  ont  from  east  basei  310  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  calm.  • 


42.07 
2.23 
2.28 
1.75 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  ]>er  second. 

ity  per  second,  i 

1 

ity  per  second. 

FeeL 

FeeL 

FeeL 

FeeL 

Feet. 

FeeL          t 

Feet. 

FeeL 

0 

2.42 

6 

2.54 

12 

2.23           ' 

18 

L98 

1 

2.19 

7 

2.58 

13 

2.18           1 

19 

1.75 

2 

2.34 

8 

2.46 

14 

2.43           1 

20 

1.84 

3 

2.52 

9 

2.46 

15 

2.82           ' 

21 

L49 

4 

2.48 

10 

2.47 

16 

2.02           1 

2L1 

1.45 

6 

2.46 

11 

2.22 

17 

1.94           1 

2L5 

L24* 

Xo.  52,  taken  June  6. 

Distance  ont  from  east  base,  507  feet. 

Height  of  surface  of  water  above  Hartford  zero feet,. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. . 

Mean  velocity  in  vertical  x)lane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


42.07 
1.83 
1.90 
1.75 


Depth- 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet. 

FeeL 

FeeL 

FeeL 

Feet 

FeeL 

FeeL 

FeeL 

0 

2.11 

6 

2.04 

12 

1.90 

18 

1.48 

1 

1.86 

7 

L91 

13 

L74 

19 

1.38 

2 

2.16 

8 

2.07 

14 

1.84 

19.8 

0.89 

3 

2.15 

9 

2.03 

15 

L91 

20.2 

0.65* 

4 

L98 

10 

1.77 

16 

L64 

5 

2.08 

11 

1.95 

17 

L67 

Xo.  53,  taken  June  6. 

Distance  out  from  east  base,  707  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  A'crtical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  jier  second . . 

Mean  velocity  of  river ..feet  per  second.. 

Direction  and  force  of  wind,  southwest,  1. 


42.07 
1.04 
0.97 
1.75 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 

1 
2 
8 

4 

FeeL 
1.30 
1.80 
L32 
L27 
L28 

FeeL 
5 
6 
7 
8 
9 

Feet. 
L12 
1.12 
L20 
1.07 
L13 

FeeL 
10 
11 
12 
13 
14 
1 

Feet. 
0.91 
0.94 
0.96 
0.79 
0.60 

FeeL 
15 
15.4 

FeeL 

a86 

0.29* 
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No.  54,  taken  June  6. 

Distance  ont  from  east  base,  885  feet. 

Height  of  surface  of  water  above  Hartford  zero feet-. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river .....feet  per  second.. 

Direction  Und  force  of  wind,  southwest,  1. 


42.07 
0.98 
1.03 
1.75 


Depth. 

Obaerved  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

1 — «.^ — 

Observed  veloc- 
ity per  second. 

F^ 
0 

1 
2 
3 

FeeL 
1.06 
0.84 
L07 
L14 

FeeL 
4 

5 
6 

7 

FeeL 
0.04 
L16 
LOO 
L13 

FeeL 

8 
9 

10 

11 

FeeL 
LIO 
0.98 
1.05 
0.64 

FeeL 
12 
12.4 

Feet. 

0.70 
0.46* 

CURRENT  OBSERVATIONS    AT  POSITION  O. 

Current-meter  JVo.  2. 

No.  55,  taken  July  24. 

Distance  ont  fix>m  east  base,  238  feet. 

Height  of  snrfece  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southwest,  1. 


40. 445 
0.43 
0.50 
0.79 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

-«i 

Observed  veloc*. 

ity  per  second. 

ity  per  second,  j 

ity  per  second. 

ity  per  second. 

FeeL 

Feet. 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

Feet. 

0 

0.47 

5 

0.59 

10 

0.47 

15 

1 

0.44 

6 

0.60 

11 

16 

2 

0.42 

7 

0.56 

12 

16.2 

0.17 

3 

0.38 

8 

0.54 

13 

0.40 

16.6 

0.13* 

4 

0.47 

9 

0.49 

14 

No.  56,  taken  July  24. 

Distance  out  from  east  base,  252  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . . 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southwest,  1. 


40. 445 

0.78 
0.83 
0.79 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 
1 
2 
3 
4 

FeeL 
0.63 
a  70 
0.72 
0.81 
0.88 

FeeL 
5 
6 
7 
8 
9 

FeeL 
0.88 
0.93 
0.92 
0.87 
0.80 

Feet. 
10 
11 
12 
13 
14 

FeeL 

0.82 
0.77 
0.77 
0.78 
0.78 

FeeL 
15 
16 
17 
17.5 

FeeL 
0.66 
0.62 
0.57 
0.64* 

-1  »».     . 
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No.  57,  taken  July  24. 

Distance  out  from  east  base,  454  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observ^ed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  int>egration feet  per  second .  - 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southwest,  1. 


40.445 
0.92 
0.78 
0.79 


Depth. 

Obaerved  veloc- 

Depth. 

Observed  veloo- 

Depth. 

Observed  veloc- 

Depth- 

Observed  veloc- 

ity per  second. 

Ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

FeeL 

Feet. 

0 

0.80 

6 

LOS 

10 

L03 

15 

0.70 

1 

0.86 

6 

1.07 

11 

LOO 

16 

0.68 

2 

0.91 

7 

Lll 

12 

0.92 

16.9 

0.61 

3 

0.95 

8 

1.05 

13 

0.91 

17.3 

0.57* 

4 

L03 

0 

LOO 

14 

0.85 

Xo.  58,  taken  July  23.  , 

Distance  out  from  east  base,  544  feet. 

Height  of  surface  of  wat'Or  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  northwest,  1. 


40.715 
1.12 
1.07 

0.89 


Depth- 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet, 
0 

1 
2 
3 

4 

Feet 
0.75 
0.92 
L04 
LOS 
L33 

Feet. 
5 
6 
7 
8 
0 

Feet 
L32 
L28 
L25 
L19 
L24 

Feet. 
10 
11 
12 
13 
14 

Feet. 
L18 
L06 
L08 
LOO 
L06 

Feet. 

15 

16 

16l1 

16.5 

Feet 
L05 
0.82 
0.80 
0.69* 

.Vo.  59,  taken  July  23. 

Distance  out  from  east  base,  638  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . . 

Me.iu  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  northwest,  1. 


40.715 
l.U 
1.12 

0.89 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

1 
Observed  veloc- 
ity per  second. 

Depth- 

Observed  veloc 
ity  per  second. 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

0 

L28 

5 

L29 

10 

L17 

15 

0.69 

1 

L31 

6 

L28 

11 

LOS 

15.1 

0.71 

2 

L37 

7 

L18 

12 

LOO 

16.5 

0.64* 

3 

L29 

8 

LIS 

13 

0.95 

4 

L30 

9 

L17 

14 

0.85 
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^0.  60,  taken  July  23. 

Distance  oat  from  east  base,  747  feet. 

Height  of  snrface  of  water  above  Hartford  zero..... feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


40.715 
1.21 
1.23 
0.89 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

1 
Obuerved  veloc- 
ity per  aecond. 

Depth. 

Observed  veloc- 
ity per  second. 

1 

i  Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 

1 
2 
3 

FeeL 
1.25 
L39 
1.40 
1.36 

JFVet 

4 
5 
6 
7 

FeeL 

1.32 
L34 
L31 
L28 

FeeL 

8 

9 

10 

U 

FeeL 
1.23 
L23 
L14 
1.10 

1   FeeL 
12 
18 

13.9 
14.8 

Feet. 
L04 
LOl 
0.77 
0.82* 

No.  61,  taken  July  22. 

Distance  ont  from  east  base,  835  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  calm. 


40.883 
1.26 
1.25 
0.96 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 

1 
2 
8 

FeeL 
0.99 
L08 
1.10 
1.33 

FeeL 

4 
5 
6 
7 

FeeL 
L37 
L42 
L40 
1.40 

FeeL 

8 

9 
10 
11 

FeeL 
1.35 
L40 
1.25 
L21 

FeeL 

12 

13 

13.4 

13.7 

Feet 
L14 
1.00 
1.06 
0.9«* 

No.  62,  taken  July  22. 

Distance  ont  from  east  base,  942  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..     40.883 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  north-northwest,  2. 


0.94 
0.94 
0.96 


Ti^.,     Obaervedvelwv 
^^^P*"*    ity  per  second. 

Depth. 

Observed  veloc- 
ity per  secontL 

Depth. 

Observed  veloc- 
ity per  second. 

1 

j  Depth. 

1 

Observed  veloc- 
ity per  second. 

FbeL 
0 
1 
2 
3 

FeeL 
0.75 
0.08 
L04 
L09 

FeeL 

4 
5 
6 
7 

FeeL 
106 
LOl 
0.99 
0.98 

FeeL 

8 

9 
10 
10.0 

FeeL 
0.93 
0.82 
0.79 
0.61 

FeeL 
11.2 

Feet 
0.68* 
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JVo.  63,  taken  July  22. 

Distance  oat  from  east  base,  1,050  feet. 

Height  of  suriace  of  water  above  Hartford  zero feet..        40.883 

Mean  iu  vertical  plane  bv  observed  velocities feet  per  second . .  0. 70 

Moan  velocity  in  vertical  plane  by  integration Not  taken. 

Mean  velocity  of  river feet  per  second..  0.96 

Direction  and  force  of  wind,  north,  2. 


— if — 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet. 
0 

1 
2 

Feet 
0.82 
0.84 
a82 

Feet 
8 
4 
6 

FeeL 
0.79 
0.76 
0.73 

FeeL 

0 

7 

7.8 

Feet 
0.62 
0.51 
0.40 

FeeL 
8.1 

FeeL 
0.35- 

No,  64,  taken  July  22. 

Distance  oat  from  east  base,  1,140  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..     40.883 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .       0. 44 

Mean  velocity  in  vertical  plane  by  integration J^ot  taken. 

Mean  velocity  of  river feet  per  second..       0.96 

Direction  and  force  of  wind,  north,  2. 


Depth. 

Observed  veloc- 
Ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 

1 

FeeL 
0.60 
0.61 

FeeL 
2 
8 

FeeL 
0.56 
0.52 

FeeL 

4 
5 

FeeL 
0.44 
0.30 

FeeL 
5.5 
6.3 

Feet. 
0.00 
0.05* 

No.  65,  taken  July  25. 

Distance  out  from  east  base,  627  feet. 

Height  of  surface  of  water  above  Hartford  zero •..feet.. 

'  Mean  in  vertical  plane  bv  observed  velocities feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  south-southwest,  2. 


40.226 
0.83 
0.90 
0.65 


Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0.96 
0.84 
0.95 
0.98 
0.99 

Depth. 

Observefl  veloc- 
ity per  second. 

! 
Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 

1 
2 
3 

4 

FeeL 
5 
6 

7 
8 
9 

FeeL 
1.00 
0.99 
0.97 
0.94 
0.95 

FeeL 
10 
11 
12 
13 
14 

FeeL 
0.87 
0.83 
0.78 
0.74 
0.66 

FeeL 
15 
15.4 

FeeL 
0.64 
0.61* 
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No.  66,  taken  July  25. 

Distance  out  from  east  base,  938  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  "per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  sonth-sonthwest,  1. 


40.226 
0.82 
0.77 
0.65 


Depth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity  per  seoond. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 

1 
2 
3 

Feet 
0.82 
0.88 
0.94 
0.92 

Feet 
4 
5 
6 

7 

Feet 
0.92 
0.86 
0.86 
0.84 

Feet 

8 

0 
10 
11 

Feet 
L06 
0.76 
0.67 
0.31 

Feet 
1L5 

Feet 
0.17* 

Ko,  67,  taken  July  28. 

Distance  out  from  east  base,  330  feet. 

Height  of  surface  of  wat«r  above  Hartford  zero feet..     39.834 

Mean  in  vcjrtical  plane  by  observed  velocities feet  per  second . .       0.  58 

Mean  velocity  in  vertical  plane  by  integration Not  taken. 

Mean  velocity  of  river feet  per  second..      0. 51 

Direction  and  force  of  wind,  southwest,  2. 


Depth. 

Observed  veloc- 

Depth. 

Obsen-ed  veloc- 

Depth, 

Observed  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet 

Feet 

Fe^ 

Feet 

Feet 

Feet 

Feet. 

Feet. 

0.54 

0.72 

10 

0.62 

15 

0.44 

0.62 

0.71 

11 

0.54 

16 

0.43 

0.66 

a  70 

12 

0.50 

17 

0.18 

0.73 

0.68 

13 

0.52 

17.4 

0.06* 

0.74 

0.65 

14 

0.48 

No,  68,  taken  July  28. 

Distance  out  from  east  base,  646  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  x^lane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.  . 

Direction  and  force  of  wind,  southwest,  3. 


39.834 
0.65 
0.74 
0.51 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 

1 
2 
3 
4 

Feet 
0.77 
0.75 
0.63 
0.71 
0.71 

Feet 
5 
6 
7 
8 
9 

Feet. 
0.74 
0.60 
0.70 
0.68 
0.70 

Feet 
10 
U 
12 
13 
14 

Feet 
0.66 
0.60 
0.68 
a56 
0.44 

Feet. 
14.5 
14.0 

Feet 
0.20 
0.00* 
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No.  69,  taJcen  July  28. 

Distance  out  from  east  base,  908  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities. feet  per  second.. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second. - 

Direction  and  force  of  wind,  soatbwest,  3. 


39.834 
0.53 
0.50 
0.51 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet. 
0 
1 
2 
3 

Feet. 

0.60 
0.54 
0.50 
0.48 

Feet 
4 
5 
6 
7 

Feet 
0.52 
0.56 
0.57 
0.58 

Feet 

8 

0 
10 
10.5 

Feet 
0.58 
0.36 
0.60 
0.43 

Feet 
10.9 

Feet 
0.34* 

No,  70,  taken  June  25. 

Distance  out  from  east  base,  1,059  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  west-northwest,  1  to  2. 


41.64 
1.   3 

0."9 
1.  8 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 
1 
2 

Feet 

L38 
L23 
1.20 

Feet 
8 
4 
5 

Feet 
L12 
1.10 
LOl 

Feet 
6 
7 
8 

Feet. 
0.98 
0.85 
0.67 

Feet 
8.1 
&4 

Feet 
0.56 
0.41* 

No,  71,  taken  June  25, 

Distance  out  from  east  base,  1,161  feet. 

Height  of  surface  of  water  above  Hartford  zero feet- 
Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  ]>er  second. 

Direction  and  force  of  wind,  calm. 


41.64 
0.68 
0.67 
1.38 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 

1 

Feet 
0.75 
0.77 

Feet 
2 
3 

Feet. 
0.81 
0.77 

Feet. 
4 
5 

Feet 
0.68 
0.52 

Fe.t 
5.5 
5.8 

Feet 
0.33 
0.13* 
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No.  72,  taken  June  S3. 

Distance  out  fix>m  east  base,  158  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  43. 59 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     0. 98 

Mean  velocity  in  vertical  plane  by  integration Not  taken. 

Mean  velocity  of  river feet  per  second..     1.84 

Direction  and  force  of  wind,  southwest,  1  and  2. 


Depth. 

Obaervedveloc. 
ity  per  second. 

Depth. 

Obeerved  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 

1 
2 
8 

FeH. 
1.03 
L08 
1.18 
L18 

Feet, 
4 
6 
6 

7 

Feet 
LOS 
L18 
L08 
0.06 

'   Feet 

8 

9 
10 
10.6 

FeeL 
0.98 
0.69 
0.69 
0.56 

Feet. 
10.9 

Feet 

No.  73,  taken  June  23. 

Distance  ont  from  east  base,  242  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  southwest,  1. 


42.59 
1.37 
1.52 
1.84 


DepUL 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth.^ 

Observed  veloc- 

Depth- 

Observed  veloc- 

ity per  second.  1 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

i^ 

FeeL 

FeeL 

FeeL 

FeeL 

FeeL 

Feet. 

0 

L37 

6 

L67 

12 

L28 

18 

LOS 

1 

L47 

7 

L57 

18 

L28 

18.7 

0.62 

2 

L07 

8 

L47 

14 

L28 

19.1 

0.48* 

3 

Le7 

9 

L37 

15 

L28 

4 

L67 

10 

Lfl7 

16 

L28 

5 

L57 

U 

L47 

17 

0.96 

No.  74,  taken  June  23. 

Distance  out  firom  eaist  base,  366  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  bv  observed  velocities feet  per  second. . 

Mean  velcK'ity  in  vertical  plane  by  integration feet  per  second.. 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  west,  1  and  2. 


42.59 
1.69 
1.65 
1.84 


Depth. 

Observed  veloc- 

Depth- 

Observed  veloc- 

1 

,  Depth. 

1 

Observe*!  veloc- 

Depth. 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

FeeL 

FeeL 

FeeL 

FeeL 

i    FeeL 

FeeL 

FeeL 

FeeL 

0 

L67 

2.06 

1      12 

L77 

18 

L28 

1 

L77 

Le7 

13 

L57 

19 

L28 

2 

L96 

L77 

1      14 

Le7 

20 

0.88 

3 

2.06 

L96 

16 

L67 

20.4 

0.67* 

4 

L96 

10 

L88 

16 

L57 

5 

L96 

11 

L86 

17 

L37 
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No.  75,  tdkm  June  23. 

•  Distance  out  from  east  base,  485  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.-  42. 59 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . .     1. 98 

Mean  velocity  in  vertical  plane  by  integration.... feet  per  second..     1. 98 

Mean  velocity  of  river feet  per  second..     1.84 

Direction  and  force  of  wind,  west,  2. 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 

1 
Depth. 

1 

Observed  veloc- 

ity per  second. 

ity  per  second. 

ity  per  second. 

ity  per  second. 

Feet. 

Feet 

Feet 

Feet 

Feet 

Feet 

i    Feet. 

FeeL 

0 

L91 

6 

2.20 

12 

2.06 

18 

1.57 

1 

2.06 

7 

2.11 

13 

2.01 

1&9 

1.42 

2 

2.25 

8 

2.01 

14 

L91 

19.3 

L24* 

3 

2.40 

9 

2.11 

15 

L91 

4 

2.20 

10 

2.25 

16 

L72 

6 

2.20 

11 

L96 

17 

L77 

1 

METRR-OBSERVATIOXS  AT  POSITION  G. 

Current-meteTf  No,  1. 

No,  76,  taken  June  20. 

Distance  out  from  east  base,  600  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  ob8er\'ed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . 

Mean  velocity  of  river .* feet  per  second. 

Direction  and  force  of  wind,  northeast,  2. 


43.69 
2.30 
2.61 
2.05 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet 
5 

Feet 

2.57 
2.54 
2.56 
2.71 
2.64 
2.54 

1 
Feet 
6 
7 
8 
9 
10 
11 

Feet 
2.61 
2.50 
2.44 
2.63 
2.48 
2.09 

Feet 
12 
13 
14 
15 
16 
17 

Feet 
2.26 
2.17 
2.25 
2.02 
1.67 
2.07 

Feet 
18 
18.6 
19 

FeeL 
L53 
L50* 
1.32 

No,  77,  taken  June  20. 

Distance  out  from  east  base,  694  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . 

Mean  in  vertical  plane  by  observed  velocities ....feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second  . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northeast,  1. 


43.69 
2.26 
2.36 
2.05 


Depth. 

Obser\'ed  veloc- 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

1 
Depth. 

Observed  veloc- 
ity per  second. 

Feet 
0 
1 
2 
3 
4 

Feet. 
2.49 
2.54 
2.59 
2.68 
2.55 

1 

Feet 
5 
6 
7 
8 
9 

Feet 
2.54 
2.50 
2.50 
2.52 
2.89 

FeeL 

10 
11 
12 
13 
14 

Feet 
2.38 
2.35 
2.24 
2.08 
2.14 

1 
Feet 
15 
16 
17 
17.5 
18 

FeeL 
2.00 
L80 
1.44 
1.27 
0.97* 
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No,  78,  taken  June  19. 

Distance  oat  from  east  base,  796  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mem  velocity  in  vertical  plane  by  integration feet  per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind^  north,  1. 


42.73 
2.14 
2.16 
1.53 


Depth. 

1 
Observed  veloc- ' 
ity  per  second.  , 

Depth. 

Obserredvcloc-  , 
ity  per  second,  j 

Depth. 

Observed  Teloc- 
ity per  second. 

Depth. 

Observed  veloo- 
ity  per  second. 

Feet. 
0 

1 
2 
3 

4 

FeeL 
2.18 
2.14 
2.32 

2.37           ' 
2.19 

FeeL 
5 
« 
7 
8 
9 

FeeL 
2.30 

2.41           i 
2.21 
2.24 
2.17 

FeeL 
10 
11 
12 
13 
14 

FeeL 
2.23 
2.12 
2.06 
2.02 
L96 

FeeL 
15 
15.4 
15.8 

FeeL 

1.84 
1.52 
L09* 

No.  79,  taken  June  19. 

Distance  out  from  east  base,  891  feet. 

Height  of  surface  of  water  above  Hartford  zero feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  north,  1. 


42.73 
1.92 
1.99 
1.63 


Depth. 

1 
Observed  veloc-  i 
ity  per  second,  j 

Depth. 

Ob8erve<l  veloc- 
ity per  second. 

1 
Depth. 

1 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 

0 
1 
2 
3 

FeeL 
2.10 
1.90 
2.14 
2.14 

FeeL 

4 
5 
6 
7 

FeeL 
2.04 
2.18 
2.19 
2.05 

FeeL 

8 

!    u 

1 

FeeL 
1.96 
L81 
1.75 
L73 

FeeL 

12 

13 

14 

14.4 

FeeL 
L81 
1.75 
1.50 
L24* 

No,  60,  taken  June  19. 

Distance  out  fix)m  east  base,  972  feet. 

Height  of  surface  of  water  above  Hartford  zero feet . 

Mean  in  vertical  x^lane  bv  observed  A'elocities feet  per  second . 

Mean  velocity  in  vertical  plane  by  integration feet  i>er  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  north-northeast,  2  and  3. 


42.73 
1.49 
1.51 
1.63 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

FeeL 
0 

1 
2 
3 

FeeL 
1.70 
L68 
L80 
1.80 

FeeL 
4 
5 
6 

7 

FeeL 

L77 
1.75 
1.67 
L47 

FeeL 

8 

9 
10 
U 

FeeL 
1.43 
1.51 
1.32 
1.27 

FeeL 
11.9 
12.3 

FeeL 

0.82 
0.46* 
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Xo.  81,  taken  June  18. 

DiBtanoe  out  from  east  base,  1,061  feet. 

Height  of  surface  of  water  above  Hartford  zero.   feet. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second. 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . 

Mean  velocity  of  river feet  per  second. 

Direction  and  force  of  wind,  northeast,  3  and  4. 


42.73 
1.-24 
1.33 
1.63 


Depth. 

Observed  veloc- 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Feet. 
0 

1 
2 

FeeL 
1.48 
1.41 
L56 

Feet. 
3 

4 
5 

Feet 
1.44 
1.27 
1.28 

Feet 
« 
7 
8 

Feet 
1.10 
L20 
0.84 

Feet 

ai 

&5 

F^et 

0.53 
0.30* 

No.  82,  taken  June  18. 

Distance  out  from  east  base,  1,184  feet. 

Height  of  surface  of  water  above  Hartford  zero feet.. 

Mean  in  vertical  plane  by  observed  velocities feet  per  second . . 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . . 

Mean  velocity  of  river feet  per  second.. 

Direction  and  force  of  wind,  northwest,  4. 


42.083 
0.27 
0.34 
1.41 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

! 

Observed  veloo- 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

F^et 
0 

1 

Feet 
0.50 
0.44 

Feet 
2 
3 

Feet 
0.44 
0.00 

1 
Feet 
4.0 
4.3 

Feet 

0.0 

0.0 

Feet 

4.7 

I^»et 
0.0* 

METER-OBSERVATIONS  AT  POSITION  G. 

Current-meter,  No,  2. 

No.  83,  taken  June  24. 

Distance  out  from  east  base,  1,059  feet. 

Height  of  surface  of  water  above  Hartford  zero fe«*t . 

Mean  in  vertical  plane  by  observed  velocities    feot^per  second . 

Mean  velocity  in  vertical  plane  by  integration feet' per  second. 

Mean  velocity  of  river feet  per  second. 

Direction  and  fbrce  of  wind,  northwest,  3. 


42.09 
1.13 
1.1(5 
1.62 


Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloo- 1 
ity  per  second. 

Depth. 

Observed  veloc- 
ity per  second. 

Depth. 

Observed  veloo- 
Ity  i>er  second 

Feet 
0 

1 
2 

Feet 
1.33 
1.37 
L37 

Feet 
3 

4 
5 

Feet 
L28 
1.23 
L18 

Feet 
6 
7 
8 

Feet 
103 
1.08 
0.88 

Feet 
0.6 
9 

Feet 
0.66 
0.28* 
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No,  SAf  taken  June  24. 

Distance  out  from  east  baae,  1,172  feet. 

Height  of  surface  of  water  above  Hartford  zero feet..  42.09 

Mean  in  vertical  plane  bv  observed  veltKyities feet  per  second . ,  0. 76 

Mean  velocity  in  vertical  plane  by  integration feet  per  second . .  0. 69 

Mean  velocity  of  river feet  per  second..  1.62 

Direction  and  force  of  wind,  northwest,  2  and  3. 


Depth. 


FeeL 
0 
1 
2 


Observed  veloc-  j 
ity  p«r  second. 


Feet 
0.03 
0.05 
0.88 


Depth. 


Feet 
3 

4 
6 


Observed  veloc- 
ity per  second. 


Feet 
0.78 
0.84 
0.64 


Depth. '9,*>«^^^«^T 
*^         Ity  per  second. 


Feet    I 
0.0 

ai   I 

0.5 


Feet 
0.M 
0.50 
0.45* 


Depth. 


I   Feet 


Observed  veloc- 
ity  per  second. 


Feet 


These  curves  have  all  been  plotted,  as  shown  on  the  sheets  transmitted.  They  have 
also  been  coubined  and  reduced  in  several  groups,  by  taking  the  means  of  the  veloci- 
ties at  tenths  of  the  total  depth,  for  the  pur|)ose  of  ascertaining  the  general  laws  and 
forms  of  the  several  curves. 

The  means  at  the  surface  and  tenths  of  the  depth,  as  plotted  in  figures  1  to  9  inclu- 
sive, of  the  accompanying  diagram,  are  shown  in  the  following  table.  The  other  fig- 
ures are  obtained  either  from  these  or  by  grax>hic  methods,  as  before  described. 

Whenever  there  was  doubt  about  tifie  proper  operation  of  the  current-meter,  or 


rtui  these  or  by  grax>hic  methods,  as  before  described, 
jubt  about  tifie  proper  operation  of  the  current-me.__,  __ 
where  the  Iwttom- velocities  were  smaller  than  could  be  correctly  measured  by  it,  and 


also  where  the  floats  did  not  run  within  2  feet  from  the  bottom,  the  whole  curve  has 
been  rejected  from  the  following  means.  The  varying  mean  velo<»ities  of  the  several 
planes  require  that  an  equal  number  of  velocities  at  each  depth  should  be  combined 
to  give  proper  mean  results.  For  this  reason  numbers  1,  2,  11,  and  20  of  the  float- 
observations,  and  numbers  13, 14,  24,  3b,  39,  59,  and  82  of  the  meter-observations,  have 
been  omitted  in  the  following  mean  curves : 

Table  of  ordinates  of  mean-relodty  ctirref  taken  at  tenths  of  the  depth  from  surface  to  bottom. 


rig.  1,  Fig.  2,  Sec,  refers  to  plotted  dia- 
gi-ams. 


Surfkoe. 


Hesn  of  meter-observations  below  aver- 
sf^e  velocity  of  1.86  (Fig.  1) 

Mean  of  float-obrnTvations  below  aver- 
age velocity  of  1.86  (Fig.  2) 

Mean  of  all  obfiervations  below  average 
velocity  of  1.86  (Fig.  3) 

Mean  of  meter-observations  above  aver- 
age velitcity  of  1.86  (Fig.  4) 

Mean  of  float-obser^'ations  above  aver- 
age velocity  of  1.86  (Fig.  5) 

Mean  of  aU  observations  above  average 
velocity  of  1.86  (Fig.  6) 

Mean  of  all  meter-observations  (Fig.  7). 

Mean  of  all  floatobservations  (Fig.  8) . . . 

Mean  of  all  meter  and  float  observations 
(Fig.  9) 


L15 
1.50 
1.21 


1. 19 1.  22 1.  22 1. 19 1. 14 
1. 52  1.  52 1.  53,1. 491. 46 


1.111.030. 
1.351.29 
1. 25 1. 27;i.  271. 24;i.  19 1. 15 1. 07 
2.782.62 
2.942.80 


T' 


2.96  13.08  3.123.06 


2. 99!2. 91 


X 


3. 11 '3. 01 


932. 


3.26  3.24  3.173.17 

t        I        I        I        I 
3.01  13.11  3. 13  3.  08  3.  or  2. 
2. 05   2. 12  2. 15  2. 13  2.  08  2.  01 
2. 38  |2,  38,2.  35  2. 35  2. 30  2.  23 

2. 10  '2. 17  2. 19  2. 17*2. 12  2. 05 


812.65 
1.  93  1.  81 
2.15  2.04 

1.  97  1.  85 


94 
1.20 
0.99 
2.42 


0.7t 
0.97 
0.8^ 
2.  If 


2.60  2.3i: 

I 

2.452.2f 
I.  67  1.  47 
I.  90 1.  61 

I 
1. 71 1.  5t 


Bottom. 


0.46 

0.58 

0.48 

1.47 

L78 

1.53 
0.90 
1.18 


Mean. 

L063 

1.337 

1.109 

2.735 

2.891 

2.764 
L887 
2.114 

1.928 


MEAN- VELOCITY  RATIOS. 

The  ratios  between  the  mean  velocitj^  and  the  velocity  at  half-depth,  and  the  ratio 
of  the  depth  of  the  thread  of  mean  vekM'ity  to  the  whole  depth,  in  the  curves  ob- 
tained by  the  method  of  numerical  means,  are  shown  in  the  following  table. 

These  values  are  determined  from  straight  lines  joining  the  given  jioiuts  as  com- 
puted, without  attempting  to  draw  an  approximate  curve  throucli  them. 

The  system  of  nomenclature  used  is  the  same  as  that  of  the  Mississippi  report. 

V^D  =  velocity  at  half-depth. 

V  m  =mean  velocity  in  vertical  plane. 
m  =  depth  of  thread  of  mean  velocity. 
D=total  depth. 
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Table  of  mean-velooUy  ratios. 


;f 


Meters  at  low  velocities  . 
Heats  at  low  Telocities  . . 
Mean  at  low  velocities. . 
Meters  at  high  velocities 
Floats  at  hiKn  velocities  . 
Mean  at  hign  velocities. . 

Moan  by  meters 

Mean  by  floats 

Grand  mean 


1.072 
1.090 
1.076 
1.005 
1.040 
L060 

i.oe7 

1.056 
L064 


.933 
.918 
.930 
.939 
.961 
.944 
.937 
.947 
.940 


.637 
.629 


.632 


Note. — The  "means"  ^ven  above  are  not  obtained  by  combining  the  results  of  float 
and  meter  observations  in  this  table^  but  are  an  independent  determination  direct 
from  the  observations  of  which  those  with  the  meter  were  greatly  in  excess. 


TABLE  OF  HEIGHTS  AND  SLOPES. 

The  following  table  shows  the  height,  slopes,  and  mean  velocities  of  the  river,  as 
obser\'ed  during  the  progress  of  the  experiments.  Gauges  were  read  at  the  points  in- 
dicated, and  the  differences  are  shown  in  the  tables;  these  differences  being  always 
additive  up  the  river  between  the  points  named.  All  the  gauges  were  upon  the  east 
bank  of  the  river. 

Gauge  V  was  upon  the  bank  of  the  river  at  Thompsonville,  480  feet  below  the  sec- 
tion marked  C  on  the  map. 

Gauge  C  was  at  the  section  C,  just  above  the  ferry  at  Thomjjsonville. 

Gauge  B  was  at  the  section  B,  2,280  feet  above  section  C. 

Gauge  I J  was  at  i>osition  G  or  F,  which  lines  were  only  100  feet  apart,  and  there  was 
no  appreciable  slope  between  them.     G  is  1,650  feet  above  B. 

Gauge  T  was  upon  the  bank  of  the  river,  2,970  feet  alwve  position  G. 

Gauge  M  was  upon  the  bank  of  the  river,  6,200  feet  above  position  G. 

Levels  were  taken  between  the  gauges  on  the  east  bank  of  the  river  and  carefuUy 
tested.  An  18-ineh  Gurley  level  was  used,  and  the  leveling  was  at  first  unsatisfactory ; 
a  more  sensitive  bubble  was  placed  in  the  instrument  and  the  construction  of  the  sev- 
eral parts  examined.  A  slight  difference  of  diameter  in  the  collars  resting  in  the  Ys 
was  discovered,  causing  the  line  of  sight  to  look  up  when  adjusted  in  the  usual  man- 
ner. It  was  therefore  adjusted  by  the  "  Gravatt"  method  and  tested  vrith  a  collima- 
tor.   The  levels  were  then  taken  with  more  accurate  results. 

Between  the  extreme  gauges  V  and  M,  a  distance  of  about  two  miles,  the  probable 
error  of  the  levels  is  4-  .006  of  a  foot. 

.003. 
^.004. 
:.005. 
-  .005. 

The  error  is  not  pfoiwrtional  to  the  distance  between  the  gauges  as  the  levels  were 
not  taken  directly  upon  the  bank,  but  were  conuecttMl  with  bench-marks  at  some  dis- 
tance back.  The  probable  errors  for  each  chain  of  levels  are  computed  by  taking  the 
square  root  of  the  sum  of  the  squares  of  the  errors  between  intermediate  points. 

The  above  quantities  do  not  include  the  errors  of  observation  in  com]mriug  the 
heights  of  water  with  the  gauges.  The  practical  difficulty  of  this  comparison  on  ac- 
count of  the  motion  of  the  water,  even  when  taken  in  a  box-gauge,  is  such  as  to  ren- 
der the  pnibable  errors  of  difference  of  heights  given  in  the  following  table  much 
greater  tiiau  those  for  the  levels  given  above.  Their  amount  cannot  be  exactly  esti- 
mated. 

A  list  of  the  bench-marks  used  near  the  gauges  is  also  given,  with  their  heights  in 
feet  above  the  base,  or  low-water  mark  at  Hartford. 


From  V  to  B  the  probable  error  is  -_ 
From  V  to  U  the  probable  error  is  ; 
From  U  to  T  the  probable  error  is  ^ 
From  U  to  M  the  probable  error  is  ■ 
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Table  shoumg  heights  of  Connecticut  River  near  Thompsonville,  Conn.j  1874. 
[The  nnmbeTS  in  columns  5  to  11  are  the  ohaerred  differences  of  height  in  feet  by  gauges.] 


Date. 

1 

> 

i 

> 

s 

n 

1 

> 

i 

May    e 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
B 
B 
B 

g 

C 
G 
G 
G 

JFVet 
43.990 
44.160 
43.500 
45.213 
44.508 
44.237 
43.467 
44.782 
45.484 
45.829 
45.217 
44.884 
44.300 
43.666 
42.277 
42.387 
42.290 
42.070 
43.097 
42.747 
4Lfl31 

Feet, 
2.44 
2.57 
2.08 
2.87 
2.53 
2.34 
2.06 
2.67 
3.01 
3.08 
2.80 
2.70 
3.50 
3.21 
2.56 
1.87 
1.81 
1.75 
1.80 
L70 
1.30 
1.17 
1.14 
1.41 
1.63 
2.05 
L84 
1.62 
1.38 

0.532 
0.550 
0.465 

^  ?:: 

9 

0.048 
0.146 

12 

13 

14 

15 

20 

0.626 
0.667 
0.646 

22 

0.234 
0.203 

23 

26 

27 

28                   

0.878 
0.317 

"o.iri' 

0.657 
0.494 
0.545 
0.476 
0.453 
0.458 
0.478 
0.447 
0.  302 
0.277 
0.285 
0.337 
0.417 
0.^1 
0.396 
0.347 
0.314 
0.578 
0.499 
a  862 
0.313 
0. 210 
0.109 
0.162 
0.150 
0.156 
0.096 
0.111 
0.093 
0.073 

"a  489' 

0.434 

0.415 







0.168 
0.108 
0.146 
0.108 
0.100 
0.051 
0.129 
0.123 
0.072 
0.042 
0.035 
0.086 
0.093 
0.078 
0.091 
0.078 
0.072 

29 

Jnne  1 

2 

0.041 
0.037 

3 

6 

.  .  . . . . 

9.               

10 

12 

15                 

G     4L  423 
G  1  41. 323 
G  1  42.083 
G   1  42.730 

16 

18 

19               

20 

G 
G 
G 
G 
G 

43.600 
42.500 
42.090 
41.640 
44.411 
43.415 
42.fi07 





23 

24 



25 

Jnly  14 

0.381 
0.297 
0.233 
0.180 

0.197 
0.199 
0.129 
0.123 

^iJ                     



16 

1       ..   . 

0.223 

17 

G  !  41. 834 
G     40. 883 
G  '  40.715 
G  1  40. 445 
G  1  40. 226 
G  ,  39.834 
G  ;  39. 160 
G  i  39. 113 
G  i  39.078 
G  1  Sfi-QRfl 

0.104 

22 

0.96 
0.89 
0.79 
0.65 
0.51 
0.51 

0.084 

23 

0.089 

24 

........ 

0.090 

25 



a  075' 

28 

i 

0.037 

Sept  2 

0.050 

3...               

0.000 

4 

1 

0.032 

5. 

0.34 

1 

0.031 

1 

LIST  OF  BENCH-MARKS  NEAR  GAtGES  AT  TH0MP80NVILLE,   CONN, 

Bench-mai'k  near  gauge  V : 
Southwest  comer  of  second  stone  from  ground  at  south  end,  west  side  of  south 
abutment  of  road-bridge,  west  of  first  culvert  south  of  Thompsonville  station .  48. 964 

Bench-mark  near  gauge  B : 
Cut  in  first  of  two  small  chestnut-trees,  on  cast  bank  Connecticut  River,  28  feet 
west  of  station  930 66.759 

Bench-mark  near  gauge  U : 
On  east  side  of  north  one  of  three  ash-trees  on  bank  of  Connecticut  River,  near 
seetionNo.  1,  position  F 50.167 

Bench-mark  near  gauge  T : 
On  south  fflde  of  maple-1a*ee,  on  line  with  fence  due  west  from  bench-mark 
No.  6 47.619 

Bench-mark  near  gauge  M: 
60  feet  from  river-bank  and  about  300  feet  north  of  Longmeadow  Brook,  cut 
and  copper  tack  near  bottom  in  north  side  of  apple-tree 49.708 
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TABLES  OF  AREAS  AND  WIDTHS  OF  CROSS-SKCTIONS. 

The  following  tables  give  the  mean  areas  and  snrface-widths  of  cross-sections  of  the 
river  at  places  where  current-observations  were  made.  These  are  computed  for  each 
foot  in  heiglit,  and  proportional  parts  of  the  diflferences  may  be  taken  for  intermediate 
fractious  of  a  foot. 

At  B  and  C  one  section  only  was  computed,  as  meters  only  were  used  at  those  places 
for  determininof  the  velocities. 

At  F  and  G  the  mean  areas  given  are  the  means  of  five  sections,  50  feet  apart,  em- 
bracing the  200  feet  over  which  floats  were  run.  The  mean  areas  from  U  to  T,  and 
from  if  to  M,  are  the  mean  sections  of  the  river  for  the  whole  distance  l>etween  those 
points,  as  determined  from  cross-sections  400  feet  apart.  The  heights  of  the  water 
above  Hartford  base  being  given  in  even  feet  at  the  lower  end  at  U,  or  on  the  section 
G.  In  comi>uting  these  areas  allowance  has  been  made  for  the  varying  slope  of  the 
surface  at  different  stages. 

Table  showing  mean  arms  of  cross-sections  of  Connecticut  Biver  at  ThompsonvlUe,  Conn, 


Places. 

88' 

ay 

40^ 

41' 

42' 

43' 

44' 

45' 

48' 

Areft  at  position  C 

11,275 
4,400 
11, 212 
11,493 
11, 276 
10,411 

12,241 
5,776 
12, 308 
12,601 
12,439 
11,654 

13,225 
7,163 
13,433 
13,  735 
13,  620 
12,985 

14,233 
8,561 
14,  576 
14,890 
14, 812 
14, 352 

15,258 
9,964 
15.737 
16,062 
16,024 
15,677 

18,297 
11, 376 
16,908 
17,245 
17,232 
17,006 

17,348 
12,792 
18,088 
18,437 
18,455 
18,845 

18, 410 
14, 210 
19,272 
19,633 
19,682 
19,600 

19,482 

Area  at  position  B 

15,640 

Mean  ai-ea  at  i>o8ition  F 

Mean  area  at  position  G 

Mean  area  from  XJ  to  T  . . . . 
Mean  area  from  U  to  M 

20,484 
20,838 
20,912 
21,040 

KOTB.— The  areas  are  in  square  feet  below  the  heights  at  the  heads  of  the  columns. 


Table  shomng  surf ace-tcidths  of  cross-sections  of  Connecticut  Biver  at  Thompsonvilley  Conn. 


Places. 

38' 

39* 

40' 

41' 

42' 

43' 

44' 

45' 

48' 

Width  at  position  C 

Width  at  position  B 

Width  at  p<»itionF 

Width  at  position  O 

Mean  width  from  U  to  T. . . 
Mean  width  from  U  to  M  . . 

963 
1,367 
1,105 
1,118 
1,154 
1,248 

972 
1,882 
1,123 
1,135 
1,161 
1,260 

999       1, 017 
1, 391       1, 400 
1, 144       1, 160 
1, 152       1, 165 
1, 176       1, 185 
1,  275  :    1, 285 

1,031 
1,409 
1,176 
1,178 
1,196 
1,297 

1,046 
1,412 
1,183 
1,190 
1,206 
1,308 

1,057 
1,415 
1,187 
1,196 
1,212 
1,312 

1,088 
1,417 
1,190 
1,201 
1,216 
1,318 

1,078 
1,420 
1,194 
1,205 
1,219 
1,823 

Note. — ^The  widths  are  given  in  feet  at  the  heights  shown  at  the  heads  of  the  columns. 
METHODS  OF  COMPUTING  TIIE  DISCHARGE. 

The  method  adopted  for  computing  the  discharge  at  Thompsonville,  for  the  observa- 
tions at  all  depths,  was  as  follows:  The  mean  velocity  in  each  verticM  section  was 
taken  at  e<jual  distances  across  the  river  so  as  to  divide  the  cross-section  into  divisions 
of  equal  width  with  the  observed  section  in  the  middle  of  each  division. 

When  the  positions  of  the  observed  sections  varied  materially  from  their  projier  dis- 
tances apart,  the  mean  velocities  were  iilotted  on  section-paper  as  ordiuates,  at  their 
.tnie  distance  from  the  base,  and  a  free-hand  curve  drawn  tlmmgh  them,  Irom  which 
velocities  at  the  proper  intervals  were  taken. 

Each  mean  velocity  of  the  vertical  sections  was  then  multiplied  by  the  actual  depth 
at  the  place,  and  the  sum  of  these  products  divided  by  the  sum  of  the  depths.  This 
gave  the  mean  velocity  of  the  river,  as  each  local  velocity  had  given  to  it  its  proper 
weight  pnjportioual  to  the  area  it  represented.  This  mean  velocity  was  then  multi- 
pliexi  by  the  total  area  of  the  cross-sccticm  of  the  river  to  give  the  discharge.  This 
method  of  computinjj  gives  theoretically  a  slightly  too  small  quantity,  but  practically 
the  error  is  immaterial,  being  very  much  within  the  amount  of  errors  of  observation. 
The  discharge  of  a  stream  in  feet  per  second  may  be  represented  by  a  solid,  which  has 
for  its  base  the  cross-section  of  the  stream  in  square  feet,  for  its  sides  the  surface  and 
bottom  of  the  water,  and  for  its  to^)  the  curved  surface  bounded  by  the  ends  of  the 
ordinates  repi-esenting  the  velocity  m  feet  per  second  of  each  tilameut  of  the  current. 
In  order,  therefore,  to  obtain  the  exact  discharge,  we  have  in  some  way  to  compute  the 
contents  of  this  solid.  If  the  bottom  were  straight  lines  between  the  sections  taken, 
probably  the  best  method  of  commentation  would  be  by  the  prismoidal  formula,  with 
the  vertical  sections  as  bases;  or,  if  the  bottom  were  a  regular  curve,  represented  by 
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the  depths  taken  as  ordinates,  the  application  of  Simpson's  rule  to  the  areas  of  the 
sections  wonld  give  a  very^  close  approximation  to  the  true  contents.  The  hottom, 
however,  in  the  cross-sections  computed  was  not  shown  with  sufficient  accuracy  by 
the  dei>ths  at  100-foot  distances,  so  that  the  method  before  described  was  adopted, 
which  is  equivalent  to  taking  the  mean  height  of  the  solid  and  multiplying  by  the 
base.  The  reason  of  its  giving  a  slightly  too  small  value  theoretically  is  tliat  this 
method  assumes  that  the  horizontal-velocity  curves  are  a  succession  of  straight  lines 
from  point  to  point  between  the  sections ;  but  this  involves  a  much  smaller  error  than 
supposing  the  bottom  straight  from  point  to  point,  as  in  the  application  of  the  pris- 
moidal  formula. 

When  the  discharge  was  determined  from  middepth  observations,  the  same  general 
methml  was  adopted.  The  middcx>th  velocities  were  each  multiplied  by  the  depth, 
and  the  sum  of  the  products  divided  by  the  sum  of  the  depths.  The  velocity  obtained 
was  then  multiulied  by  the  ratio  of  the  mean  velocity  to  the  middepth  velocity  as 
determined  by  tno  mean-vertical  velocity  cun-es  for  this  river  at  the  place  observ^ed. 

During  the  continuance  of  the  ob6er\'ations  upon  a  nunil)er  of  vertical  sections  across 
the  river,  the  height  of  the  water  would  sometimes  remain  nearly  uniform,  but  would 
at  other  times  vary  several  tenths  of  a  foot  during  the  experiments.  In  all  cases  a 
mean  height  of  water  was  taken,  and  the  mean  velocities  correct4^d  when  necessary. 
The  succession  of  observations  at  the  same  pla^e  gave  the  proportional  differences  of 
correction.     They  were  generally  small  and  for  but  few  velocities  in  any  cross-section. 

The  two  following  tables  give  results  of  the  calculations  for  discharges  at  Thompson- 
viUe  at  different  stages.  The  results  are  plotted  on  sheet  No.  14,  with  the  heights  of 
the  water  as  ordinates  and  the  computed  volumes  as  abscissas,  and  on  sheet  No.  15  in 
two  curves  having  the  dates  for  the  abscissas,  and  the  volumes  of  the  river  for  the 
'ordinates  of  one  curve,  and  the  heights  of  the  water  as  the  ordinates  of  the  other  curve. 

Table  showing  the  computed  discharge  for  each  day  on  which  ohaervations  were  taken  at 

Thompeonville. 


Date. 


Force  and  direction 
of  wind. 


& 


Mi 


S' 


S 


May      «. 

7. 

9. 
12 
13. 
14, 
15. 
20 
22. 
23 
26. 
27. 
28. 
29. 
Jane     1. 

2. 

3. 

6. 

9. 
10. 
12. 
15. 
16. 
18. 
19. 
20. 
23. 
24. 
25. 
July  22. 
23. 
24. 
25. 
28. 
Sept      2. 

5. 


F 57 

F 37 

F 23 

F&M,46 
F&M,62 

M 21 

F 20 

F&M,40 
F  d&  M,  41 

M 21 

F  d&  H,  52 
F  &  M,  41 

M 76 

M 41 

M 10 

M  . . .  .125 

M 66 

M 86 

F&M,26 

M 58 

F 26 

F&M,66 
F&M,56 

M 47 

M 65 

M 39 

M 73 

M 18 

F&M,31 

M 43 

M 50 

H 49 

M 28 

M 46 

F 20 

F 11 


S.,1 

N.,8 

S.,lto2 

S.  E.,  1  to2 

S.  E^  1,  to  S.,  1 

N.  W.,1 

8.  E.,  0to2 

8.E.,1,  toS.  W.,3.. 

N.  W.,  2to4 

Calm 

S.  W.,  l.toN.W.,  2 

X.  W.,1 

N.  W.,  3,  to  S.  W.,  2 
N.  W.,  1,  to  S.  W.,  1 

Calm 

N.  W.,  ItoO 

R.  W.,  3,  to  S.  E.,  2. . 

8.W.,0tol 

8.  W.,2to0 

X.,ltoO 

N.E.,  1,  to S.  W.,1.. 

Calm 

8.  E..  2to4 

N.  W.,  4to5 

N.  W..  1,  to  N.  E.,  4 

N.  E.,1  to2 

8.  W.  Sc  W.,  1  to  2. . 

N.  W.,2to3 

N.  W.,  2  too 

N.  W.,0to2 

N.  W.,ltoO 

8.  W.,1 

8.  W.,2tol 

8.  W.,  2  to  3 

N..0to2 

Calm 


43.99 
44.16 
43.50 
45.21 
44.51 
44.24 
43.47 
44,78 
45.48 
45.83 
45.22 
44.88 
44.48 
43.  85 
42.46 
42.  82 
42.70 
42.48 
43.10 
42.75 
41.63 
41. 42 
41.32 
42.08 
42.73 
43.69 
42.59 
42.09 
41.64 
40.88 
40.71 
40.44 
40.23 
39.83 
39.16 
88.98 


18,077 
18,  277 
17, 498 
19,522 
18,692 
18,6.56 
17,463 
19, 012 
19,844 
20,546 
19.534 
19, 130 
13,217 
12,  325 
10,  359 
15,663 
15,  5.59 
15,331 
17,364 
17,557 
15,628 
15,382 

15,  265 
16,765 
17,533 
18,675 
17,367 

16,  776 
15,640 
15,358 
15,162 
14,850 
14,608 
14, 149 
12,  782 
12,  579 


Feet 
2.443 
2.570 
2.083 
2,87 
2.55 
2.34 
2.06 
2.67 
3.01 
3.08 
2.89 
2.70 
3.50 
3.21 
2.56 
1.87 
L81 
1.75 
1.80 
1.70 
1.30 
1.17 
1.14 
1.41 
1.63 
2.05 
1.84 
1.62 
1.38 

.96 

.89 

.79 

.65 

.51 

.5106 

.3404 


Ou./eet 
44,163 
46,973 
36,448 
56,028 
47,665 
43,655 
86,974 
50,762 
59,730 
63,282 
56,453 
51,651 
46,259 
39,563 
26,  519 
29,290 
28,162 
26,829 
81,255 
29,847 
20,316 
17,997 
17,402 
23,639 
28,579 
38,284 
31,955 
27,177 
21.583 
14,744 
13,494 
11,  731 
9, 495 
7,216 
6,526 
4,282 


'SOTE.'-T  and  H  in  the  third  column  stand  for  floats  and  meters. 
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BEDUC3N6  THE  DISCHAKOE  TO  HABTFORD. 

In  order  to  reduce  the  diBcharges  to  the  gauge-readings  at  Hartford^  where  they  have 
been  taken  daily,  a  quantity  has  been  added  to  each  computed  discharge  at  Thompson- 
ville  equal  to  the  probable  volume  of  the  streams  flowing  into  the  Connecticut  between 
the  two  places. 

In  making  this  correction  it  has  been  assumed  that  these  streams  rise  and  fall  in 
proportion  to  the  height  of  water  in  the  Connecticut.  This  is  probably  not  correct,  but 
it  is  x>erhap8  the  nearest  approximation  that  can  be  obtained,  and  is  but  a  small  portion 
of  the  total  volume  of  the  river. 

The  gauging  at  Dividend  Bar  has  been  reduced  to  the  discharge  at  Hartford  by  sub- 
tracting the  probable  volume  of  water  entering  the  river  between  these  points.  In 
order  to  complete  the  computation  of  the  discharge  at  Hartford  up  to  the  height  of  the 
greatest  freshet  known,  which  was  that  of  1854,  when  the  water  at  Hartford  rose  to 
the  height  of  29.80  feet  above  the  zero  of  the  gauge  at  the  toll-bridge,  the  greatest 
amount  of  water  passing  over  Holyoke  Dam  has  been  computed  from  the  greatest 
recorded  depth  and  a  measurement  of  the  dam,  and  this  added  to  the  probable  quan- 
tity running  into  the  river  from  the  streams  between  Holyoke  and  Hartford,  has  been 
assumed  as  the  volume  of  the  river  at  its  greatest  height.  This  is  the  only  determina- 
tion attainable  of  the  discharge  at  Hartford  between  the  height  of  24  feet  and  30  feet, 
and  is  made  use  of  in  the  table  of  discharges  to  compute  those  above  24  feet  in  height. 

The  following  table  gives  the  data  from  which  the  discharge  at  Hartford  has  l^en 
computed. 

The  discharge  at  the  place  observed  is  given,  with  the  correction  applied  in  another 
colnnm.    The  place  and  method  of  gauging  are  also  given. 

The  height  at  Hartford  given  in  tnis  table  is  the  mean  height  for  the  time  observed 
at  Thompson ville.  For  the  two  lowest  readings  of  1.87  feet  and  2.05  feet,  the  exact 
averages  of  two  high  and  two  low  tides  were  taken,  extending  over  somewhat  more 
time  tlian  the  observations,  but  necessary  to  be  included  to  obtain  the  mean  height 
for  the  day. 
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These  quantities  have  been  carefully  plotted  on  section  paper,  with  the  vertical  scale 
representing  the  height  of  the  water  at  Hartford  and  the  horizontal  scale  representing 
the  discharges,  and  a  curve  has  been  drawn  which  should,  as  nearly  as  possible,  rei>re- 
sent  the  mean  of  all  the  determinations  for  the  discharge  at  Hartford.  The  following 
table  shows  the  discharge,  in  cubic  feet  per  second,  for  each  foot  in  height  as  deter- 
mined by  this  curve.  This  of  course  onlv  shows  a  mean  discharge  at  the  height  given, 
the  volumes  at  the  same  stage  being  different  at  different  times,  and  j^enerauy  greater 
in  a  rising  than  a  falling  river.  As  the  determinations  of  the  quantity  of  actual  dis- 
charge could  not  be  conveniently  made  at  Hartford,  where  the  j^auge-readings  were 
kept,  the  variations  of  volume  at  the  same  stage  under  different  circumstances  are  not 
known. 

Diackarge  of  the  Connecticut  Biver  at  Hartford  for  each  foot  in  kdght. 


Gauge  at  Hart- 

Discharge per 

Gauge  at  Hart- 

Discharge per 

Gauge  at  Hart- 

Discharge per 

ford. 

second. 

ford. 

second. 

ford. 

second. 

Feet. 

Oubie/eeL 

Feet 

Oubie/eeL 

Feet. 

Oubie/eeL 

5.000 

11 

41.800 

22 

119, 100 

5,500 

12 

47,200 

23 

128,800 

8.500 

13 

52,700 

24 

139,200 

8,400 

14 

58,400 

25 

150,000 

10,800 

15 

64.300 

26 

161,300 

14.300 

16 

70,700 

27 

172,700 

17,600 

17 

77,500 

28 

184,200 

22,100 

18 

84,700 

29 

195, 700 

8 

20,700 

19 

92,700 

30 

207,500 

0 

31,400 

20 

101, 100 

10 

36.600 

21 

109,800 

TOTAL  DIBCHAKGE  OF  THE  RITEB. 

From  the  record  which  has  been  kept  at  Hartford  since  1871,  dia^ams  have  been 
prepared  for  the  years  1871,  1872,  1873^  and  1874,  showing  the  fluctuations  of  the  water 
for  those  years.  During  most  of  the  time  the  height  has  oeen  taken  three  times  daily, 
all  of  which  has  been  pu>tted  on  the  diagrams  herewith  submitted.  Tables  have  also 
been  made  of  the  discnarge  each  day  in  millions  of  cubic  feet  taken  from  the  average 
heights  for  the  day.  The  amounts  are  also  given  for  each  month  and  the  whole  year. 
Tables  are  also  submitted  showing  the  number  of  days  in  each  month  and  year  that 
the  water  was  above  any  given  height  from  February  1,  1871,  to  December  31,  1874. 
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TcLble  showing  the  daily  discharge  and  height  of  the  Connecticut  River  at  Hartford  from  Feb- 
ruary 1  to  December  31,  1871. 


Date. 

Height, 

Millions  of 

1 

Date. 

Height, 

Millionaof 

Date. 

Height, 

Millions  o 

feet 

cubic  feet. 

feet 

cubic  feet 

feet 

cubic  feet 

187L 

1871. 

1871. 

Mar.      1 

12.57 

4,340 

May      1 

a  59 

2,550 

2 

12.67 

4,395 

2 

a22 

2,390 

3 

12.74 

4,414 

3 

7.68 

2,175 

4 

12.78 

4,440 

4 

7.30 

2,020 

5 

12.80 

4,460 

5 

11.18 

3,698 

6 

12.82 

4,465 

6 

iao5 

7,350 

7 

12.87 

4,480 

7 

ia47 

7,636 

8 

12.95 

4,520 

8 

ia35 

7,550 

9 

13.05 

4,570 

9 

17.06 

6,725 

10 

13.18 

4,625 

10 

14.60 

5,340 

11 

13.32 

4,696 

11 

12.32 

4, 215 

12 

13.50 

4,780 

12 

iai6 

3,240 

13 

14.18 

5,140 

13 

9.04 

2,750 

14 

laio 

6,160 

14 

7.88 

2,250 

15 

16.18 

6,180 

15 

7.10 

1,945 

16 

14.33 

5,190 

16 

a6i 

1,760 

17 

14.00 

5,025 

17 

a  14 

1.585 

18 

13.72 

4,800 

18 

5.50 

1,370 

19 

ia48 

4,775 

19 

5.40 

1,340 

20 

13.36 

4,710 

20 

5.00 

1,218 

21 

13.30 

4,690 

21 

4.84 

1, 175 

22 

13.58 

4,825 

22 

4.72 

1,137 

23 

14.37 

5,220 

23 

4.68 

1,125 

24 

13.15 

4,600 

24 

4.60 

1,097 

25 

11.30 

3,750 

25 

4.53 

1,075 

26 

11.22 

3,710 

26 

4.64 

1,110 

27 

11.22 

3,710 

27 

4.49 

1,070 

28 

7.56 

2,122 

28 

4.41 

1,048 

29 

7.00 

1,920 

29 

4.37 

1,034 

30- 

6.70 

1,785 

30 

4.16 

OT5 

2.77 

681 

31 
Apr.       1 

6.44 
6.40 

1,686 

31 
June      1 

4.00 
a  90 

933 

134,328 

80,886 

Feb.         1 

1,676 

920 

2 

2.70 

674 

2 

a  47 

1,700 

2 

a  81 

883 

3 

2.60 

656 

3 

6.57 

1,747 

3 

a  70 

868 

4 

2.57 

653 

4 

6.80 

1,827 

4 

a  60 

850 

6 

2.59 

655 

6 

7.18 

1,975 

5 

aso 

882 

6 

2.66 

662 

6 

7.33 

2,030 

6 

a  41 

802 

7 

2.56 

662 

7 

7.16 

1,972 

7 

a  24 

772 

8 

2.60 

656 

8 

7.04 

1,916 

8 

a  01 

727 

9 

2.66 

662 

9 

7.00 

1,920 

9 

2.70 

672 

10 

2.78 

682 

10 

7.03 

1,115 

10 

2.66 

662 

11 

2.94 

714 

11 

7.86 

2,240 

11 

2.76 

680 

12 

3.17 

752 

12 

a  75 

2,620 

12 

2.86 

690 

13 

a  43 

801 

13 

9.34 

2,872 

13 

2.86 

690 

14 

3.68 

867 

14 

10.35 

3,325 

14 

1.90 

550 

15 

4.16 

976 

15 

10.41 

3,350 

15 

2.51 

634 

16 

4.38 

1,040 

16 

a  75 

2,620 

16 

2.10 

672 

17 

5.14 

1,260 

17 

7.75 

2,192 

17 

2.09 

671 

18 

5.74 

1,456 

18 

7.06 

1,925 

18 

2.52 

635 

19 

a37 

1,675 

19 

7.07 

1, 914 

19 

a  76 

878 

20 

7.00 

1,920 

20 

7.16 

1,972 

20 

a22 

1,283 

21 

7.72 

2,185 

21 

7.33 

2,030 

21 

a22 

1.283 

22 

&38 

2,445 

22 

a  03 

2,320 

22 

4.68 

1,124 

23 

9.00 

2,713 

23 

a  21 

2,390 

23 

a  82 

884 

24 

10.00 

3,170 

24 

a  33 

2, 435 

24 

a  14 

751 

25 

11.22 

3,  720 

25 

a  18 

2,380 

25 

a45 

804 

26 

11.18 

3,698 

26 

a  03 

2, 320 

26 

a  76 

878 

27 

12.22 

4,175 

27 

7.53 

2,120 

27 

a  02 

729 

28 

12.40 

4,260 

28 

7.58 

2,130 

28 

2.76 

680 

29 

a  70 

2,  .588 

29 

2.84 

703 

80 

a  70 

2,588 

30 

2.89 

619 

44,460 



66,209 

23,686 
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Table  showing  the  daily  discharge  and  height  of  the  Connecticut  Biver,  ^-e, — Continued. 


Date. 

Height, 

Millions  of 

Date. 

Height, 

Millionaof 

Date. 

Height, 

MUUons  of 

feet. 

cubic  feet. 

feet 

cubic  feet 

feet 

cubic  feet 

1871. 

187L 

187L 

July        1 

2.55 

660 

Sept     1 

6.48 

1,740 

mv.      1 

4.82 

1,100 

2 

2.12 

574 

2 

6.25 

1,630 

2 

4.44 

1,058 

3 

1.67 

535 

3 

5.15 

1,262 

3 

8.88 

917 

4 

1.70 

538 

4 

4.37 

1,036 

4 

8.33 

782 

5 

1.62 

519 

5 

3.67 

865 

5 

2.75 

679 

6 

L54 

521 

6 

3.05 

740 

6 

2.84 

703 

7 

L54 

521 

7 

2.45 

628 

7 

2.84 

703 

8 

1.02 

477 

8 

2.00 

561 

8 

2.89 

709 

9 

1.21 

493 

9 

1.84 

551 

9 

2.03 

713 

10 

1.21 

493 

10 

L66 

534 

10 

3.16 

756 

11 

1.46 

513 

11 

1.45 

512 

11 

2.76 

680 

12 

1.85 

552 

12 

1.46 

513 

12 

2.90 

710 

13 

1.70 

538 

13 

1.58 

525 

13 

2.79 

684 

14 

2.14 

586 

14 

1.49 

516 

14 

8.05 

740 

15 

1.69 

537 

15 

1.52 

519 

15 

4.11 

970 

16 

1.19 

491 

16 

1.89 

549 

16 

9.82 

3,080 

17 

1.79 

547 

17 

2.04 

565 

17 

11.35 

3,775 

18 

1.51 

518 

18 

1.37 

509 

18 

9.68 

3,020 

19 

1.59 

528 

19 

2.05 

566 

19 

8.17 

2,375 

20 

1.69 

537 

20 

2.09 

570 

20 

6.56 

1,735 

21 

1.58 

525 

21 

1.82 

549 

21 

.  6.54 

1.380 

22 

1.41 

508 

22 

1.43 

510 

22 

6.52 

1,375 

23 

1.62 

530 

23 

1.49 

516 

23 

5.50 

1.370 

24 

1.62 

630 

24 

1.35 

507 

24 

5.36 

1,330 

25 

L61 

528 

25 

1.55 

522 

25 

5.87 

1«405 

26 

1.61 

528 

28 

1.94 

555 

26 

6.33 

1,665 

27 

1.53 

520 

27 

2.11 

673 

27 

6.72 

1,440 

28 

1.86 

648 

28 

2.11 

573 

28 

6.42 

1,345 

29 

1.88 

550 

29 

1.82 

549 

29 

4.74 

1,135 

30 

1.80 

547 

80 

L73 

541 

30 

8.78 

895 

31 

L74 
2.53 

542 

Oct        1 

1.43 

Dea       1 

a6i 

16,622 

20,286 

39,379 

Aug.         1 

648 

610 

856 

2 

2.53 

648 

2 

L65 

522 

2 

4.17 

977 

3 

2.46 

629 

3 

1.84 

553 

3 

4.47 

1,060 

4 

2.54 

650 

4 

1.60 

527 

4 

4.71 

1,126 

5 

2.64 

660 

5 

1.52 

519 

5 

4.67 

1,121 

6 

2.56 

652 

6 

1.69 

537 

6 

4.37 

1,040 

7 

2.49 

632 

7 

1.91 

554 

7 

4.67 

1,121 

8 

2.33 

613 

8 

2.04 

565 

8 

4.67 

1.121 

9 

2.28 

608 

9 

1.93 

554 

9 

3.36 

792 

10 

2.64 

660 

10 

1.93 

554 

10 

3.33 

786 

11 

2.37 

617 

11 

1.94 

555 

11 

3.33 

786 

12 

2.38 

618 

12 

3.36 

791 

12 

3.45 

808 

13 

2,32 

612 

13 

4.68 

1,124 

13 

3.53 

834 

14 

2.26 

604 

14 

4.68 

1,124 

14 

3.36 

792 

15 

2.12 

574 

15 

5.80 

1,475 

15 

2.94 

•         715 

16 

1.82 

549 

16 

5.00 

1,403 

16 

3.00 

726 

17 

1.36 

508 

17 

5.40 

1,  335 

17 

2.92 

712 

18 

1.28 

500 

18 

4.61 

1,102 

18 

2.86 

600 

19 

1.26 

498 

19 

3.79 

881 

19 

2.89 

603 

20 

1.18 

490 

20 

3.07 

743 

20 

2.95 

717 

21 

1.11 

485 

21 

2.54 

650 

21 

2.61 

657 

22 

1.08 

482 

22 

2.46 

629 

22 

2.95 

716 

23 

1.11 

485 

23 

2.54 

650 

23 

2.75 

678 

24 

L56 

523 

24 

2.56 

652 

24 

3.36 

792 

25 

1.50 

517 

25 

2.60 

656 

25 

5.36 

1,330 

26 

L64 

521 

26 

2.64 

660 

28 

7.95 

2,280 

27 

1.76 

543 

27 

2.68 

665 

27 

a  32 

2,430 

28 

2.00 

561 

28 

3.50 

814 

28 

8.36 

2,450 

29 

2.50 

633 

29 

3.02 

923 

29 

7.70 

2,180 

30 

3.82 

884 

80 

3.90 

920 

80 

6.00 

1,525 

31 

6.03 

1,555 

31 

4.55 

1,070 

81 

6.47 

1,700 

19,159 

24,217 

H211 
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T<ible  showing  the  daily  discharge  and  height  of  the  Connecticut  Uwer  at  Hartford,  from 
January  1  to  December  31,  1872. 


Date. 

Height, 

Millions  of  1 

Date. 

Heii^bt, 

Millions  of 

Date. 

Heischt, 

MiUionsof 

feet 

cubic  feet 

feet 

cubic  feet 

feet 

cubic  feet 

1872. 

1872. 

1872. 

Jan.         1 

5.44 

1,350  1 

Mar.      1 

2.45 

628 

May      1 

12.08 

4,112 

2 

5.21 

1,279  1 

2 

2.43 

625 

2 

11.18 

3,698 

3 

5.58 

1,390 

3 

2.76 

680 

8 

11.98 

4,070 

4 

ao7 

1,570 

4 

3.03 

729 

4 

13.11 

4,594 

.      5 

6.67 

1,780 

5 

2.32 

612 

6 

13.33 

4.700 

6 

6.42 

1,685 

6 

1.61 

525 

6 

13.68 

4,880 

7 

5.39 

1,335 

7 

L81 

648 

7 

13.67 

4,875 

8 

4.39 

1,042  1 

8 

2.11 

673 

8 

12.83 

4.470 

9 

4.04 

960  1 

9 

1.86 

647 

9 

11.64 

8.910 

10 

4.18 

980  , 

10 

2.76 

663 

10 

10.19 

3,250 

11 

4.11 

970 

11 

4.50 

1,065 

11 

9.60 

2,982 

12 

4.21 

985  1 

12 

4.89 

1,175 

12 

9.29 

2,850 

13 

4.03 

950  1 

13 

4.56 

1,071 

13 

9.00 

2,713 

14 

3.78 

880  1 

14 

4.11 

970 

14 

8.46 

2,500 

15 

8.35 

790 

15 

8.82 

884 

15 

7.49 

2,100 

16 

a42 

800  ' 

16 

2.31 

611 

16 

a69 

1,780 

17 

a  47 

810  ! 

17 

2.20 

698 

17 

6.77 

1.460 

18 

3.20 

760 

18 

2.78 

682 

18 

5.71 

i;445 

19 

2.08 

720 

19 

2.58 

654 

19 

6.87 

1,490 

20 

3.47 

820 

20 

2.28 

608 

20 

a  75 

1,775 

21 

8.67 

8651 

21 

2.47 

630 

21 

6.20 

1,610 

22 

3.75 

877 

22 

1.72 

540 

22 

5.88 

1,500 

23 

3.81 

883 

23 

2.06 

668 

23 

5.58 

1,390 

24 

2.86 

690 

24 

2.06 

668 

24 

6.35 

1,670 

25 

2.47 

630 

25 

2.08 

670 

25 

6.14 

1,585 

26 

2.30 

610 

28 

2.39 

619 

26 

6.83 

1,835 

27 

2.28 

608 

27 

2.47 

630 

27 

7.60 

2,140 

28 

2.17 

590 

28 

2.97 

719 

28 

&75 

i;820 

29 

2.03 

564 

29 

a57 

850 

29 

an 

1,575 

30 

L94 

655 

30 

4.67 

1,120 

80 

a  12 

i;580 

31 

L99 
1.92 

560 

31 
Apr.      1 

4.89 
6.67 

1,176 

31 
June     1 

aeo 
a83 

1.755 

29,288 

22,437 

82,164 

Feb.         1 

552 

1,425 

1,830 

2 

2.11 

573 

2 

4.08 

964 

2 

a87 

1,850 

3 

2.45 

628 

3 

3.69 

867 

3 

a  83 

1,830 

4 

2.86 

690 

4 

3.61 

855 

4 

7.03 

1.915 

5 

3.05 

740  1 

6 

4.14 

973 

5 

7.29 

2,016 

6 

8.11 

750  1 

6 

4.53 

1,075 

6 

7.57 

2,125 

7 

2.92 

712 

7 

4.92 

1,185 

7 

7.62 

2.145 

8 

2.83 

702 

8 

7.06 

1,925 

8 

7.65 

2.160 

9 

2.64 

660 

9 

9.75 

8,050 

9 

7.79 

2.220 

10 

2.15 

587 

10 

12.72 

4.410 

10 

7.99 

2,300 

11 

2.17 

581 

11 

18.30 

7,510 

11 

8.68 

2.584 

12 

2.86 

616 

12 

19.65 

8,475 

12 

13.36 

4.720 

13 

3.17 

752 

18 

18.70 

7,750 

13 

14.81 

6,450 

14 

3.90 

920 

14 

18.40 

7,580 

14 

14.26 

5,165 

15 

3.43 

801 

15 

19.03 

8,010 

15 

12.24 

4.180 

16 

ao6 

741 

16 

17.21 

6,820 

16 

11.45 

8,820 

17 

2.76 

680 

17 

15.01 

6,550 

17 

a58 

2.646 

18 

2.36 

616 

18 

12.87 

4,480 

18 

7.14 

1.970 

19 

2.19 

583 

19 

11.56 

8,870 

19 

6.78 

1,470 

20 

2.22 

600 

20 

11.58 

3,872 

20 

5u21 

1280 

21 

2.20 

598 

21 

11.92 

4,  030 

21 

5.04 

11230 

22 

2.25 

603 

22 

13.20 

4,640 

22 

4.68 

1,125 

23 

2.39 

610 

23 

15.31 

6,720 

23 

3.46 

810 

24 

2.28 

608 

24 

15.89 

6,040 

24 

3.46 

810 

25 

2.25 

603 

25 

15.03 

5,652 

25 

8.90 

920 

26 

2.19 

583 

26 

14.15 

6,100 

26 

4.25 

1.010 

27 

2.11 

673 

27 

13.64 

4,850 

27 

4.17 

977 

28 

2.08 

670 

28 

14.15 

5,100 

28 

4.49 

1.070 

29 

2.28 

608 

29 

13.68 

4,880 

29 

4.58 

1.090 

30 

12.70 

4,408 

30 

4.49 

1.070 

18,849 

130,966 

63.096 
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Table  showing  the  daily  discharge  and  height  of  tlie  Connecticut  Biverj  j-e. — Continued. 


Date. 

Height, 

Millions  of 

Date. 

Height, 

1 
MillionB  of  1 

Date. 

Height, 

MiUionHof 

feet. 

cubic  feet. 

feet 

cubic  feet.  1 

1 

feet 

cubic  feet 

1872. 

■ 

1872. 

1872. 

Jnly         1 

a92 

923 

Sept      1 

9.22 

2,820 

Nov.      1 

5.92 

1,510 

2 

3.35 

785 

2 

9.35 

2,875 

2 

5.58 

1,390 

3 

3.10 

740 

3 

9.11 

2,775 

3 

5.58 

1,390 

4 

3.26 

775 

4 

8.57 

2,540 

4 

5.44 

1,350 

5 

3.40 

800 

5 

7.99 

2,300 

5 

5.74 

1,460 

6 

3.76 

880 

6 

6.97 

1,885 

6 

6.65 

1,425 

7 

3.51 

830 

7 

6.76 

1,825 

7 

6.61 

1,760 

8 

3.08 

738 

8 

6.61 

1,760 

8 

8.29 

2,420 

9 

2.97 

720 

9 

4.96 

1,200 

9 

8.67 

2,575 

10 

a  17 

750 

10 

4.73 

1,140 

10 

7.70 

2,182 

11 

3.53 

832 

11 

4.67 

1,120 

11 

8.08 

2,835 

12 

a97 

935 

12 

4.95 

1,198  1 

12 

7.36 

2,040 

13 

3.78 

882 

13 

5.96 

1,525  1 

13 

7.39 

2,050 

14 

3.54 

833 

14 

&05 

1,560  1 

14 

10.81 

8,530 

15 

3.39 

700 

15 

&18 

1,600  1 

15 

12.08 

4,110 

16 

3.53 

832 

16 

6.32 

1,660  1 

16 

12.79 

4,440 

17 

3.51 

830 

17 

&97 

1,900  1 

17 

12.56 

4,340 

18 

3.37 

787 

18 

7.36 

2,040  1 

18 

10.03 

8,176 

19 

3.45 

816 

19 

6.96 

1,895  1 

19 

8.87 

2.670 

20 

a32 

780 

20 

7.18 

1,975  1 

20 

7.78 

2,215 

21 

3.44 

810 

21 

6.60 

1,755 

21 

6.97 

1,890 

22 

3.39 

798 

22 

5.90 

1,600 

22 

6.69 

1,780 

23 

3.50 

828 

23 

5.43 

1,350 

23 

6.25 

1,625 

24 

3.51 

830 

24 

4.97 

1,210 

24 

6.86 

1,490 

25 

3.62 

850 

25 

4.80 

1,160 

25 

5.67 

1,425 

26 

4.92 

1.190 

26 

4.93 

1,185 

26 

5.36 

1,325 

27    1 

4.89 

1,180 

27 

5.50 

1,370 

27 

5.42 

1,340 

28 

4.51 

1,070 

28 

8.40 

2,470 

28 

6.39 

1,335 

29 

4.33 

1,025 

29 

7.20 

1,975 

29 

5.06 

1,240 

30 

4.36 

1,031 

30 

a  78 

1,820 

30 

4.57 

1,080 

31 

4.39 
6.22 

1,038 

Oct       1 

5.87 

Dec.       1 

4.42 

26,918 

63,388  1 

62,897 

4  ..^                         1      1 

1,280 

1,490 

1,050 

Au^.           2    ' 

a  79 

884 

2 

5.43 

1,375  1 

2 

4.61 

1,100 

3 

a  57 

840 

3 

4.86 

1,175  1 

3 

6.06 

1,240 

4.13 

971 

4 

4.53 

1, 075  1 

4 

4.89 

1,180 

5 

7 
8 

lO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

5.07 

1,236 

5 

4.55 

1,085  1 

5 

4.50 

1,090 

5.67 

1,425 

6 

4.08 

960 

6 

5.03 

1,230 

a24 

1,625 

7 

4  01 

936 

7 

5.20 

1,280 

6L43 

1,725 

8 

4.03 

950 

8 

5.36 

1,330 

ft06 

1,560 

9 

3.85 

900 

9 

5.39 

1,340 

6.48 

1,370 

10 

4.25 

1,000 

10 

3.75 

880 

3.93 

923 

11 

4.58 

1,090 

11 

4.00 

933 

3.72 

870 

12 

4.75 

1,140 

12 

4.78 

1,150 

4.03 

950 

13 

5.01 

1,220 

13 

5.92 

1,500 

4.29 

1,015 

14 

5.26 

1,280 

14 

7.00 

1,920 

4.82 

1,160 

15 

5.51 

1,375 

15 

6.94 

1,830 

5.86 

1,485 

16 

5.84 

1,440 

16 

7.06 

1,925 

a  36 

2,440 

17 

5.99 

1,540 

17 

7.39 

2,050 

11-68 

8,880 

18 

5.76 

1,450 

18 

7.30 

2,020 

12.14 

4,150 

19 

5.73 

1,440 

19 

7.22 

1,985 

11.82 

3,995 

20 

5.03 

1,225 

20 

6.00 

1,540 

11.07 

3,650 

21 

5.86 

1,490 

21 

6.00 

1,540 

10.  03 

3,175 

22 

6.42 

1,680 

22 

6.11 

1,575 

22 

9.48 

2,940 

23 

5.88 

1,500 

23 

6.00 

1,540 

23 
24 

&97 

2,710 

24 

6.14 

1,580 

24 

6.00 

1,540 

&67 

2,580 

25 

5.94 

1,522 

25 

6.00 

1,540 

25 

&  33 

2,440 

26 

5.22 

1,280 

26 

6.00 

1,640 

28 

7.  27 

2,000 

27 

6.67 

1,430 

27 

6.00 

1,640 

27 

6  03 

1,540 

28 

5.85 

1,480 

28 

6.00 

1,540 

28 

• 

5.17 
5.76 

a39  ^ 

1,270 

29 

6.64 

1,775 

29 

6.00 

1,540 

29 

1,460 

80 

7.64 

2,170 

30 

&00 

1,640 

30 
31 

2.460 

31 

6.92 

1,870 

31 

8.00 

1,540 

60,996 

41.923 

45.648 
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Table  ahotving  the  daily  discharge  and  height  of  the  Connecticut  Eiver  at  Hartford,  from 
January  1  to  December  31,  1873. 


Date. 

Height, 

Millions  of 

Date. 

Height, 

Millionflof 

Date. 

Height, 

MiUionsof 

feet 

cubic  feet. 

feet 

cubic  feet 

feet 

cubic  feet 

1873. 

1873. 

1873. 

Jan.         1 

6.00 

1,540 

Mar.      1 

4.41 

1,048 

May      1 

15.14 

5,625 

2 

6.00 

1,540 

2 

4.44 

1,054 

2 

15.33 

6.725 

3 

6.00 

1,540 

3 

5.11 

1,240 

3 

16.08 

6,140 

4 

6.00 

1,540 

4 

4.83 

1,168 

4 

17.61 

7,060 

6 

6.05 

1,570 

5 

4.45 

1,056 

5 

17.02 

6,700 

6 

6.14 

1,585 

6 

4.42 

1,050 

6 

15.96 

6,075 

7 

6.28 

1,641 

7 

4.36 

1,038 

7 

15.03 

5,550 

8 

6.71 

1,800 

8 

4.55 

1,085 

8 

13.89 

4.980 

0 

7.19 

1,975 

9 

4.42 

1,050 

9 

13.30 

4,690 

10 

7.00 

1,910 

10 

4.22 

987 

10 

14.30 

5,180 

11 

6.19 

1,600 

11 

4.53 

1,075 

11 

14.97 

5,540 

12 

5.61 

1,405 

12 

4.94 

1,196 

12 

15.20 

5.660 

13 

5.12 

1,252 

13 

5.53 

1,375 

13 

15.62 

6,980 

14 

5.07 

1,238 

14 

6.33 

1,660 

14 

15.86 

6,025 

15 

5.00 

1,218 

15 

6.34 

1,662 

15 

15.64 

5.910 

16 

5.20 

1,278 

16 

5.92 

1,510 

16 

14.76 

5,420 

17 

5.42 

1,345 

17 

5.69 

1,435 

17 

13.75 

4,920 

18 

6.61 

1,760 

18 

6.97 

1,540 

18 

12.50 

4,310 

19 

7.61 

2,140 

19 

&14 

1,590 

19 

11.07 

3,650 

20 

12.44 

4,275 

20 

6.39 

1,675 

1               20 

9.95 

3,140 

21 

13.42 

4,740 

21 

6.72 

1,800 

1               21 

9.14 

2,790 

22 

12.55 

4,330 

22 

6.25 

1,625 

22 

a85 

2,670 

23 

10.83 

3,540 

23 

5.82 

1,430 

23 

9.60 

2,980 

24 

9.97 

3,150 

24 

5.72 

1,445 

24 

9.83 

3,080 

25 

9.47 

2,930 

25 

5.35 

1,320 

25 

9.61 

2,990 

26 

7.45 

2,075 

26 

5.22 

1,280 

26 

9.42 

2,920 

27 

7.17 

1,973 

27 

4.98 

1.210 

27 

9.33 

2,870 

28 

7.14 

1,970 

28 

4.75 

1,140 

28 

9.07 

,    2,750 

29 

a  75 

1,820 

29 

5.24 

1,285 

29 

9.03 

2,700 

30 

&58 

1,750 

30 

8.32 

2,435 

J               30 

8.52 

2,610 

31 

a97 
7.33 

1,900 

31 
Apr.       1 

9.64 
9.74 

3,010 

31 
1  June     1 

7.72 
a90 

2,180 

64,430 

43,316 

138,720 

Feb.         1 

2.030 

3,045 

1,870 

2 

7.00 

1,910 

2 

11.27 

3,740 

2 

6.08 

1.560 

3 

7.42 

2,070 

3 

12.97 

4,540 

i                3 

6.46 

1,360 

4 

aoo 

2,310 

4 

13.29 

4,680 

4 

4.86 

1,177 

5 

7.53 

2,120 

5 

13.24 

4,660 

5 

4.64 

1,110 

6 

6.92 

1,880 

6 

13.22 

4,650 

6 

4  44 

1.060 

7 

6.31 

1,650 

7 

13.29 

4,680 

7 

4.21 

1,000 

8 

.5.97 

1,530 

8 

13.64 

4.870 

8 

4.25 

1,010 

9 

5.30 

1,300 

9 

15.  05 

6,575 

0 

4.40 

1,043 

10 

5.45 

1,380 

10 

17.12 

6,770 

10 

4.50 

1,065 

11 

5.86 

1,480 

11 

19.10 

8,070 

1               11 

4.14 

973 

12 

6.58 

1,750 

12 

20.30 

8,925 

12 

3.80 

882 

13 

5.42 

1,346 

13 

20.85 

9,375 

13 

3.56 

849 

14 

5.40 

1,340 

14 

19.80 

8,570 

!               14 

3.86 

900 

15- 

5.26 

1,290 

15 

18.78 

7,740 

15 

3.97 

925 

16 

6.  05 

1,233 

16 

17.94 

7,255 

1               16. 

3.50 

825 

17 

5.25 

1,284 

17 

17.51 

7,000 

17 

3.01 

727 

18 

6.53 

1,725 

18 

17.68 

7,120 

'               18 

2.64 

660 

19 

7.50 

2,100 

19 

17.28 

6,870 

19 

2.62 

6.58 

20 

7.35 

2,040 

20 

16.56 

6,425 

,               20 

2.58 

654 

21 

6.83 

1,840 

21 

16.63 

6.465 

1               21 

2.46 

629 

22 

6.25 

1,625 

22 

17.13 

6,775 

22 

2.43 

625 

23 

6.03 

1,5.'H) 

23 

16.86 

6,560 

23 

2.36 

616 

24 

5.86 

'1.490 

24 

16.15 

6,175 

24 

2.32 

612 

25 

a  59 

1,640 

25 

15.02 

5,890 

25 

2.32 

612 

26 

4.95 

1,040 

26 

15. 05 

5,575 

26 

2.11 

573 

27 

4.42 

1,050 

27 

14.10 

5,075 

27 

2.D6 

668 

28 

4.67 

1,120 

28 

13.36 

4,720 

28 

2.16 

692 

29 

13.54 

4,825 

1-              29 

2.57 

653 

80 

1 

14.23 

5,160 

1              80 

2.32 

612 

45,123 

1        181, 780 

1 

26,400 
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Table  shaieing  the 

daily  discharge  and  height  of 

the  Connecticut  Rivera 

4'C. — Continued. 

Date. 

Height, 

MiUionsof 

Date. 

Height, 

MUlionsof' 

Date. 

1873. 

Height, 

MUlionsof 

feet 

cubio  feet 

feet 

cubic  feet  ' 

feet 

cubic  feet 

1873. 

1873. 

July         1 

2.32 

612 

Sept      1 

1.24 

496  1 
483 

Nov.      1 

8.19 

2,384 

2 

1.72 

540 

2 

*      1.09 

2 

7.42 

2,060 

3 

1.67 

532 

3 

0.99 

474  ' 

8 

6.65 

1,775 

4 

1.77 

544 

4 

1.58 

525 

4 

6.07 

1,565 

5 

L68 

535 

5 

1.87 

549  1 

5 

5.68 

1,430 

6 

1.82 

550 

6 

1.43 

510 

6 

5.24 

1,290 

7 

2.39 

619 

7 

1.81 

548 

7 

4.97 

1,210 

8 

2.85 

689 

8 

1.72 

540 

8 

5.31 

1,310 

0 

2.60 

665 

9 

1.76 

544 

0 

6.18 

1,590 

10 

2.57 

653 

10 

1.92 

552  ' 

10 

6.45 

1.700 

11 

2.32 

612 

11 

2.08 

570 

11 

6.50 

1,720 

12 

2.20 

598 

12 

1.90 

550  1 

12 

6.36 

1,670 

13 

2.13 

575 

13 

1.92 

550  , 

13 

5.60 

1,435 

14 

2.18 

596 

14 

1.79 

647  , 

14 

5.20 

1,300 

15 

2.21 

699 

15 

0.88 

465 ; 

15 

5.01 

1,225 

16 

2.26 

604 

16 

1.32 

504  , 

16 

4.98 

1.210 

17 

2.29 

608 

17 

1.31 

503  ' 

17 

4.75 

1,140 

18 

2.30 

609 

18 

1.54 

521  1 

18 

5.21 

1,279 

10 

2.26 

604 

19 

1.75 

543  1 

19 

4.14 

975 

20 

2.56 

652 

20 

1.12 

486  I 

20 

4.40 

1,044 

21 

3.49 

820 

21 

1.48 

515  1 

21 

3.97 

928 

22 

3.53 

846 

22 

2.21 

585  1 

22 

3.93 

924 

23 

2.75 

679 

23 

2.81 

685  1 

23 

3.69 

868 

24 

2.36 

616 

24 

2.64 

660  ' 

24 

4.12 

971 

25 

2.32 

612 

25 

3.59 

352 

25 

4.36 

1,031 

26 

2.36 

616 

26 

4.37 

1,039  1 

26. 

4.32 

1,033 

27 

1.79 

547 

27 

3.80 

882 

27 

a  91 

921 

28 

1.48 

515 

28 

3.18 

757  i 

28 

6.11 

1,250 

29 

2.11 

573 

29 

2.76 

680 

29 

5.41 

1,345 

30 

2.24 

604 

30 

2.25 

603  1 

30 

6.37 

1,332 

31 

1.96 
l.»5 

■      558 

Oct        1 

2.30 

Dec.      1 

4.81 

18,982 

17,718  ' 

39,915 

A««-           1 

555 

1 
610 
618 
604 

1,160 

1.78 

545 

2 

2.38 

2 

6.16 

1,270 

9   1 

1.82 

549 

3 

2.26 

3 

5.41 

1,385 

4    ' 

2.21 

609 

4 

2.55 

651  1 

4 

5.88 

1.490 

5 

1.76 

544 

5 

2.85 

705  ; 

5 

10.08 

3,208 

2.20 

508 

6 

2.64 

680 

6 

12.21 

4,170 

7 

8 

0 

10 

11 

12 

2.20 

598 

7 

3.93 

924  ' 

7 

12.M 

4,375 

2.09 

571 

8 

8.50 

2.510 ; 

8 

10.01 

3,170 

2.04 

566 

9 

10.53 

3,400  1 

9 

a  01 

2,310 

1.88 

550 

10 

11.11 

3,670  i 

10 

7.87 

2,240 

2.03 

564 

11 

9.81 

3,080  1 

11 

7.91 

2,260 

2.08 

OTO 

12 

a29 

2,425 

12 

7.45 

2,075 

2.09 

571 

13 

6.64 

1,775  1 

13 

7.95 

2,275 

14 
15 
16 
17 
18 
19 

2.28 

608 

14 

5.32 

1,310 

14 

10.38 

3,340 

1.76 

544 

15 

4.33 

1,075  : 

15 

10.30 

3.300 

1.51 

618 

16 

3.76 

879  1 

16 

&65 

2,575 

1.08 

482 

17 

3.20 

772 

17 

7.34 

2,040 

1.46 

513 

18 

3.28 

770 

18 

6.80 

1.825 

1.74 

542 

19 

3.39 

795 

19 

6.12 

1,575 

1.72 

640 

20 

4.14 

975 

20 

R29 

1,640 

20 
21 
22 

1.80 

647 

21 

9.76 

8,052 

21 

4.88 

1,173 

2.36 

616 

22 

15.28 

5,680 

22 

5.01 

1.225 

2.  70 

666 

23 

15.17 

5,625  1 

23 

5.  .38 

1.333 

23 

X^90 

550 

24 

13.09 

4.580  1 

24 

5.62 

1,410 

24 

2.  01 

662 

25 

10.33 

8,320  1 

25 

7.04 

1,917 

25 

2.19 
1.75 
1.69 
1.58 
1.43 
1.32  ( 

r 

583 

26 

ao3 

2,320 

26 

6.87 

1,850 

26 

543 

27 

7.01 

1,920  , 

27 

6.48 

1,720 

27 

537 

28 

8.50 

2,  510 

28 

7.49 

2,090 

28 

525 

29 

11.08 

3,660  ; 

29 

a98 

1,900 

29 

510 

30 

10.09 

3.210 

30 

7.80 

2,225 

30 

31 

504 

31 

&93 

2.605| 

31 

7.77 

2,200 

17.270 

66,780  1 

1 

66,726 
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Tahle  BhovAng  the  daily  discharge  and  height  of  the  Conneciicmt  Biver  at  Hartford,  from 
January  1  to  December  31,  1874. 


Date. 

Heifsht, 

Millions  of 

Date. 

Height, 

Millions  of 

1 

j      Date. 

1 

Height, 

Millions  of 

feet. 

cubic  feet 

feet. 

cubic  feet 

felt 

cubic  feet 

1874 

1874. 

1874. 

Jan.         1 

7.89 

2,254 

Mar.      1 

10.33 

3,320 

May      1 

9.62 

2,994 

2 

8.06 

2,335 

2 

a  79 

2,626 

2 

9.21 

2,816 

3 

&13 

2,360 

3 

a  49 

1,712 

3 

9.03 

2,728 

4 

ao6 

2,335 

4 

a58 

1,752 

4 

9.00 

2,713 

6 

10.96 

8,597 

5 

10. 39 

3,345 

6 

9.95 

3,142 

6 

11.49 

3,833 

6 

ia34 

4,710 

6 

11.68 

8,930 

7 

12.66 

4,383 

7 

13.28 

4,675 

7 

12.87 

4.480 

8 

17.93 

7,250 

8 

11.25 

3,730 

8 

12.40 

4,255 

9 

23.51 

11, 520 

9 

9.86 

3,092 

9 

11.60 

3,880 

10 

23.46 

11,530 

10 

a  19 

2,384 

10 

10.84 

3,550 

11 

20.75 

9,280 

11 

6.73 

1,814 

11 

13.40 

4,740 

12 

17.76 

7,170 

12 

5.90 

1,502 

12 

14.72 

6,400 

13 

14.37 

5,220 

13 

5.16 

1,270 

13 

13.76 

4,925 

U 

11.05 

3,640 

14 

aso 

1,756 

14 

12.97 

4,540 

15 

a98 

2,705 

15 

7.53 

2,120 

15 

12.79 

4,450 

16 

7.66 

2,170 

16 

a66 

1,778 

16 

13.21 

4,845 

17 

7.45 

2,075 

17 

5.73 

1,448 

17 

14.43 

6,240 

18 

9.42 

2,920 

18 

4.91 

1,187 

18 

14.65 

5,360 

19 

10.20 

3,255 

19 

a  76 

1,824 

19 

14.40 

5,235 

20 

10.56 

3,415 

20 

a27 

2,419 

20 

14.13 

6,090 

21 

10.45 

3,370 

21 

10.41 

3,350 

21 

13.90 

4,985 

22 

10.72 

3,485 

22 

10.42 

3.355 

22 

14.83 

6,460 

23 

11.48 

3,829 

23 

9.62 

2,994 

23 

ia2i 

6.205 

24 

1L83 

8,990 

24 

ao7 

2,338 

24 

16.62 

6.800 

25 

11.28 

3,745 

25 

7.48 

2,095 

25 

14.28 

5,175 

26 

10.01 

8,175 

26 

a67 

1,781 

26 

14.07 

5,060 

27 

1L83 

8,990 

27 

a22 

1,616 

27 

14.99 

5.542 

28 

12.52 

4,320 

28 

ao9 

1,570 

28 

14.35 

6,210 

29 

12.63 

4,325 

29 

a77 

1,460 

29 

12.93 

4,510 

30 

12.42 

4,265 

30 

a65 

1,420 

30 

1L40 

3,800 

81 

1L29 
9.01 

8,750 

81 
Apr.      1 

a20 

6.04 

1,278 

81 
June      1 

10.22 
9.64 

8.265 

135,  491 

71, 721 

139.213 

Feb.         1 

2,717 

1,228 

2,056 

2 

aso 

2,635 

2 

4.79 

1,167 

2 

9.64 

8,004 

8 

9.25 

2,835 

3 

4.55 

1,085 

8 

9.56 

2,064 

4 

9.17 

2,805 

4 

4.19 

982 

4 

9.05 

2,735 

6 

9.22 

2,820 

5 

4.07 

960 

6 

a54 

2,528 

6 

9.20 

2,810 

6 

4.01 

946 

6 

7.99 

2,300 

7 

9.28 

2,845 

7 

4.02 

948 

7 

7.61 

2,143 

8 

9.13 

2,785 

8 

4.16 

975 

8 

a50 

2,510 

9 

a94 

2,700 

9 

4.45 

1,056 

9 

11.63 

3,905 

10 

&89 

2.685 

10 

a56 

1.384 

10 

11.21 

8,712 

11 

a  76 

2,615 

11 

a97 

1,530 

11 

9.30 

2^855 

12 

a56 

2,535 

12 

5.27 

1,295 

12 

7.72 

2.180 

13 

a  49 

2,508 

13 

4.98 

1,210 

13 

7.35 

2,042 

14 

10.19 

3.250 

14 

4.75 

1,145 

14 

a  71 

1,800 

15 

13.38 

4,730 

15 

4.98 

1,210 

15 

a56 

1,745 

16 

15.44 

5,790 

16 

a  49 

1,712 

16 

a  61 

1,718 

17 

15.01 

6,538 

17 

9.56 

2,964 

17 

a29 

1,640 

18 

13.12 

4,598 

18 

10.05 

8,190 

18 

7.25 

1.992 

19 

11.44 

8.815 

19 

9.08 

2,755 

19 

a83 

2,660 

20 

10.10 

8,214 

20 

a63 

2,667 

20 

10.64 

3.465 

21 

9.23 

2,824 

21 

1116 

3,688 

21 

11.22 

3,720 

22 

a94 

2,700 

22 

12.23 

8,720 

22 

10.67 

8,470 

23 

10.24 

8,275 

23 

10.37 

3,385 

23 

9.68 

3,020 

24 

12.17 

4,150 

24 

9.97 

8,150 

24 

a  45 

4,005 

25 

12.84 

4,465 

25 

9.60 

2,985 

25 

7.23 

1,984 

26 

18.08 

4,580 

26 

a53 

2,960 

26 

a99 

1.903 

27 

12.97 

4,540 

27 

a  99 

2,708 

27 

7.80 

2.006 

28 

11.64 

8,910 

28 

9.46 

2,928 

28 

a  86 

1.846 

29 

9.81 

3,080 

29 

&94 

1.516 

80 

10.03 

8,185 

80 

a  31 

1.306 

96,674 

62,081 

74,110 
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Table  showing  the  daily  discharge  and  height  of  the  Connecticut  River,  j-c, — Continued. 


Date. 

Height, 

MUliansof: 

Date. 

Height, 

MlUioniiof' 

Date. 

Height, 

Millions  of 

feet. 

cabio  feet. 

feet. 

cubic  feet,  j 

feet. 

cubic  feet. 

1874. 

1874. 

1874. 

July        1 

4.77 

1,151  ' 

Sept     1 

2.51 

634| 

Nov.      1 

1.56 

520 

2 

458 

1,090  1 

2 

2.22 

600  ' 

2 

1.32 

500 

3 

4.04 

1, 110 

3 

2.00 

661 

3 

1.47 

615 

4 

4.73 

1.140 

4 

1.43 

510  1 

4 

1.50 

620 

5 

6.28 

1,636 

5 

1.45 

512  ' 

5 

1.87 

550 

6 

9.16 

2,800  i 

6 

1.39 

611  » 

6 

1.68 

630 

7 

8.97 

2,712  1 

7 

1.49 

616 

7 

0.80 

475 

8 

7.65 

2, 156  1 

8 

1.77 

645  ' 

8 

1.90 

560 

9 

6.61 

1,780  1 

9 

1.89 

551 

9 

1.66 

530 

10 

5.87 

1,487  1 

10 

1.95 

556  ' 

10 

L50 

520 

11 

5.44 

1,368  , 

11 

1.89 

551 

11 

1.56 

525 

12 

7.15 

1,974  1 

12 

2.27 

667  1 

12 

0.75 

470 

IS 

13.58 

4,840  ; 

13 

2.80 

610 

13 

0.87 

476 

14 

14.37 

5,220  1 

14 

2.33 

613  1 

14 

0.96 

480 

15 

12.45 

4,280  I 

15 

2.05 

566  > 

15 

0.96 

480 

16 

10.07 

3,200  1 

16 

2.09 

671  1 

16 

0.97 

480 

17 

a  12 

2,356  1 

17 

1.94 

655  ; 

17 

1.22 

495 

18 

6.66 

1,778  1 

18 

2.31 

611 ; 

18 

L54 

520 

19 

5.42 

1,349  1 

19 

1.86 

553 

19 

1,24 

500 

20 

4.70 

1^134  1 

20 

L76 

644  I 

20 

1.75 

540 

21 

4.80 

1,160 
1,334 
1,184 

21 

1.81 

650 

21 

1.83 

650 

22 

5.38 

22 

2.05 

575  1 

22 

L65 

530 

23 

4.90 

23 

2.01 

670 

23 

2.29 

600 

24 

4.37 

1,034 

24 

2.06 

680 

24 

2.02 

570 

25 

3.88 

903  1 

25 

2.11 

680  ' 

25 

1.74 

640 

26 

3.46 

814 

26 

2.27 

600  j 

26 

2.00 

570 

27 

3.41 

800  1 

27 

2.42 

620  ! 

27 

2.07 

575 

28 

3.29 

773  1 

28 

2.89 

700  1 

28 

1.45 

515 

29 

3.30 

777  ! 

29 

3.08 

740  1 

29 

2.13 

680 

SO 

3.32 

782  1 

30 

2.34 

620  1 

30 

2.56 

650 

31  1 

3.95 
4.52 

982  1 

1 

Oct.        1 

2.10 

Dec.      1 

2.32 

55,018  1 

17,412  1 

15,865 

A.I.        l| 

1,074  i 

6901 

616 

4.72 

1.135 

2 

2.50 

640 

2 

2.16 

690 

3 

4.55 

1,084 

3 

2.42 

620  ' 

3 

2.74 

675 

4   1 

4.30 

1,028  1 

4 

2.43 

620 ; 

4 

2.57 

650 

5 

3.00 

920  1 

5 

2.49 

640  ' 

5 

2.78 

680 

6 

3.64 

854  1 

6 

2.63 

6601 

6 

2.70 

670 

7 

3.35 

783 

7 

2.65 

660  ' 

7 

2.99 

725 

8 

a34 

781 

8 

2.45 

630  j 

8 

3.10 

740 

9 

4.60 

1,096 

9 

2.64 

660  1 

9 

2.80 

700 

10 

5.30 

1,302 

10 

a34 

780  1 

10 

2.12 

680 

11 

6.00 

1,220 

11 

3.69 

870  1 

11 

2.43 

625 

12 

4.74 

1,143 

12 

8.56 

840  1 

12 

1.69 

630 

13 

4.40 

1,044  I 

13 

3.25 

770  1 

13 

L18 

490 

14  1 

3.94 

928  1 

14 

3.01 

730 

14 

1.32 

600 

15 

1 

3.64 

854  1 

15 

2.72 

670 

15 

0.44 

450 

16 
17 
18 
19 
20 

i 

23 
24 
25 
26 
27 
28 
29 
30 
31 

1 

4-2« 

1,020  1 

16 

2.32 

620 

16 

1.73 

540 

4.95 

IZ\ 

17 

2.09 

580  1 

17 

1.75 

540 

4.59 

18 

2.15 

680 

18 

1.30 

500 

3.79 

^\ 

19 

1.78 

650 

19 

1.50 

520 

3.48 

20 

1.63 

530  ! 

20 

1.58 

525 

2.75 

679  ' 

21 

1.63 

530  1 

21 

2.52 

645 

2.  S4 

689  1 

22 

2.56 

600  1 

22 

2.46 

625 

3.10 

758  1 

23 

1.91 

560  ' 

23 

2.10 

580 

3.04 

733 

24 

1.97 

665  1 

24 

2.31 

610 

3.  01 

727  , 

25 

1.75 

540  1 

25 

0.92 

476 

3.  04 

783 

26 

1.71 

635 

26 

LOO 

480 

I  07 

740 

27 

1.76 

640 

27 

1.10 

490 

3.  14 

751 

28 

L72 

635 

28 

1.71 

540 

3.17 

756  1 

29 

1.82 

650 

29 

2.10 

580 

3.06 

742  ! 

30 

1.96 

665 

30 

2.11 

580 

aoi 

r 

727  1 

31 

1.81 

660  1 

81 

1.46 

515 

28,293  1 

1 

19,310  1 

1 

17,965 
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Table  for  the  months  and  years. 


1871. 


1872. 


1873. 


1874. 


January 

February  

March 

April 

May 

June 

July 

Auinist 

September  — 

October 

November 

December 

January,  1872. 

Totals.. 


Cttbie/eet 


44,460, 
134, 328. 
66,209, 
80,886, 
23,686, 
16.  522, 
19, 159, 
20,286, 
24,  217, 
39,  379, 
34, 211, 
29, 288, 


000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 


Cubic 
29,288, 
18,849. 
22, 437, 
130, 966, 
82,164, 
63,696, 
28,  918, 
59,996, 
53,388, 
41,923, 
62,897, 
45,  548, 


feet. 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 

000,000 


Cubic 
64,430, 
45,123, 
43, 316, 
181, 780, 
138, 720, 
26,400, 
18,982. 
17, 270, 
17, 718, 
66,780, 
39,  915, 
66, 726, 


feet. 
000,000  I 
000,000  I 
000,000 
000,000  ' 
000,000  ' 
000,000  I 
000,000 
000,000  I 
000,000 
000,000  I 
000,000 
000,000  ! 


Cubic  feet 

135,491,000,000 
96, 674,  000, 000 
71,  721,  000,  OOO 
62,  031,  000,  000 

139, 213, 000,  000 
74, 110, 000, 000 
55,  018,  000, 000 
28,  293, 000, 000 
17, 412,  000, 000 
19,  310. 000, 000 
15, 865,  000,  oOO 
17, 965, 000.  000 


-I- 


532,  631,  000, 000 


638, 070,  000,  000 


727,160,000,000  I   733,103,000,000 


Table  showing  the  number  of  days  in  1871  that  the  average  for  the  day  at  Hartford  was  above 

a  given  height. 


Height. 

No.  of 
daya. 

Height 

No.of 
days. 

Height. 

No.  of 
days. 

Height. 

No.  of 
days. 

FEOBUART. 

2  feet  and  over.. 

30 

3  feet  and  over. .. 

17 

KOVRMBRR. 

3  feet  and  over. . 

30 

4  feet  and  over. . . 

3 

1  foot  and  over... 

28 

4  feet  and  over. . 

30  I 

5  feet  and  over. .. 

2 

1  foot  and  over.. 

30 

2  feet  and  over... 

28 

6  feet  and  over.. 

30  1 

2  feet  and  over.. 

30 

3  feet  and  over... 

17 

8  feet  and  over. . 

30 

JULY. 

3  feet  and  over.. 

22 

4  feet  and  over. . . 

14 

7  feet  and  over.. 

26 

4  feet  and  over.. 

n 

5  feet  and  over... 

12 

8  feet  and  over.. 

12 

6  feet  and  over. . 

13 

6  feet  and  over. . . 

10 

9  feet  and  over.. 

3 

1  foot  and  over... 

31 

6  feet  and  over.. 

6 

7  feet  and  over... 

9 

10  feet  and  over. . 

2 

2  feet  and  over... 

3 

7  feet  and  over.. 

4 

8  feet  and  over. . . 

7 

8  feet  add  over. . 

4 

9  feet  and  over. . . 

6 

9  feet  and  over.. 

3 

10  feet  and  over. . . 

5 

Mat. 

AUGUST. 

10  feet  and  over.. 

1 

11  feet  and  over... 

4 

11  feet  and  over.. 

1 

12  feet  and  over... 

2 

1  foot  and  over. . 

31 

1  foot  and  over... 

31 

2  feet  and  over. . 

31 

2  feet  and  over... 

19 

MABCH. 

8  feet  and  over.. 

31 

3  feet  and  over. .. 

2 

DECKMBKB. 

4  feet  and  over.. 

31 

4  feet  and  over... 

1 

1  foot  and  over. . . 

81 

5  feet  and  over. . 

20 

5  feet  and  over. .. 

1 

2  feet  and  over. . . 

31 

6  feet  and  over.. 

17 

6  feet  and  over. .. 

1 

1  foot  and  over.. 

81 

3  feet  and  over. . . 

81 

7  feet  and  over. . 

15  , 

2  feet  and  over.. 

31 

4  feet  and  over. .. 

31 

8  feet  and  over. . 

11 

3  feet  and  over.. 

23 

5  feet  and  over. . . 

31 

9  feet  and  over.. 

9 

4  feet  and  over. 

14 

6  feet  and  over. .. 

31 

10  feet  and  over.. 

8  ' 

5  feet  and  over.. 

7 

7  feet  and  over... 

29 

11  feet  and  over. . 

7  1 

1  foot  and  over... 

30 

6  feet  add  over.. 

6 

8  feet  and  over... 

27 
27 
27 

12  feet  and  over. . 

6 

2  feet  and  over... 

13 

7  feet  and  over.. 

4 

9  feet  and  over. .. 

13  feet  and  over.. 

5 

3  feet  and  over  . . 

6 

8  feet  and  over.. 

2 

10  feet  and  over  . . 

14  feet  and  over.. 

5 

4  feet  and  over... 

4 

11  feet  and  over... 

27 

15  feet  and  over. . 

4 

5  feet  and  over... 

3 

12  feet  and  over... 

24 

16  feet  and  over. . 

4 

6 feet  and  over... 

2 

JANUARY,  1872. 

13  feet  and  over. . . 

16 

17  feet  and  over. . 

4 

14  feet  and  over... 

6 

18  feet  and  over. . 

3 

15  feet  and  over. .. 

6 

1  foot  and  over.. 

31 

16  feet  and  over... 

2 

JUNB. 

1  foot  and  over... 

31 

2  feet  and  over. . 

29 

2  feet  and  over... 

21 

3  feet  and  over. . 

22 

AFBIL. 

3  feet  and  over  ,. 

13 

4  feet  and  over.. 

13 

1  foot  and  over. . 

30 

4  feet  and  over... 

7 

6  feet  and  over.. 

7 

1  foot  and  over... 

30 

2  feet  and  over.. 

29  ; 

5  feet  and  over. . . 

3 

6  feet  and  over.. 

8 

Total  for  the  year  from  February  1,  1871,  to  January  31,  1872. 


Total  for  twelve  months. 

Total  for  twelve  months. 

Total  for  twelve  months. 

Total  for  twelve  months. 

Height 

No.of 
days.! 

Height 

No.of 
days. 

Height 

No.of 
days. 

Height 

1 

No.of 
days. 

1  foot  and  over — 

2  feet  and  over 

3  feet  and  over 

4  feet  and  over 

5  feet  and  over 

365  1 
295 
214  , 
165  i 
129 

6  feet  and  over. . 

7  fw»t  and  over. . 

8  feet  and  over. . 

9  feet  and  over. . 
10  feet  and  over. . 

106 
87 
63 
48 

« 

11  feet  and  over. . 

12  feet  and  over. . 

13  feet  and  over.. 

14  feet  and  over.. 

1 

39   1  15  feet  and  over.. 
32      16  feet  and  over.. 
21   1  17  feet  and  over.. 
11   1  18  feet  and  over.. 

6 
6 

4 
3 
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Table  showing  the  number  of  days  in  1872  that  the  average  for  the  day  at  Hartford  was  above 

a  given  height 


Height 


'No.  of  I 
idays. ,, 


Height. 


JAXUABT. 

1  foot  and  over  . 

2  feet  and  over  . 

3  feet  and  over  . 

4  feet  and  over  . 

5  feet  and  over  . 

6  feet  and  over  . 

FEBBUABT. 

1  foot  and  over  . 

2  feet  and  over  . 

3  feet  and  over  . 

MABCU. 

1  foot  and  over  . 

2  feet  and  over  . 

3  feet  and  over  . 

4  feet  and  over  . 


APRIL. 


Ifoot 

2  feet 

3  feet 

4  feet 

5  feet 

6  feet 

7  feet 

8  feet 

9  feet 
10  feet 
Ufeet 
12  feet 


and  over . 
and  over . 
and  over . 
and  over . 
and  over . 
and  over  . 
and  over . 
and  over . 
and  over . 
and  over  . 
and  over . 
and  over . 


31 
29 
22 
13 
7 
3 


29  li 
28 

I 

I 

31 

27  i 

9 


30  I 

30  I 
28 
24  I 


22  I 

21  I 
21 


No.  of,, 
days-'i 


13  feet 
Ufeet 
16  feet 

16  feet 

17  feet 

18  feet 

19  feet 


and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over. 


MAT. 


Ifoot 

2  feet 

3  feet 

4  feet 

5  feet 

6  feet 

7  feet 

8  feet 

9  feet 
10  feet 
Ufeet 

12  feet 

13  feet 


and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
uid  over, 
and  over, 
and  over. 


1  foot  and  over. . 

2  feet  and  over. . 

3  feet  and  over. . 

4  feet  and  over. . 

5  feet  and  over.. 

6  feet  and  over. . 

7  feet  and  over. . 

8  feet  uid  over.. 

9  feet  and  over. . 
18  1 1  10  feet  and  over.. 


Height 


No.  of 
days.  I 


15  11  feet  and  over. 
12  'i  12  feet  and  over. 
10  1 1  13  feet  and  over. 
6  1 1  14  feet  and  over. 


6i: 


81 

l' 
I' 


31 
31 
31 

26 1; 

16  I 

14  '' 

4  I 


30  i' 
30  ' 
30  I 
27  • 
21  ', 

15  I 

7    , 

5  |l 


II 


JULY. 

foot  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over. 

AUGUST. 

foot  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over. 

8KFTEMBKR. 

foot  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over, 
feet  and  over. 


Height 


31 

31 

30 

6 


81  ' 

31  1 

31 

27 

23 

16 

12 

11 

6  ' 

5 

4  I 

1  I 


;No.of 

daya. 


8  feet  and  over.. 

9  feet  and  over. . 

OCTOBER. 

1  foot  and  over.. 

2  fwt  and  over. . 

3  feet  and  over. . 

4  feet  and  over. . 

5  fe<'t  and  over.. 

6  feet  and  over.. 

7  feet  and  over. . 

NOVEMBBR. 


Ifoot 

2  feet 

3  feet 

4  feet 

5  feet 

6  feet 

7  feet 

8  feet 

9  fe**t 

10  feet 

11  feet 

12  feet 


and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over, 
and  over. 


3.'! 
30 
30  ' 
30 

23  l| 
19  I, 

9  I, 


DECEMBER. 

1  foot  and  over.. 

2  feet  and  over. . 

3  feet  and  over.. 

4  feet  and  over.. 

5  feet  and  over.. 

6  feet  and  over.. 

7  feet  and  over. . 


31 
31 
31 
30 
21 
5 
1 


80 
30 
29 
17 
13 
9 
5 
6 
3 
3 


31 
31 
31 
80 
24 
18 
5 


I 


Total  for  the  year  from  January  1  to  December  31,  1872. 


II 
Total  for  twelve  montha.   Total  for  twelve  months,  i  Total  for  twelve  months,  i  {  Total  for  twelve  months. 


1  foot  and  over  .  -  366  6  feet  and  over. . 

2  feet  and  over  .  -  359  7  feet  and  over. . 

3  feet  and  over  . .  311  11  8  feet  and  over. . I 

4  feet  and  over  . .  258  \<  9  feet  and  over. .  I 

5  feet  and  over  . .  203  > |  10  feet  and  over. .  | 


145 
94 


11  feet  and  over. . 

12  feet  and  over.. 

13  feet  and  over.. 

14  feet  and  over.. 

15  feet  and  over.. 


I 


42 


16  feet  and  over. 

17  feet  and  over., 
22  18  feet  and  over. 
14  ,    19  feet  and  over. 

10   ! 
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Table  shotdng  the  number  of  days  in  1873  that  the  average  far  the  day  at  Hartford  woe  above 

a  given  height. 


Height. 

No.  of 
days. 

Height. 

No.of' 
days-i 

Height. 

No.of 
daya. 

Height. 

No.  of 
days. 

JANUABT. 

apbil; 

1 

14  feet  and  over.. 

14 

5  feet  and  over.. 

18 

15  feet  and  over. . 

11 

6  feet  and  over.. 

17 

1  foot  and  over . . 

31 

1  foot  and  over.. 

30 

16  feet  and  over. . 

3 

7  feet  and  over.. 

16 

2  feet  and  over  . . 

31 

2  feet  and  over. . 

30 

17  feet  and  over.. 

2 

8  feet  and  over.. 

15 

3  feet  and  over  . . 

31 

3  feet  and  over.. 

30 

9  feet  and  over.. 

10 

4  feet  and  over  . . 

31 

4  feet  and  over.. 

30 

JUNB. 

10  feet  and  over.. 

9 

5  feet  and  over  . . 

31 

5  feet  and  over.. 

30 

11  feet  and  over.. 

6 

6  feet  and  over  . . 

25 

'    6  feet  and  over. . 

80 

1  foot  and  over.. 

30 

12  feet  and  over. . 

4 

7  feet  and  over  . . 

12 

'    7  feet  and  over. . 

30 

2  feet  and  over.. 

30 

13  feet  and  over.. 

4 

8  feet  and  over  . . 

6 

8  feet  and  over.. 

30 

3  feet  and  over.. 

17 

'  14  feet  and  over. . 

3 

9  feet  and  over  . . 

6 

9  feet  and  over.. 

30 

4  feet  and  over. . 

11 

15  feet  and  over. . 

2 

10  feet  and  over  . . 

4 

10  feet  and  over.. 

29 

5  feet  and  over.. 

3 

11  feet  and  over  . . 

3 

11  feet  and  over. . 

29 

6  feet  and  over.. 

2 

NOVBMBBB. 

12  feet  and  over  . . 

3 

12  feet  and  over.. 

28 

13  feet  and  over  . . 

1 

13  feet  and  over.. 

27 

JULY. 

1  foot  and  over.. 

30 

j  14  feet  and  over. . 

20 

2  feet  and  over.. 

30 

FBBBUABT. 

■ 

15  feet  and  over.. 

18 

1  foot  and  over.. 

81 

3  feet  and  over.. 

30 

16  feet  and  over.. 

15 

2  feet  and  over.. 

23 

4  feet  and  over.. 

26 

1  foot  and  over  . . 

28 

17  feet  and  over.. 

11 

8  feet  and  over.. 

2 

5  feet  and  over. . 

18 

2  feet  and  over  . . 

28 

18  feet  and  over. . 

5 ; 

6  feet  and  over.. 

8 

3  feet  and  over  . . 

28 

19  feet  and  over.. 

4  1 

AUOUBT. 

7  feet  and  over.. 

2 

4  feet  and  over  . . 

28 

20  feet  and  over.. 

2 

8  feet  and  over.. 

1 

5  feet  and  over  . . 

25 

1  foot  and  over.. 

31 

6  feet  and  over  . . 

15 

MAY. 

2  feet  and  over.. 

13 

DECBMBBB. 

7fe«tandover .. 

7 

8  feet  and  over  . . 

1 

1  foot  and  over. . 

31 

8EPTEMBBB. 

1  foot  and  over.. 

31 

2  feet  and  over. . 

31 

!    2  feet  and  over.. 

31 

MABCH. 

3  feet  and  over.. 

31 

1  foot  and  over. . 

28 

,    3  feet  and  over.. 

31 

4  feet  and  over.. 

31 

2  feet  and  over.. 

10 

i    4  feet  and  over.. 

31 

1  foot  and  over  . . 

31 

5  feet  and  over.. 

31 

3  feet  and  over.. 

4 

j    5  feet  and  over. . 

29 

2  feet  and  over  . . 

31 

6  feet  and  over. . 

31 

4  feet  and  over.. 

1 

6  feet  and  over, . 

23 

3  feet  and  over  . . 

31 

7  feet  and  over.. 

31 

1    7  feet  and  over. . 

17 

4  feet  and  over  . . 

31 

8  feet  and  over. . 

30 

OCTOIffiB. 

,    8  feet  and  over. . 

8 

5  feet  and  over  . . 

18 

9  feet  and  over. . 

28 

9  feet  and  over. . 

6 

6  feet  and  over  . . 

8 

10  feet  and  over.. 

19 

1  foot  and  over.. 

31 

10  feet  and  over, . 

6 

7  feet  and  over  . . 

2 

11  feet  and  over.. 

19 

2  feet  and  over.. 

81 

11  feet  and  over.. 

2 

8  feet  and  over  . . 

2 

12  feet  and  over. . 

18 

3  feet  and  over  . 

25 

12  feet  and  over.. 

2 

0  feet  and  over.. 

1 

13  feet  and  over. . 

17 

4  feet  and  over. . 

20 

Total  for  the  year  from  Jamiary  1  to  December  31,  1873. 


Height. 


No.  of, 
days. 


Height. 


No.  of 
days. 


1  foot  and  over  . 

2  feet  and  over  . 

3  feet  and  over  . 

4  feet  and  over  . 
6  feet  and  over  . 


363   I  6  feet  and  over..  159 

319  ,  7  feet  and  over..  117 

260  8  feet  and  over. .  93 

240   .  9  feet  and  over...  81 

203   I  10  feet  and  over.. <  67 


Total  for  twelve  months. '.  Total  for  twelve  months.'  Total  for  twelve  months.'  Total  for  twelve  months. 


Height. 


No.of! 
days.  ' 


Height 


No.  of 

daya 


11  feet  and  over.. 

12  feet  and  over. .  [ 

13  feet  and  over..! 

14  feet  and  over..; 

15  feet  and  over..  I 


50  16  feet  and  over. . 
55  I  17  feet  and  over. . 
49  1 1  18  feet  and  over.. 
37  ! I  19  feet  and  over.. 
31      20  feet  and  over. - 


18 
13 
5 

4 
2 
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Table  showing  the  number  of  days  in  1874  that  the  average  for  the  day  at  Hartford  was  above 

a  given  height. 


Height. 

N'o.of 
days. 

1 

1          Height 

Xo.of 
days. 

Height. 

Xo.of 
daya. 

Height. 

No.  of 
days. 

JAXUABY. 

13  feet  and  over. . 

5 

5  feet  and  over. . 

31 

11  feet  and  over.. 

3 

1  14  feet  and  over. . 

3 

1    6  feet  and  over. . 

31 

12  feet  and  over. . 

3 

1  foot  and  over  . . 

31 

15  feet  and  over.. 

3 

1    7  feet  and  over. . 

31 

13  feet  and  over. . 

2 

2  feet  and  over  . . 

31 

1 

8  feet  and  over.. 

31 

14  feet  and  over.. 

1 

3  feet  and  over  . . 

31 

MARCH. 

9  feet  and  over. . 

31 

4  feet  and  over  . . 

31 

10  feet  and  over.. 

26  1 

AU0C8T. 

5  feet  and  over  . . 

31 

1  foot  and  over. . 

31 

11  fe««t  and  over. . 

24 

6  feet  and  over  . . 

31 

,    2  feet  and  over. . 

31 

12  tVet  and  over. . 

21  1 

1  foot  and  over. . 

31 

7  feet  and  over  . . 

31 

,    3  feet  and  over. . 

31 

13  feet  and  over. . 

16  ' 

2  feet  and  over. . 

31 

8  feet  and  over  . . 

28 

,    4  feet  and  over. . 

31 

14  foet  and  over.. 

12  1 

3  feet  and  over. . 

29 

9  feet  and  over  . . 

24 

5  feet  and  over.  - 

30 

15  ffet  and  over. . 

2  ' 

4  feet  and  over.. 

12 

10  feet  and  over  . . 

23 

6  fe«>t  and  over. . 

24 

16  feet  and  over. . 

1 

5  feet  and  over.. 

2 

11  fe<'t  and  over  . . 

17 

'    7  feet  and  over. . 

15 

1 

12  feet  and  over  . . 

10 

1    8  feet  and  over. , 

13 

JUNE. 

8E1>TKMHEU. 

13  feet  and  over  . . 

6 

1    9  feet  and  over. . 

9 

1 

14  ffH-t  and  over  . . 

6 

10  feet  anil  over.. 

7 

1  foot  and  over. . 

30 

1  fiiot  and  over. . 

30 

15  feet  and  over  . . 

5 

1  11  feet  and  over.. 

3 

2  feet  and  over. . 

30 

2  feet  and  over. . 

30 

16  fe*'t  and  over  . . 

5 

12  feet  and  over.. 

2 

'    3  feet  and  over.. 

30i 

3  feet  and  over. . 

30 

17  feet  arid  over  . . 

5 

,  13  foet  and  over. . 

2 

'    4  f*H't  and  over. . 

30  1 

4  feet  and  over. . 

30 

18  f*'et  and  over  . . 

3 

5  fi'itt  and  over. . 

30  i 

5  feet  and  over. . 

30 

19  feet  and  over  . . 

3 

'               APRIL. 

1     6  feet  and  over. . 

28  ' 

6  feet  and  over.. 

11 

20  fe«-t  and  over  . . 

3 

'    7  feet  and  over. . 

22  ! 

7  feet  and  over. . 

2 

21  feet  and  over  . . 

2 

1  foot  and  over.. 

30 

8  feet  and  over.. 

15  1 

22  feet  and  over  . . 

2 

1    2  feet  and  over. . 

30 

9  feet  and  over.. 

11 

OCTOBEB. 

23  feet  and  over  . . 

2 

3  feet  and  <.»ver. . 

30 

10  feet  and  over. . 

5 

1    4  feet  and  over. . 

30 

IJ  feet  and  over.. 

3 

1  foot  and  over. . 

31 

FKBKtABY. 

5  feet  and  over. . 

19 

2  feet  and  over. . 

19 

6  feet  and  over. . 

15 

JCLT 

3  feet  and  over.. 

5 

1  fiiot  and  over  . . 

28 

'    7  feet  and  over. . 

14 

1 

2  feet  and  over  . . 

28 

8  feet  and  over. . 

14 

1    1  foot  and  over. . 

31 

KOVEMBEK. 

3  feet  and  over  . . 

28 

9  feet  and  over. . 

12 

1    2  feet  and  over. . 

31 

4  feet  and  over  . . 

28 

,  10  feet  and  over.. 

5 

1    3  feet  and  over. . 

31 

I  foot  and  over. . 

24 

5  feet  and  over  . . 

28 

11  feet  and  over. . 

2 

1    4  feet  and  over. . 

24 

2  feet  and  over.. 

6 

6  feet  and  over  . . 

28 

' 

,    5  feet  and  over. . 

16 

7  feet  and  over  . . 

28 

'                MAT. 

1    6  feet  and  over.. 

12 

DECEMBBU. 

8  feet  and  over  . . 

28 

1 

1    7  feet  and  over. . 

9 

9  feet  and  over  . . 

21 

'    1  foot  and  over. . 

31 

1    8  feet  and  over. . 

7 

1  foot  and  over. . 

29 

10  f««et  and  over  . . 

13 

'    2  feet  and  over. . 

31 

9  feet  and  over. . 

5 

2  feet  and  over. . 

17 

11  feet  and  over  . . 

10 

1    3  feet  and  over. . 

31 

•  10  feet  and  over. . 

4 

3  feet  and  over. . 

1 

12  feet  and  over  . . 

8 

1    4  feet  and  over. . 

31 

1 

Total  for  the  year  from  January  1  to  December  31,  1874. 


Total  for  twelve  months,' 

1' 
Total  for  twelve  months,  i  Total  for  twelve  months. 

1  Total  for  twelve  months. 

i 

iT^.-^v-f           "No.  of; 
Height.          ,^y^| 

1           1 

-[T««<.k4-            Xo.of'          -ii^;™!.*            Xo.of 
Height.            days.'          Height          \^^^.^ 

\'                                 1 

1 

Height 

Xo.of 
days. 

1  foot  and  over  . . . 

2  feet  and  over  . . . 

3  feet  and  over . . . 

4  feet  and  over  . . . 

5  feet  and  over . . . 

6  feet  and  over  . . . 

357  1 
315  i 
280, 
247  1 
217 
180  , 
1 

7  feet  and  over. . !    152  I '  13  feet  and  over. .  1      31 

8  feet  and  over. .  i    136  1 '  14  feet  and  over. .  1      22 

9  feet  and  over. . ,    113  j    15  feet  and  over. .       10 

10  feet  and  over. .  |      83  1 1  16  feet  and  over. .         6 

11  feet  and  over. . ,      62  i '  17  feet  and  over. .  [        5 

12  feet  and  over. . ,      42  i    18  feet  and  over. . .       3 

19  feet  and  over. . 

20  feet  and  over. . 

21  feet  and  over. . 

22  feet  and  over. . 

23  feet  and  over. . 

3 
3 
2 
2 
2 

TABLES  APPENDED. 

There  are  also  appended  to  thia  report  the  following  tables,  belonging  more  properly 
to  the  first  part  of  it,  relating  to  the  surveys,  but  which  were  not  prepared  when  that 
was  transmitted: 

Table  of  recorded  heights  of  remarkable  freshets  in  the  Connecticut  River  above 
low-water  at  Hartford. 

Table  of  borings  between  Hartford  and  Holyoke,  showing  the  strata  passed  through. 

General  list  of  bench-marks  between  Hartford  and  Holyoke. 

List  of  high- water  marks  between  Hartford  and  Holyoke. 

24i: 
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Table  showing  heights  of  freshets  in  the  Connecticut  River  above  low-vBOier  at  Hartford, 


Date. 

^1 

■**  & 

go 

Date. 

^1 

MO 

Freshet  of  1801 

Feet. 
27.60 
2&33 
27.17 
19.50 
19.00 
19.00 
18.75 
151.00 
15.50 
17.50 
20.75 
14.50 
23.12 
16.00 
20.50 
29.83 
15.00 
1&25 
23.33 
19.50 
18.25 
12.25 
26.42 
16.00 
21.50 

Freshet  of  AnriL  1862      

Feet, 
28.67 

Freshet  of  1841 

Fieshet  of  November,  1882 

15.50 

Freshet  of  1843 

Freshet  of  Mav.  1863 

15.00 

Freshet  of  December,  1844 

Freshetof  AnriL  1864 

17  25 

Freshet  of  February,  1845 

Freshet  of  March.  1865 

24.75 

Freshet  of  April,  1M5 

Freshet  of  May,  1865 

laoo 

Freshet  of  March,  1 846 

Freshet  of  February,  1866 

20.50 

Freshet  of  April,  1847 

Freshet  of  April,  1866 

13.83 

Freshet  of  Jannarv,  1848 

Freshet  of  February,  1867 

17.17 

Freshet  of  Novem  oer,  1849 

Freshet  of  April,  1867 

20  00 

Fivuhpt  of  Mfty,  IRSn                   

Freshet  of  August,  1867 

1&17 

Freshet  of  Jannarv,  1851 

Freshet  of  March.  1868 

21  50 

Freshet  of  ApriL  1852 

Freshet  of  April,  1869 

26.67 

Freshet  of  May,  1853 

Freshet  of  October,  1869 

26.25 

Freshet  of  November,  1858 

Freshet  of  February,  1870. . 

21  25 

Freshet  of  May,  1854 

Freshet  of  April,  lOTO 

25.33 

Freshet  of  January,  1855 

Freshet  of  March,  1871 

16.50 

Freshet  of  April,  186« 

Freshet  of  May,  1871 

18  67 

Freshet  of  August,  1856 

Freshet  of  April,  1872 

19.73 

Freshet  of  February,  1857 

Freshet  of  June,  1872 

15.17 

Freshet  of  October,  1857 

Freshet  of  August,  1872             ... 

12  25 

Freshet  of  March,  1858 

Freshet  of  November,  1872 

13.00 

Freshet  of  March,  1859 

Freshet  of  April,  1873 

20  96 

Frenbet  of  March,  18fla 

Freshet  of  October,  1873 !. 

15.58 

Freshet  of  April,  1861 

Freshet  of  Januarv.  1874 

23.87 

x«»   ctuxu^iunr^,  xoi. 

Table  of  borings  in  river-bed  between  Hartford  and  Holyohe. 


I 
I 


Material  passed  through. 


11 


i 
I 


Material  iMissed  through. 


/      // 

/ 

// 

23    0 

23 

0 

9    2 

32 

2 

7  10 

40 

0 

6    6 

46 

6 

3    0 

49 

6 

Boring  No.  1,  opposite  State  etreet,  Hartford, 


Sandy  loom. 
Bed  clay  and  sand. 
Red  clay. 

Red  clay  and  sandy  loam. 
Red  clay  and  graveL 
Struck  a  root  or  log. 

Boring  No,  2,  eaet  tide  qf  river,  0.63  mOe  above 
Hartford, 

Sandy  loam. 
Sand  and  clay. 
Hard  sand. 
Quicksand. 

Quicksand  and  red  clay. 
Red  clay  and  graveL 
Hard  red  marl,  which  prevented  boring. 

Boring  No.  8,  east  tide  qf  river,  1.66  fniUe  above 
Hartford. 


14    0 

14 

0 

4    2 

18 

2 

0  10 

19 

0 

10    9 

29 

9 

17    9 

47 

6 

3    0 

50 

6 

4 

5 

11 

3 

8 

28 

16 

23 


4 

10 

21 

24 

27 

50 

66 

90 

Sandy  loam. 
Sand  and  hard  clay. 
Soft  wet  sand. 
Blue  sand  and  clay. 
Coarse  sand. 
Coarse  sand  and  clay. 
Clay  and  fine  sand. 
Clay  and  coarse  sand. 


Boring  No.  4,  toest  Hde  of  rio<r,  2.39  milee  cibove 
Harford. 


Sandy  loam. 
Blue  sand  and  loam. 
Sand  and  graveL 
Clav  and  graveL 
Red  clay. 
Yellow  sand. 
Red  marl  and  graveL 
Hard;  probably  rock. 

Boring  No.  5,  west  Hde  qf  river,  3.37  mUee  above 
Hartford. 


1     It 

/ 

// 

29    0 

29 

I    9 

30 

8    0 

38 

5    3 

44 

36    0 

80 

42    6 

122 

0  10 

123 

4    2 
4    8 

8    0 

0    5 

4    8 

Rock. 


4    2 

8  10 

16  10 

17    3 

2111 

Sandy  loam. 
Clay  and  sand. 
Sand  and  mud. 
Sand  and  graveL 
Rod  day  and  gravel. 


Boring  No.  6,  toeet  tide  of  river,  4.48  mUet  above 
Hartford, 


Sand  filled  the  hole  as  fiist  as  bored. 


2  0 

2  6 

2  6 

1  2 

25  2 

1  4 
Rock. 


2 

0 

4 

6 

7 

0 

8 

2 

33 

4 

34 

8 

Dark  loam. 

Sand  and  clay. 

Red  gravel  and  shelly  rock. 

Hard  red  clay. 

Soft  red  clay. 

Red  clay  and  gravel. 
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Table  of  baringB  in  river-bed  between  Hartford  and  Holyoke—Coniisined. 


I 


Material  passed  thnragh. 


Boring  Ko.  7,  wett  tide  qf  fimr^  5.24  miUa  olbwt 


10  8 
8  0 
1    0 

25  8 
S  10 
Bock. 


10 

8 

19 

5 

21 

2 

46 

6 

53 

a 

Sandy  loam. 
Yellow  mud. 
Gray  sand. 
Yellow  sand. 
RedgraveL 


Boring  Ko.  8,  lOMt  tidt  of  river,  8.27  mUea  above 
Hartford, 


2  10  I 


17 
8 
6 
4 
2 

33 
2 
4 


2  10  I  Sandy  loam. 
20    1     River  aand. 

Shelly  rock  and  gravel. 

Sand  and  sraveL 

River  sand. 

Red  clay  and  gravel 

Red  clay. 

Red  clay  and  gravel 

Red  sand. 


Hole  flUed  up  as  fost  as  bored. 

Boring  No.  0,  eatt  tide  of  river,  7.28  mOet  above 
Kartford. 

12    7  1    12    1  '  Coarse  sand. 
0    8  i    13    3  I  Sand  and  gravel. 
Rock. 


Baring  No,  10,  wett  tide  qf  river,  9.l8jniiet  above 
Harford. 


t  6 
8  10 
10  2 
2  0 
2  0 
1  1 
Rock. 


2 

6 

6 

4 

16 

6 

18 

6 

20 

6 

,    21 

7 

Dark  loam. 

Yellow  loam. 

Yellow  loam  and  day. . 

Blue  clay. 

Sand  ana  craveL 

Shelly  rock. 


Boring  No,  11,  wett  tide  qf  river,  &93  miiet  above 
Harford. 

8    1  I  8  11  Sandy  loam. 

7  11  11  0    Coarse  sand  and  loam. 

0    7  .  11  7  I  Gravel  and  sand. 
Bock. 


Boring  No.  12,  wett  tide  of  ri9er,\9M 
Hartford. 


mdet  above 


6    6 
8    4 
0    6 
Bock. 


6    6  I  Sandy  loam. 

9  10    Gray  sand. 

10    4  I  Red  gravel 


II 


I 

I 


Material  passed  through. 


Boring  No.  13,  wett  tide  cf  river,  10.49  mitet  above 
Hartford. 


4    9 
14    7 

0  8 

1  4 
Bock: 


4  9  I  Yellow  sandy  loam. 

19  4     Gray  sand  and  loam. 

20  0     River  sand. 

21  4  I  Gravel  and  shelly  rock. 


Boring  No.  14,  toett  tide  qf  river,  10.85  miiet  above 
Hartford. 

5    4  1      6    4  1  Sandy  loam. 
11    0  I    16   4  I  Red  clay  and  gravel 
Boring  stopped;  probably  rock. 

Boring  No.  15,  eatt  tide  qf  river,  18.89  miiet  above 
Hartford. 


1    6 
5    3 
7    5 
Rock. 


1  6 
6  9 
14    2 


Dark  loam. 

Clay  and  fine  sand. 

Red  clay  and  gravel 


Boring  No.  16,  eatt  tide  of  river,  19.54  miiet  above 
Wartford. 


5  0 

6  11 
3  10 

14    1 


5  0 
11  11 
15  9 
29  10 


Dark  loam. 
Yellow  and  i 


ay  sand. 


Yellow  and  blue 
River  sand  and  gravel. 


Sand  filled  the  hole  as  fast  as  bored. 

Boring  No.  17,  eatt  tide  qf  river,  20.61  miiet  above 
Hartford. 


9  10 

6    8 

1  10 

45  11 

3  10 
15  11 
13    0 

4  4 


9  10 
16    6 


18 
64 
68 
84 
97 
101 


Yellow  loam. 
Yellow  sand. 
River  sand. 
Sand  and  gravel 
Fine  sand  and  clay- 
Coarse  gravel  and  sand. 
Sand  and  gravel. 
Fine  sand. 


Auger  lost  in  hole. 

Boring  No.  18,  eatt  tide  qf  river,  24.96  miiet  above 
Hartford. 


Sandy  loam. 
River  uid  blue  sand. 
Coarse  gravel  and  sand. 
Gravel  and  river  sand. 


9  0  9  0 
25    6  34  6 

10  85  6 
14    9  50  8 

Rock. 

Boring  Ifo.  19,  eatt  tide  of  river,  28.60  miiet  above 
Hartford. 


4    6i 
12  11 
27    7  i 

2    6  I 


4  6 

17  5 

45  0 

47  6 


Anger  lo4t  in  hole. 


Sandy  loam. 
Loam  and  gray  sand. 
Fine  river  sand. 
Gravel  and  sand. 


List  of  bench-marks  between  Hartford  and  Holyoke, 

Feet 

Low- water  mark  at  Hartford,  or  0  of  the  gauge  at  the  toll-bridge 000 . 

Top  of  freestone  foiuidation  at  the  northeast  comer  of  house  on  the  southwest 
comer  of  Warwarme  avenue  and  Van  Dyke  avenue,  Hartford 31. 540 

Cut  on  the  west  side  of  an  elm  tree,  near  the  northwest  comer  of  Deming's 
coIJar-shop,  in  East  Hartford 32.613 

Cut  on  the  west  side  of  a  douhle  apple-tree,  90  feet  south  of  the  southeast  cor- 
ner of  old  poudrette  factory,  and  640  feet  east  of  main  road  in  East  Hart- 
ford     34.991 
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Feet 

Cut  on  Routh  side  of  black -oak  Htiinip,  200  feet  northwest  x)f  the  northwest  cor- 
ner of  the  bani  in  John  Whalen's  lot,  East  Hartford 31. 943 

Cut  on  maple  tree,  1,*270  feet  west  of  south  west  comer  of  a  road  to  the  mead- 
ows, said  corner  being  about  2,650  feet  north  of  Podunk  River  bridge,  ou 
main  road  in  South  Windsor 34. 055 

Cut  on  south  side  of  maple  tree,  520  feet  west  of  the  main  roa<l,  and  1,230  feet 
south  of  Stoughtou's  Brook  in  John  Moore's  lot.  South  Windsor 23. 344 

Cut  ou  ea«t  side  of  locust  tree,  on  the  north  side  of  road  to  BisselPs  ferry,  and 
510  feet  west  of  nuiin  niad  in  South  Windsor 65. 840 

Cut  and  spike  on  north  side  of  northerly  pine  tree,  about  60  feet  northwest 
from  town-house  at  Bissell's  ferry 28. 310 

Cut  cm  the  south  side  of  hickory  tree,  210  feet  northwest  of  the  northwest  cor- 
ner of  tobacco-shed  in  Charles  Well's  lot.  East  Windsor 50. 704 

Cut  on  the  northwest  side  of  a  large  hickory  tree,  about  900  feet  northeast  of 

tlie  mouth  and  100  feet  west  of  Prioi-*8  Creek,  Esist  Windsor 27. 152 

Northea^st  comer  of  under])inning  stone  at  the  northeast  comer  of  red  tobacco- 
shed  beUinging  to  J.  C.  Ba«senger,  on  west  side  of  river  road  at  Warehcmsc 
Point 29.810 

To])  of  southwest  comer  of  abutment  of  New  York,  New  Haven  and  Hartford 
Railroad  bridge  at  Warehouse  point 61. 900 

Top  of  southeast  corner  of  abutment  of  New  York,  New  Haven  and  Hartford 
Railroad  bridge  at  Windsor  Locks  61. 750 

Top  of  northeast  comer  of  north  end  of  capping  to  ea«t  wall  of  brick  arch 
bridge,  over  second  road  south  of  Thompsonvillt'  station,  on  New  York,  New 
Haven  and  Hartfonl  Railroad,  being  about  300  feet  south  of  the  southwest 
comer  of  said  station 7o.663 

Southwest  corner  of  stone  in  top  course  of  w^est  wall  of  the  second  cnlvert 
north  of  Thompsonville  station,-  and  first  wmth  of  Longmeadow  station     .      56. 408 

Top  of  black  brick  in  the  middle  of  the  top  of  south  arch  of  culvert  under 
road  from  the  village  to  Longmeadow  station,  about  IHO  feet  east  of  rail- 
road track 55. 022 

Apex  of  cap-stone  to  third  post  in  wall  north  granite  post  marking  boun<l- 
ary  between  Springfield  and  Longmeadow,  at  Pecowsic   68. 104 

To^)*of  southwest  comer  of  stone  in  toj)  course  of  brick  arch  bridge  on  west 
side  of  railroad,  marked  with  two  cuts  and  also  A  $4  .  First  bridge  north 
of  Pecowsic 63.231 

Soutlu'ast  comer  of  toj)  stone  in  upper  course  of  east  wall  of  culvert  at  the 
foot  of  Elm  street  in  Springfield,  about  15  feet  northwest  of  Gas  Company's 
building 1.,     61.786 

Northwest  comer  of  stone  underjiinning  of  south  side  of  south  door  in  west 

end  of  passenger  station  in  Springfield,  Mass 71. 337 

Southeast  corner  of  south  end  of  top  course  of  stone  in  culvert  under  niilroad, 
fii-st  north  of  Hampden  Park,  and  about  400  feet  south  of  first  mile-stone  on 
*    east  si<h'  of  C(mnecticut  River  Railroad 60. 617 

Northeast  comer  of  to])  stone  of  south  wall  of  first  culvert  north  of  first  cmss- 
road,  north  of  st»cond  mile-stone  from  Springfield,  on  east  side  of  Connecti- 
cut River  Railroad 67.130 

North  comer  of  fourth  mile-stone  from  Springfield,  on  Connecticut  River  Rail- 
road       67.639 

North  corner  of  sixth  mile-stone  from  Springfield,  on  Connecticut  River  Rail- 
road      70.287 

Southwest  comer  of  south  abutment  of  Coimecticut  River  Railroad  bridge  at 
Willimansett,  Mass.     St<me  is  in  foot-bridge 78. 190 

Point  marked  with  white  ])aint  and  "110"  on  southeast  corner  of  foundation 
to  south  side  of  pump-house,  near  Holyoke  dam,  at  the  head  of  a  fiight  of 
stone  steps 107.975 

Table  of  high-water  markt. 

Low  water  at  Hartfonl  .00 

1854— High  water  at  Hartford...   29.83 

1854 — High-water  mark,  an  iron  pin  in  north  side  of  maple  tree  about  6(M)  feet 

west  of  main  road,  near  S.  B.  Newburry's  house.  South  Windsor 21. 00 

1854 — High- water  mark  b^y  Mrs.  Craw,  in  house  now  oi^iied  by  Mrs.  Ellen 

Blodgett,  near  Bissell's  ferry,  South  Windsor 32. 56 

1854 — High-water  mark  at  foot  of  canal,  Windsor  Locks 32. 82 

1854 — High-water  mark  by  Mr.  Seymour  King,  on  sill  of  front  door  of  his 

house,  Windsor  Locks 33.31 

1854 — ^High-water  mark  made  by  Mr.  Levi  Palmer  in  his  bam,  at  Warehouse 

Point 32.73 
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Feet. 
1857 — HiirH-wat^r  mark  made  bv  Mr.  Levi  Palmer  in  bis  barn,  at  Warehouse 

Point 33.18 

1854 — Hi^b-water  mark  made  by  Mr.  Levi  Palmer  in  biH  wo<KlHlied,  at  Ware- 
bouse  Point 32.82 

1H55 — Hijifb-water  mark  nmde  bv  Mr.  Havden  at  tbe  silk-factory,  Windsor 

L«KkH    '. 1 32.71 

1854 — llij;b- water  mark  at  same  place 32. 62 

1857 — Hij;b-water  luark  at  saiue  place 32. 96 

1857 — Hi;u:b-water  mark  at  same  place 32. 87 

1862 — lli;;b-water  mark  at  same  place 31. 62 

1869 — Hi<^b-water  mark  at  same  Jilace 31. 66 

1870 — Hi^b-water,nuirk  on  shed,  by  Mrs.  Conroy,  Windsor  LiK'ks 31.42 

1854 — lli;;b-water  mark  shown  by  Mrs.  Georj^e  Miller,  on  step  of  bouse,  Ware- 
house Point 32.38 

1854 — IIi«;b-watcr  mark  on  outbuilding,  by  Geor«j^e  Gleason,  Warehouse  Point.       32.  ()6 

1854 — lii^h-water  mark  shown  by  J.  )Scha»uansf;ml)er,  Warehouse  Point 32. 88 

1854 — llij^b-wattT  mark  by  Mr.  Douglass,  on  house  south  of  feiTy-«lii»,  Wind- 
sor Locks    30. 55 

1854 — Hijifb-water  mark  in  bar-room  of  American  House,  Warehouse  Point.. .       32. 92 

1869 — Hi^li-water  mark  shown  by  Mrs.  Finkeldey,  Warehouse  Poiut 31. 12 

1871 — Hi^b-water  mark  shown  by  Mrs.  Finkeldey,  Wareh«nise  Point  30.  84 

1854 — Hi^b-water  mark   by  Mr.  Bexton,  on  seventh  i»ier  of  railmad-bridge, 

Warehouse  Point , :)2. 12 

1854 — Hi^fb-water  mark  on  stone  near  Mr.  Fowler's  house,  Windsor  Locks 2. 

1854, 1857 — Hijjh-water  marks  by  3Ir.  Hemingway,  on  Powder  Company's 
building,  Entield.     It  is  sup^HmiMl  the  shed  has  settled  about  one  inch, 

HO  as  to  make  the  two  marks  agree 41.  45 

1854 — ^High- water  mark  shown  by  Mr.  iSullivan,  on  gate  of  north  h)ck  of  canal, 

Sheffield \ 49.41 

1854 — High-watermark  shown  by  George  Douglass,  on  upiM»r  one  of  four  spikes 
on  south  side  of  elmtT«»e,  on  south  bank  of  first  bnM)ks(uith  of  Thomp- 
son ville  Ferry,  on  west  bank  of  Conne<'ticut  Kiver   54. 16 

1854 — High-water  mark,  top  of  third  brick  fircmi  north  end  in  top  course  on  the 
west  side  of  brick  cidvert  over  brcwk  from  factories  in  Thom])8on ville, 
between  the  brick-arched  bridges  over  roads  just  south  of  Thomiwon- 

villestation 55.61 

1854 — High- water  mark  on  northeast  comer  of  top  brownstone  post,  comer  of 
York  and  South  Main  streets,  Springfield,  on  line  with  York-street 
fence  of  Mr.  Call's  estate,  and  about  3  feet  irom  in»u  lamp-post  on  said 
comer.  The  iwst  is  now  6  inches  under  ground  at  edge  of  brick  side- 
walk          59.69 

1854 — High-water  mark  on  the  horizontal  line  of  a  cross-cut  in  the  south  side 
of  top  stone  on  the  southwest  comer  of  old  east  abutment  of  carriage 

bri<lge,  Springfield,  marked  on  next  stone  ejist  *'  1854  tlood  " 59. 91 

1854 — High-water  mark  on  top  of  east  end  of  back  board  to  top  stej*  to  base- 
ment, at  the  north  end  of  P.  Harrington's  house,  at  the  foot  of  Union 
street,    south   side,  between   the   railroad   and   Connecticut   River, 

Springfield. 60.52 

1862 — High- water  mark  with  red  i)aiut,  <m  uorthwest  corner  of  easterly  abut- 
ment of  railroad-bridge,  Springfield , 60.  36 

1869— High- water  mark  same  ])lace  as  above 58. 75 

1854 — High- water  mark  on  meresttnie  on  west  side  of  Main  street,  at  northeast 

comer  of  fence  north  of  Mr.  Sike's  house,  West  Springfield 61. 29 

1854 — High-wat€T  mark  on  right  outer  comer  of  diMir-sill  on  the  west  side  of 

Miw.  Iieel»e's  house,  ou  east  side  of  Main  street,  West  Springfield 61. 39 

1854 — High-water  mark  on  centre  of  front  edge  of  top  step  of  Dr.  H.  C.  Bel- 

dcn's  b<m«e,  Wwt  Springfield 63.10 

1854— High- water  mark  on  stone  at  foot  of  Westfield  street,  West  Springfield.       63. 21 

1H43—  High- water  mark  on  stone  mentioned  above 61. 50 

1804 — High-water  mark  on  stone  m<»ntioned  above 62. 04 

1854 — High- water  mark  on  south  side  of  svcamore  tree  at  south  end  of  shed, 

north  of  Ri verdale  Mill,  West  Si)ringfield  63. 88 

1862 — High-water  mark  on  njiil  in  s«mth  side  of  brick  foundation  of  R.  A. 
Bagg*s  house,  1,000  feet  south  of  cross-roads,  on  east  side  of  Main  stn'et. 

West  Springfield 62.96 

1854 — ^High-water  nmrk  on  centre  of  white-paint  mark  on  south  side  of  fii-st 

pier  on  east  side  of  Cabot  bridge,  ChicojH'e 62. 99 

1862 — High- water  mark  same  plaee  as  ai)ovo 63. 28 

1862 — High- water  mark  on  uorthwest  comer  of  brick  foundation  at  Ames's 

Works,  Chicopee 63.46 
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Feet. 

1854 — ^High-water  mark  14  inches  above  floor  of  room  in  house,  formerly  a 
saw-mill,  adjoining  grist-mill  of  R.  Brock  on  south  end.  The  second 
building  from  Wilnraansett  station  on  east  side  of  road  fh)m  station 
to  South  Hadley  Falls,  shown  by  R,  Brock,  who  has  lived  here  forty* 
two  years 67.21 

1869 — ^High-water  mark,  upper  notch  of  two  notches  cut  in  comer  of  board 
partition  of  office,  in  northeast  comer  of  Brierly  &  Allen's  Brewery, 
the  third,  building  on  east  side  of  road  fkxim  Willimansett  station  on 
road  to  South  Hadley  Falls 66.13 

1868 — ^High-water  mark  is  the  lower  of  the  above-mentioned  notches 65. 21 

1862 — High-water  mark  painted  black  on  northwest  comer  of  brick  store- 
house next  west  of  gasometer  belonging  to  the  Glascow  Thread  Com- 
pany, and  shown  by  B.  Hadley,  who  marked  it ;  he  says  the  high 
water  of  1854  was  18  inches  below  that  of  1862.  Mr.  Gaylord,  of  South 
Hadley  Falls,  says  the  same 70.55 

1862 — High-water  mark  inside  of  gate-house  of  Holyoke  Dam,  top  of  second 
casting  from  end  of  house  nearest  end  of  dam  supporting  gearing  for 
raising  first  gate,  shown  by  M.  O'Donald,  employed  by  the  Holyoke 
Wat«r-Power  Company  in  1862 110.60 

List  of  maps,  drawings f  ^c,  aeoompanying  the  report. 

1.  Map  of  the  Connecticut  River  from  Hartford  to  Holyoke  in  six  sheets. 

2.  Diagram  of  borings  in  the  bed  of  the  river. 

3.  Profile  of  the  Connecticut  River  from  Hartford  to  Holyoke,  showing  high  and 
low  water. 

4.  Diagram  showing  the  cross-sections  of  the  river  at  Thompsonville. 

5.  Three  sheets  of  <&awing  of  apparatus  used  in  gauging. 

6.  Three  sheets  of  plotted  current-velocities  taken  at  Thompsonville. 

7.  Diagram  of  mean  vertical  curves  of  current-velocities  at  Thompsonville. 

8.  Diagram  showing  the  height  of  river  at  Hartford  from  February  1  to  December 
31,  18ri. 

9.  Diagram  showing  the  height  of  river  at  Hartford  from  January  1  to  December 
31,  1872. 

10.  Diagram  showing  the  height  of  river  at  Hartford  from  January  1  to  December 
31,  1873. 

11.  Diagram  showing  the  height  of  river  at  Hartford  from  January  I  to  December 
31,  1874.         J 

12.  Tracing  for  the  purpose  of  placing  the  lines  of  ganging  at  Thompsonville  upon 
the  map  transmitted  with  the  first  part  of  this  report. 

13.  Three  field-books  are  also  transmitted,  containing  the  notes  of  the  levels,  sound- 
ings, current-observations,  and  heights  of  water,  taken  at  Thompsonville  in  1874. 

14.  Diagram  showing  curve  formed  by  using  the  computed  volumes  at  Thompson- 
ville as  abscissas  and  the  height  of  the  water  as  ordinates. 

15.  Digram  showing  two  curves,  both  having  the  dates  as  abscissas,  with  the  vol- 
umes as  tne  co-ordinates  of  one  curve,  and  heignt  of  the  river  as  the  ordinate  of  the 
other. 

DESCBIPnOX  OF  FIGURES  IN  DIAGRAM  OF  VERTICAL  CURVES  OF  CURRENT-VELOCITIES 

AT  THOMPSONVILLE,  CONN. 

Means  obtained  by  computation. 

Fig.  1.  Mean  of  met^r-observations  below  average  velocity  of  1.86. 

Fig.  2.  Mean  of  float-observations  below  average  velocity  of  1.86. 

Fig.  3.  Mean  of  all  observations  below  average  velocity  of  1.86. 

Fig.  4.  Mean  of  meter-observations  above  average  velocity  of  1.86. 

Fig.  5.  Mean  of  float-observations  above  average  velocity  of  1.86. 

Fig.  6.  Mean  of  all  observations  above  average  velocity  of  1.86. 

Fig.  7.  Mean  of  all  meter-observations. 

Fig.  8.  Mean  of  all  float-observations. 

Fig.  9.  Mean  of  all  meter  and  float  observations. 

Fig.  10  is  Fig.  1  reduced  to  average  velocity  1. 

Fig.  11  is  Fig.  2  reduced  to  average  velocity  1. 

Fig.  12  is  Fig.  3  reduced  to  average  velocity  1. 

Fig.  13  is  Fig.  4  reduced  to  average  velocity  1. 

Fig.  14  is  Fig.  5  reduced  to  average  velocity  1. 

Fig.  15  is  Fig.  6  reduced  to  average  velocity  1. 

Fig.  16  is  Fig.  7  reduced  to  average  velocity  1. 

Fig.  17  is  Fig.  8  reduced  to  average  velocity  1. 

Fig.  18  is  Fig,  9  reduced  to  average  velocity  1. 
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MeanB  obUiined  hy  graphic  methods. 

Fig.  19L  Mean  c«rv^  by  meter  No.  1  on  section  at  F,  mean  velocity  being  1. 
Fig.  20.  Mean  enrve  by  meter  No.  1  on  section  at  G,  mean  velocity  being  1. 
Fig.  21.  Mean  curve  by  meter  No.  2  on  section  at  G,  mean  velocity  being  1. 
Fig.  22.  Mean  curve  by  meter  No.  1  on  section  at  B,  mean  velocity  being  1. 
Fig.  23.  Mean  curve  by  meter  No.  1  on  section  at  C,  mean  velocity  being  1. 
Fig.  24.  Grand  mean  of  meter-observations,  mean  velocity  bein^  i. 
Fig.  25.  Mean  curve  by  floats  on  section  at  F,  mean  velocity  benig  1. 
Fig.  26.  Mean  curve  by  floats  on  section  at  G,  mean  velocity  being  1. 
Fig.  27.  Grand  mean  of  float-observations,  mean  velocity  being  1. 
All  of  which  is  respectfully  submitted. 

Thbo.  G.  EluSj 

CUnl  Engineer, 
Gen.  G.  K.  Wakren, 

Major  of  Engineers,  U,  S,  A, 

The  maps  and  drawings  submitted  with  the  foregoing  report  are  mostly  upon  a  large 
scale,  unsuitable  for  printing.  They  have  been,  therefore,  somewhat  modified  and 
reduced  in  size,  to  enable  them  to  be  shown  in  the  accompanying  plates. 

Of  the  maps  and  diagrams  named  in  the  foregoing  list — 

No.  1  is  reduced  to  about  one-third  oef  the  original  scale,  and  the  six  sheets  are  shown 
in  plates  Nos.  I,  II,  and  III. 

No.  2,  reduced  in  size,  is  shown  in  Plate  IV. 

No.  3,  reduced  in  scale,  is  shown  in  Plate  V. 

No.  4,  reduced  in  scale,  is  shown  in  Plate  VI. 

Nu.  5  is  shown  in  Plate  VII. 

No.  6  is  omitted  from  the  ])lates,  as  the  ordinates  of  the  carrent  velocities  are  given 
in  the  tables,  and  can  be  easily  plotted  if  desired. 

No.  7  is  shown  in  Plate  VI. 

No.  8  is  shown  to  a  reduced  scale  in  Plate  VIII. 

No.  9  is  shown  to  a  reduced  scale  in  Plate  IX. 

No.  10  is  shown  to  a  reduced  scale  in  Plate  X. 

No.  11  is  shown  t4>  a  reduced  scale  in  Plate  XI.' 

No.  12  is  placed  upon  the  general  map,  Plates  I,  II,  and  IIL 

No.  13.  These  books  are  too  voluminous  to  be  roprodnoed. 

No.  14  is  shown  in  Plate  XIII. 

No.  15  is  shown  in  Plate  XIII. 

The  description  given  for  the  dia^i^ram  of  vertical  carves  of  current  velocities  at 
ThompsonviUe  applies  to  the  figures  m  Plate  VI. 

ADDmOXAL  TABLES  OF  HEIGHT  AND  DISCHARGE. 

The  observations  of  the  height  of  the  river  have  been  continued  during  the  year 
since  the  foregoing  report  was  made,  and  the  following  supplementary  tables  have 
been  prepared,  bringing  the  record  of  the  dischar^^e  of  tfe  river  up  to  January  1,  1876. 

During  the  years  1871  to  1874,  inclusive,  the  height  of  the  water  was  taken  daily  by 
uieans  oi  a  gauge  at  the  toll-bridge  from  Hartford  to  East  Hartford.  The  bridge  com^ 
pany^s  gauge  was  upon  the  toll-house,  and  extended  from  11  to  30  feet  in  height.  The 
zero  of  this  gauge,  or  12  feet  below  the  12-foot  mark,  was  taken  as  low-water  and  the 
base  for  the  levels.  A  gauffe  from  0  to  12  feet  wiw  placed  upon  the  fiist  V^^h  opposite 
the  bridge-gauge,  and  all  neights  below  12  feet  were  read  upon  it.  Sometimes  in 
winter  it  would  be  incased  in  ice,  and,  being  in  an  exposed  position,  it  was  several 
times  carried  away  by  floatuig  ice,  but  was  carefully  replaced  at  the  same  level.  At 
such  times  the  readings  below  11  feet  were  taken  by  a  gauge  upon  a  pile  at  the  steam- 
boat-dock near  the  foot  of  State  street,  which  was  compared  by  levels  with  the  toll- 
bridge  gauge. 

These  levels  were  as  follows  : 

Eleven-foot  mark  on  gauge  on  pile  at  steamboat-dock — 

By  Mr.  Gelette,  in  April,  1^1 : 11.191 

By  Mr.  Burdett,  in  March,  1874 11.205 

By  Mr.  Curtis,  in  December,  1874 11.194 

The  distance  between  the  two  gauges  is  about  1,750  feet. 

At  the  beginning  of  the  year  1875  the  gauge  upon  the  pier  was  covered  with  ice,  and 
in  the  spring  it  was  carried  away,  so  that  the  readings  below  11  feet  were  taken  at 
the  8teanilH)at-dock  gauge  up  to  August  10.  The  gauge  upon  the  toll-house  belonging 
to  the  bridge  company  having  been  taken  down,  painted,  cut  in  two,  and  replaced  in 
a  slightly  different  ^losition,  it  was  determined  to  set  a  new  ^auge  at  the  steamboat- 
dock  corresponding  to  the  exact  zero  of  the  previous  observations.  This  was  done  on 
August  10,  a  new  gauge,  consisting  of  three  10-foot  lengths,  being  set  up  in  the  fol- 
lowing manner :  The  first  10  feet  was  placed  upon  a  pile  at  the  noith  end  of  the  steam- 
boat-wharf, in  a  sheltered  position  wnero  the  next  wharf  above  projects,  so  that  the 
gauge  Daces  downstream.    The  second  10  feet  was  placed  upon  a  tall  clump  of  piles 
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ea«t  of  tlie  steamboat  store-house,  and  the  upper  10  feet  was  spiked  to  the  north  side 
of  tlie  store-house  itself. 

The  height  of  these  gauges  and  the  fonner  one  at  the  bridge  is  referred  to  the  fol- 
h)wing  l)ench-mark8,  so  that  either  couhl  be  readilv  replaeed  at  the  same  height : 

Toj)  of  an  iron  eyebolt  h't  into  the  masonry  of  the  northeast  comer  pier  of  the 
steamboat  store-house  ;  height  above  zero,  14.liS0  feet. 

Southeast  corner  of  stone  door-sill  on  south  side  of  soap-factory  building,  No.  82 
Morgan  street ;  height  above  zero,  26.555  feet. 

Since  August  10  the  readings  have  all  been  taken  upon  the  new  gauge  at  the  steam- 
boat-wharri 

Table  shoieing  the  daily  discharge  and  height  of  the  Connecticut  Biver  at  Hartford  from 
January  1  to  December  31,  1875. 


I>at€>. 

Height, 

Millions  of 

1     Date. 

Hei*;ht, 

MUlionsof 

Bate. 

Heiglit, 

MilliouH  of 

feet. 

cubic  feet. 

feet. 

cubic  feet. 

feet. 

cubic  feet. 

1875. 

1875. 

1875. 

Jan.         1 

2.01 

562 

,  Mar.      1 

7.99 

2,300 

May      1 

10.91 

3,564 

2 

2.07 

569 

2 

7.59 

2,129 

2 

10.80 

3,542 

& 

1.74 

542 

3 

6.77 

1,824 

3 

12.20 

4.153 

4 

2.07 

569 

4 

6.52 

1.728 

4 

13.42 

4.741 

5 

2.53 

649 

5 

5.72 

1.447 

5 

12.57 

4,341 

6 

2.05 

567 

6 

5.50 

1, 374 

6 

11.22 

3,720 

7 

2.13 

575 

7 

6.08 

1,588 

7 

10.82 

3,539 

8 

2.29 

608 

8 

5.23 

1.284 

8 

12.96 

4.  .534 

9 

2.24 

602 

9 

5.00 

1,218 

9 

13.21 

4,641 

10 

1.23 

495 

10 

4.80 

1,160 

10 

12.52 

4,330 

11 

1.23 

495 

11 

4.80 

1,160 

11 

13.11 

4,568 

12 

1.35 

507 

12 

4.44 

1. 058 

12 

13.87 

4,978 

13 

1.87 

549 

13 

4.49 

1.070 

13 

14.01 

5. 026 

U 

2.02 

563 

14 

4.  55 

i.oa^i 

14 

14.  21 

5,143 

15 

1.17 

489 

:                15 

4.62 

1.103 

15 

14.23 

5,145 

16 

1.34 

502 

16 

5.63 

1.417 

16 

13.78 

4,896 

17 

1.41 

510 

17 

7.28 

2.003 

17 

13.24 

4,678 

18 

1.84 

551 

18 

8.21 

2,392 

18 

12. 19 

4.165 

19 

2.16 

590 

1» 

8.39 

2,465 

19 

11.08 

3.6.5;j 

20 

2.09 

579 

i               20 

7.94 

2,280 

20 

9.90 

3,090 

21 

1.89 

557 

21 

7.21 

1,975 

21 

9.08 

2.757 

22 

1.88 

554 

22 

6.52 

1.723 

22 

8.74 

2.616 

23 

1.79 

547 

23 

5.92 

1,508 

23 

8.88 

2,673 

24 

1.88 

554 

24 

5.52 

1,377 

24 

8.74 

2,616 

25 

2.01 

562 

25 

5.20 

1,476 

25 

8.46 

2,5WI 

26 

1.84 

551 

26 

4.74 

1.138 

26 

8.51 

2,332 

27 

1.24 

496 

27 

1               28 

4.73 

1,136 

27 

8.06 

2.327 

28 

1.49 

516 

4.96 

1,042 

28 

7.43 

2,oes2 

29 

2.14 

580 

29 

5.57 

1,388 

29 

7.06 

1,92.'» 

30 

1.62 

530 

30 

6.46 

1,698 

30 

6.48 

1,718 

31 

L98 
2.09 

559 

31 
Apr.      1 

7.98 
10.03 

2,486 

31 
June      1 

5.78 
5.30 

1,434 

17,  079 

49,  032 

111,437 

Feb.        1 

570 

3, 175 

1, 3O0 

2 

1.89 

549 

2 

11.60 

3,874 

2 

4.91 

1. 182 

3 

2.19 

583 

1                 3 

13.77 

4,926 

3 

4.61 

1.100 

4 

3.38 

793 

1                 ^ 

15.47 

5,  793 

4 

4.32 

1.030 

5 

3.62 

850 

1                 5 

18.00 

.7,  315 

5 

4.02 

938 

6 

3.48 

821 

1                  6 

18.73 

7,771 

6 

3.71 

869 

T 

8.66 

864 

7 

17.42 

6,937 

1                 7 

3.77 

881 

8 

3.72 

870 

8 

16.04 

6.142 

8 

3.52 

833 

9 

3.76 

874 

.                 » 

14.61 

5.jm 

9 

3.81 

883 

10 
11  . 
12 

3.23 

7r2 

1               1« 

12.99 

4.540 

10 

3.91 

922 

8.55 

834 

11 

13.  75 

4,899 

11 

4.05 

952 

4.03 

950 

12 

16.17 

6,183 

12 

3.95 

925 

13 

3.74 

878 

'               13 

15,  89 

6,040 

13 

3.63 

851 

14 

3.41 

806 

!               14 

13.97 

5.016 

14 

3.41 

801 

15 

2.92 

712 

15 

12. 15 

4,151 

15 

3.10 

740 

16 

2.83 

702 

16 

12.  08 

4.112 

16 

2.99 

725 

17 

2.66 

662 

17 

1.5.  73 

6,013 

17 

2.93 

719 

18 

2.41 

623 

1« 

18.27 

7,497 

18 

3.41 

798 

19 

2.41 

623 

\               18 

17.46 

6,960 

19 

3.26 

771 

20 

2.74 

678 

;                20 

15.08 

5. 562 

20 

6.50 

1,729 

21 

2.46 

629 

!                21 

12.  07 

4,110 

21 

7.91 

2,292 

22 

2.42 

624 

1               22 

10.24 

3,300 

22 

a  71 

2,610 

23 

2.48 

631 

'               23 

9.03 

2, 719 

23 

&66 

2.582 

24 

3.31 

779 

24 

8.63 

2,579 

24 

7.71 

2.179 

25 

6.13 

1.584 

25 

9.56 

2, 9,58 

25 

6.40 

1,680 

26 

8.  45 

2,498 

26 

10.69 

4,472 

26 

5.06 

1.235 

27 

9.01 

2.714 

27 

11.25 

3,7.30 

27 

4.63 

1,10ft 

28 

8.62 

2.550 

I               28 

1L13 

3,685 

28 

4.28 

1,014 

1               29 

11.05 

8.654 

29 

4.16 

975 

80 

ll 

10.95 

3,595 

30 

1 

4.14 

973 

27,023 

146, 049 

35,607 
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Table  showing  daily  discharge  and  heUfkt  of  Conneciieut  River  during  1875,  ^-c. — Continued. 


Date. 

Height, 

Millions  of 

Date. 

Heljrht, 

MillionB  of 

Date. 

Height, 

Millions  of 

feet. 

cubic  feet. 

feet 

cubic  feet 

feet. 

cubic  leet 

1875. 

1875. 

1875. 

July        1 

3.82 

884 

Sept.      1 

2.42 

624 

Nov.      1 

7.56 

2,124 

2 

3.52 

833 

2 

2.42 

624 

2 

8.43 

2,497 

3 

3.48 

821 

3 

2.36 

616 

3 

7.95 

2,296 

4 

3.24 

773 

4 

2.44 

626 

4 

a  95 

1,875 

5 

3.05 

740 

5 

2.01 

562 

5 

5.92 

1,  525 

6 

3.16 

756 

6 

•   1.95 

550 

6 

5.22 

1.  286 

7 

3.71 

869 

7 

1.62 

530 

7 

4.59 

1,091 

8 

4.33 

1, 025 

8 

1.40 

507 

8 

4.10 

964 

9 

3.80 

882 

9 

1.20 

492 

9 

4.05 

954 

10 

4.00 

947 

10 

1.31 

500 

10 

4.08 

960 

11 

3.89 

918 

11 

1.55 

522 

11 

4.94 

1,198 

12 

3.54 

839 

12 

1.87 

549 

12 

5.75 

1,455 

13 

3.51 

830 

13 

1.78 

545 

13 

5.69 

1,432 

14 

3.48 

821 

14 

1.80 

647 

14 

5.41 

1,.344 

15 

3.23 

772 

15 

1.92 

556 

15 

5.  32 

1,311 

16 

3.06 

742 

16 

2.38 

618 

16 

5.50 

1,370 

17 

3.94 

925 

17 

2.43 

626 

17 

5.40 

1,335 

18 

2.82 

686 

1                ^« 

2.56 

652 

18 

5.45 

1,359 

19 

2.49 

632 

'               19 

2.84 

688 

19 

5.22 

1,288 

20 

2.07 

569 

20 

2.  91 

706 

20 

4.90 

1,181 

21 

2.21 

599 

21 

2.56 

651 

21 

4.51 

1,066 

22 

2.79 

682 

1               22 

1.98 

559 

22 

4.22 

1,001 

23 

2.87 

692 

23 

1.90 

552 

23 

4.18 

991 

24 

2.62 

658 

24 

1.96 

557 

24 

3.83 

892 

25 

2.43 

625 

25 

2.01 

562 

25 

3.94 

925 

26 

2.14 

576 

26 

2.03 

563 

26 

4.11 

970 

27 

1.98 

559 

27 

1.96 

557 

27 

4.67 

1,120 

28 

2.03 

564 

28 

2.03 

563 

28 

6.86 

1,838 

29 

2.13 

575 

29 

2,29 

609 

29 

7.39 

2,050 

30 

2.20 

698 

30 

2.54 

649 

30 

5.38 

1,324 

31 

2.21 
2.03 

509 

Oct        1 

2.32 

Dec.       1 

7. 15 

22,991 

.   17,468  j 

41, 022 

Aug.        1 

564~ 

612 

1,971 

2 

2.09 

571 

2 

2.22 

600 

2 

7.03 

1,922 

3 

2.34 

614 

3 

2.63 

659 

3 

&97 

1,885 

4 

2.59 

655 

4 

3.73 

871  i 

4 

a58 

1,748 

5 

a28 

777 

5 

4.03 

950 

5 

6.45 

1,687 

6 

4.20 

985 

6 

3.80 

882 

6 

6.33 

1,671 

7 

4.34 

1, 026 

7 

3.74 

872 

7 

6.20 

1,610 

8 

4.08 

960 

8 

3.18 

751 

8 

6.15 

1,586 

9 

3.45 

812 

9 

3.47 

810 

9 

5.97 

1,526 

10 

3.24 

762 

10 

3.90 

920 

10 

5.58 

1,390 

11 

2.95 

717 

11 

4.37 

1,040 

11 

5.23 

1,  281 

12 

4.63 

1,109 

1               12 

4.39 

1,042 

12 

5.07 

1,  236 

13 

6l83 

1,830 

13 

4.26 

1, 012 

13 

5.67 

1,425 

14 

6.87 

1,495 

14 

4.00 

933 

14 

4.39 

1,042 

15 

5.39 

1,339 

15 

4.17 

977 

15 

3.78 

881 

16 

4.84 

1,162 

16 

4.17 

977  , 

16 

4.20 

988 

17 

4.28 

1,014 

17 

3.82 

884 

17 

4.20 

988 

18 

4.47 

1,068 

18 

4.05 

9.>4 

18 

3.15 

750 

19 

7.78 

2,219 

19 

4.20 

988 

19 

3.08 

742 

20 

8.06 

2,323 

20 

4.17 

981 

20 

3.27 

769 

21 

6.84 

1,831 

t               21 

3.96 

924  , 

21 

3.28 

770 

22 

5.58 

1,394 

22 

3.72 

•870 

22 

3.30 

774 

23 

4.44 

1,058 

1               23 

3.33 

780 

23 

3.75 

878 

24 

3.72 

874 

24 

3.27 

771 

24 

4.85 

1,170 

25 

3.20 

760 

25 

3.32 

782 

25 

6.05 

1,  570 

26 

2.  85 

704 

26 

3.67 

865 

26 

6.70 

1,799 

27 

2.76 

681 

27 

3.28 

772 

27 

6.70 

1,799 

28 

2.88 

708 

28 

3.62 

856  , 

28 

6.72 

1,801 

29 

2.58 

654 

29 

3.76 

880 

29 

7.40 

2,060 

30 

2.54 

650 

30 

4.42 

1,050 

30 

7.36 

2,044 

31 

2.59 

655 

31 

4.69 

1,122 

31 

6.81 

1,820 

31,971 

27,387 

43,583 

Totals  for  the  months  and  year. 


1875. 


January. 
February 
March . . . 
April.... 

May 

Jane 

July 


Cubic  feet. 


1875. 


I     Cubic  feet 


17, 079, 000, 000 
27, 023, 000, 000 
49,  032,  000,  000 
146, 049,  000,  000 
111,  437, 000, 000 
35,  607,  000, 000 
22, 991, 000,  000 


AujpfUHt 

St^pteralMjr 
October  . . . 
November. 
December . 

Total. 


31,971.000,000 
17, 468, 000. 000 
27,  387,  000,  000 
41,022,000,000 
43,  58:{,  000, 000 


570,  649, 000, 000 
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Table  shamng  the  number  of  days  in  1875  that  the  average  far  the  day  at  Hartford  was  above 

a  given  height 


Height. 

No.  of 
days. 

1 

Height 

No.  of 
days. 

Height. 

No.  of 
days. 

Height 

No.  of 
daya. 

JANUABY. 

2  feet  and  over. . 

30 

12  feet  and  over. . 

14 

BBFTBMBKB. 

3  feet  and  over. . 

30 

18  feet  and  over.. 

9 

1  foot  and  over . . 

31 

4  feet  and  over. . 

30 

14  feet  and  over. . 

3 

1  foot  and  over. . 

30 

2  feet  and  over . . 

13 

5  feet  and  over. . 

6  feet  and  over. . 

30 
30 

JUKE. 

2  feet  and  over. . 

16 

FBBBUART. 

1  foot  and  over . . 

2  feet  and  over . . 

28 
27 

7  feet  and  over. . 

8  feet  and  over. . 

9  feet  and  over.. 
10  feet  and  over. . 

30 
30 
20 
27 

1  foot  and  over. . 

2  feet  and  over. . 

3  feet  and  over. . 

4  feet  and  over. . 
6  feet  and  over. . 

6  feet  and  over. . 

7  feet  and  over. . 

8  feet  and  over. . 

80 
30 
28 
17 
7 
5 

OCTOBER. 

1  foot  and  over. . 

2  feet  and  over. . 

31 
31 

3  feet  and  over . . 

4  feet  and  over  . . 

16 
6 

11  feet  and  over- . 

12  feet  and  over.. 

23 
19 

3  feet  and  over. . 

4  feet  and  over. . 

28 
12 

5  feet  and  over.. 

4 

13  feet  and  over. . 

15 

3 
2 

6  feet  and  over . . 

4 

14  feet  and  over.. 

12 

KOVEMBER. 

7  feet  and  over .. 

3  1 

15  feet  and  over. . 

U 

1  foot  and  over. . 

30 

8  feet  and  over  . . 

8| 

16  feet  and  over. . 

7 

JULY. 

2  feet  and  over. . 

30 

9  feet  and  over . . 

1 

17  feet  and  over. . 

5 

3  f(H>t  and  over 

30 

1  foot  and  over  .. 

31 

18  feet  and  over.. 

MAT. 

3 

1  foot  and  over.. 

2  feet  and  over. . 
8  feet  and  over.. 
4  feet  and  over.. 

81 
30 
17 
2 

4  feet  and  over. . 

5  feet  and  over. . 

6  feet  and  over. . 

7  ffM^t.  fl.n<1  nvAr 

28 

17 

6 

4 

2  feet  and  over  . . 

31 

1  foot  and  over. . 

31 

1 

3  feet  and  over  . . 

31 

2  feet  and  over.. 

81 

AUGUST. 

4  feet  and  over . . 

81 

8  feet  and  over. . 

31 

DECBMBEB. 

5  feet  and  over . . 

22 

4  feet  and  over.. 

31 

1  foot  and  over.* 

81 

6  feet  and  over  . . 

13 

5  feet  and  over. . 

31 

2  feet  and  over. . 

81 

1  foot  and  over. . 

31 

7  feet  and  over . . 

8 

6  feet  and  over. . 

30 

8  feet  and  over. . 

20 

2  feet  and  over. . 

31 

8  feet  and  over . . 

2 

7  feet  and  over. . 

29 

4  feet  and  over. . 

15 

3  feet  and  over. . 

31 

1 

6  feet  and  over. . 

27 

5  feet  and  over. . 

7 

4  feet  and  over. . 

24 

APRIL. 

9  feet  and  over. . 

21 

6  feet  and  over. . 

4 

6  feet  and  over. . 

20 

10  feet  and  over. . 

19 

7  feet  and  over. . 

2 

6  feet  and  over. . 

15 

1  foot  and  over . . 

3. 

11  feet  and  over.. 

16 

8  feet  and  over. . 

1 

7  feet  and  over. . 

4 

Totals  for  the  year  from  January  1  to  December  31,  1875. 


Total  for  twelve  months. 

Total  for  twelve  months. 

Total  for  twelve  months. 

Total  for  twelve  months. 

Height 

No.  of 
days. 

Height 

No.  of 
days. 

Height 

No.  of 
days. 

Height 

No.  of 
days. 

1  foot  and  over . . 

2  feet  and  over . . 

3  feet  and  over  . . 

4  feet  and  over  . . 

5  feet  and  over . . 

365 
331 
261 
198 
138 

6  feet  and  over.. 

7  feet  and  over. . 

8  feet  and  over. . 

9  feet  an<l  over. . 
10  feet  and  over. . 

107 
83 
66 
51 
46 

11  feet  and  over. . 

12  feet  and  over. . 

13  feet  and  over. . 

14  feet  and  over. . 

39 
33 
24 
15 

15  feet  and  over. . 

16  feet  and  over. . 

17  feet  and  over. . 

18  foet  and  over. . 

11 
7 
5 
3 

TIDES  AT  HARTFORD. 

In  connection  with  the  observations  of  the  height  of  the  river  by  the  gau^e  at  Hart- 
ford, a  continuons  reading  for  some  months  was  made  with  a  self-registering  tide-gaaffe, 
during  the  summer  of  1^4,  for  the  purjiose  of  obtaining  the  laws  of  the  tides  at  this 
place  during  the  season  of  lowest  water. 

This  gauge  was  set  up  at  the  freight-house  of  the  Hartford,  New  Haven  and  Spring- 
field Railroad,  and  remained  there  during  the  low-water  fix)m  June  to  November.  A 
selection  of  two  full  lunations  was  made,  from  August  27  to  October  25,  when  the  water 
was  lowest,  for  the  purpose  of  determining  the  extent  and  character  of  the  tides ;  and 
a  general  tide-table  has  been  computed  from  the  observed  fluctuations  which  will  apply 
to  the  river  at  its  lowest  stages. 

The  tides  at  Hartford  rapidly  disappear  as  the  river  rises,  although  they  are  percep- 
tible by  the  self-registering  apparatus  up  to  about  eight  feet.  To  ordinary  observar 
tion  they  disappear  at  about  five  feet  above  lowest  water. 

In  the  sunuuer  of  1872,  a  series  of  tide-observations  was  made  at  the  mouth  of  the 
river,  with  a  self-registering  gauge,  from  which  the  laws  of  the  tides  at  that  point  were 
determined  with  greut  accuracy.  They  furnish  the  means  of  comparing  the  tides  at 
Saybrook  and  Hartfoid,  and  showing  their  difference  of  height  and  rate  of  process  up 
the  river,  with  more  than  ordinary  exactness.  A  diagram  (Plate  XIV)  showine  the 
two  lunations  before  mentioned,  has  been  prepared  to  accompany  this  report.    It  shows 
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the  cnrvee  of  the  tides ;  also  the  daily  time  of  the  moon's  southinf^ ;  the  time  of  the 
moon's  changes ;  the  points  of  north,  south,  and  zero  declination ;  and  the  time  of 
perigee  and  apogee ;  all  of  which  has  been  carefully  computed  fh)m  the  American 
Ephemeris  for  the  latitude  and  longitude  of  Hartford.  The  following  table  has  been 
prepared,  showing  the  characteristics  of  the  tides  at  Hartford,  to  which  is  added  such 
particulars  relating  to  the  tides  at  the  mouth  of  the  river  as  will  assist  in  determining 
the  changes  in  the  tidal  wave  as  it  progresses  up  the  river. 


Tide-tahlefor  Hartford, 

Mean  height  of  water  above  zero  of  gauge 2.265  ft. 

Mean  height  of  high-water  above  zero  of  gauge 2.717  ft. 

Mean  height  of  low-water  above  zero  of  gauge 1. 813  ft. 

Highest  water  during  the  observations 3.810  ft. 

Lowest  water  during  the  observations 1.030  ffc. 

Mean  rise  and  fall  of  tide 904  ft. 

Mean  time  of  riseof  tide. •. 3^  51™ 

Me«n  time  of  faU  of  tide 8^  34™ 

Mean  lunitidal  interval     15*»  40"» 

Mean  time  of  passage  of  high- water  from  Say  brook  to  Hartford 5^  16™ 

Mean  time  of  passage  of  low-water  from  Say  brook  to  Hartford 7^  42™ 

Mean  slope  of  river 00000867 

Distance  from  Hartford  to  Saybrook  Point 48^  miles. 

Height  of  mean  level  at  Saybrook  Point 045  ft. 

Mean  rise  and  fall  of  tide  at  Saybrook  Point 3.490  ft. 

Mean  time  of  rise  of  tide  at  Saybrook  Point 6^  17™ 

Mean  time  of  fall  of  tide  at  Saybrook  Point &"  08™ 

Mean  lunitidal  interval  at  Saybrook  Point 10^  25™ 

Difference  in  time  between  Hartford  and  Saybrook 0^  01™ 

Table  of  eorrectionSf  showing  ike  number  of  minutes  to  be  added  to  or  subtracted  from  the 
mean  interval  of  15^  40™  to  obtain  the  true  interval  for  any  day  at  Hartford, 


Hour  of  moon's 

Correction  In 

Notes. 

meridJan  pM«age. 

minates. 

+   8 

-  10 

—  Sabtract  from  mean  interval. 

-  20 

-  26 

-  80 

-  26 

-  14 

. 

-  16 

. 

-28 

. 

-  30 

10 

. 

-24 

11 

. 

-14 

12 

" 

h    8 

It  will  be  observed  from  the  diagram  that  the  tides  are  more  regular  than  might  be 
expected  at  a  distance  of  about  49  miles  from  the  sound.  The  observations  were  taken 
at  the  most  favorable  season  of  the  year,  when  there  was  the  least  disturbance  from 
liigh  winds  and  sudden  fluctuations  in  the  river.  The  tidal  waves,  however,  reach 
Hartford,  even  under  the  most  favorable  circumstances,  with  considerable  variation  in 
point  of  time  and  the  height  of  the  wave,  so  that  heretofore  very  little  has  been  known 
regarding  their  laws. 

The  quantities  given  in  the  foregoing  tide-table  were  obtained  in  the  following 
manner : 

The  time  of  each  high  and  low  water  was  found  frttm  the  plotted  curve,  as  nearly  aa 
possible,  and  placed  in  a  table ;  the  differences  were  then  taken,  from  low  to  high  and 
from  high  to  low  water,  and  arranged  in  two  columns,  the  means  of  which  were  taken 
for  the  mean  time  of  rise  and  fall. 

As  these  are  the  means  of  114  tides  the  probable  error  is  very  small. 

A  table  was  then  made  of  the  times  of  the  moon's  passage  over  the  meridian  and 
the  time  of  the  subsequent  high- water  at  Hartford,  corresponding  to  the  first  high- water 
after  the  moon's  soutning  at  Saybrook,  so  that  the  same  tide  should  be  taken  at  both 
places.  The  differences  of  these  times  were  taken  and  the  mean  for  the  two  complete 
iouations  of  57  tides  was  taken  for  the  mean  lunitidal  interval. 
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The  table  of  corrections  was  made  l)y  plotting  the  intervals  sks  ordinates,  with  the 
hours  of  the  day  as  abscissas,  and  drawing?  the  most  probable  curve  through  them. 
The  time  occupied  in  the  transit  of  the  tulal  wave  from  Sayrbook  Point  to  Hartford 
ha«  been  computed  from  the  data  given  in  the  foregoing  table,  and  is  interesting,  as  it 
gives  the  mean  time  with  considerable  exactness;  and,  if  a  survey  of  the  bed  of  the 
river  below  Hartford  is  made,  it  will  furnish  the  means  of  testing  tlio  present  formulas 
regarding  similar  waves  of  translation  in  natural  channels. 

RKSI8TA^XE  OF   CORDS  AND  FLOATS. 

Some  considerable  intere^st  having  been  excited  in  the  question  of  the  resistance  of 
conls  and  tloats  when  in  motion  through  water,  and  several  experiments  having  been 
tried  during  the  i>rogress  of  the  Connecticut  River  surveys  upon  the  ap])aratus  used 
for  gauging  in  order  to  know  what  were  the  actual  resistances,  such  as  are  deemed  of 
sufficient  inteivst  have  been  added  to  this  report.  No  reliance  was  placed  ui>on  merely 
nuithematical  deducticms,  owing  to  the  insufficient  data  existing  with  regard  to  the 
Mction  and  resistance  of  cords  and  wires  when  moved  laterally  through  water  or  other 
fluids. 

Exi)erimeut8  were  first  made  upon  the  longitudinal  tension  of  a  cord  placed  in  the 
current  and  allowed  to  sag  more  or  less  downstream,  with  a  view  to  computing  the 
lateral  resistance  from  this  element;  but  diw'ct  experiments  were  afterward  made 
upon  the  force  acting  in  the  direction  of  the  current.  The  first  exi)eriments  were  made 
on  July  20,  1874,  at  Hartford  between  the  W€»st  abutnu'ut  and  the  fii-st  pier  of  the  toll- 
bridge.  The  cord  used  was  .036  of  au  inch  in  diameter,  of  hard-twisted  cottoib  "ikI  «f 
unifonn  size.  This  was  stretched  across  from  the  jiier  to  the  abutment,  a  distance  of 
27.2  feet,  at  a  depth  of  6  inches  below  the  surftuje.  One  end  was  made  fa«t  and  the 
other  pas.sed  over  a  brass  pulley,  so  as  to  measure  the  tension  with  a  spring-balance. 
Four  experiments  wei-e  tried,  one  of  which  was  rejected,  from  an  evident  error  in  re- 
cording.   The  others  are  shown  in  the  following  table : 


Number  of  experiment. 


1. 
2 
3. 


Velocity  of     Great«'«t     Angle  at  I  Tension 
cunviit.    Iversed  sine.'  west  end.   on  cord. 


Ouneeg. 
30    4r>    <         8 
27    30    I  ft^ 

24    00  12 


The  velocity  of  the  current  wasmeasured  with  current-meter  No.  2,  befcu'e  described, 
at  6,  13,  and  19  feet  from  the  west  bank,  giving  velocities  of  1.35,  1.56,  and  1.70  fi»et 
per  second  at  these  iioints.  The  experiments  were  continued  at  the  bridge  of  the  Sey- 
mour Pai>er  Ccmipany,  in  Windsor  Locks,  on  July  31  and  August  1,  with  the  same  small 
cord  and  with  a  larger  cord  of  .192  of  an  inch  diameter.  In  these  experiments  the 
ends  of  the  cords  were  sniniorted  by  stakes  9.75  feet  ai»art,  driven  into  the  bed  of  the 
canal,  so  that  the  current  flowed  more  uniformly  andumitlected  by  the  banks  between 
the  jMiints  of  sup])ort  than  was  the  case  in  the  former  experiments.  The  conls  were 
suspended  about  6  inches  below  the  surface,  and  one  end  was  i^assed  over  a  i)ulley  as 
before.    The  results  of  these  experiments  are  shown  in  the  following  table : 


> 

1 
fumber  of  ex- 

Diameter of 

Velocity  of  ciir- 

Greatest  versed 

Angle  at  west 

Tension  on 

periment.     1 

cord. 

rent. 

sine. 

end. 

I          cord. 

1 

1 

Inch. 

Foot  per  see. 

Feet. 

0        / 

1        Otmees. 

1 

.036 

.95 

.85 

15    10 

1             3 

2            1 

.036 

.95 

1.28 

30    20 

1 

3            i 

.036 

.05 

1.25 

28    30 

u 

4 

.036 

.95 

.69 

19    30 

5           1 

.036 

.86 

.24 

6    15 

8} 

6           i 

,036 

.86 

.50 

8    00 

4| 

7 

.036 

.86 

.75 

21    00 

2 

8 

.036 

.86 

1.10 

30    25 

1 

9 

.036 

.86 

2.21 

.. 

1     4 

10 

.192 

.93 

.61 

19    00 

11            1 

.192 

.93 

.70 

22    30 

8 

12 

.192 

.93 

.92 

29    00 

5 

13 

.192 

.93 

1.37 

36    40 

H 

"            1 

.192 

.93 

1.97 

47    30 

2i 
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III  the  foregoiiiff  experinionts  the  vehx-ity  of  the  current  was  niensuretl  with  ciir- 
HMit-iiicter  No.  2,  before  (Uwribed,  at  tlirec^  placen  acn)88  tlie  hMij^th  of  the  cord,  and 
the  lueaii  velocity  deduced  tlierefroin.  The  meter  was  placed  at  tlie  same  diHtauce 
below  the  mirftwre  an  the  conl  aud  as  nearly  as  practicable  under  the  same  conditions; 
the  measurement  by  the  meter  occupyinj^  some  few  minutes,  while  the  i»ressure  ui>on 
the  conl  was  taken  at  once.  The  ivsnlts  of  the  foregoing  experiments  not  being  en- 
tirely satisfactory,  further  experiments  were  made  upon  the  i)res8urt»  produced  by  the 
direct  action  of  tlie  current  upon  cords  and  wh-es  of  dillerent  sizes  on  the.  17th  and 
18th  of  Au^^ist,  at  Hartford. 

An  apparatiLs  for  holding;  the  conl  and  measuring  the  pressure  upon  it  by  means  of 
a  scale-beam  was  construct«'d  as  follows:  A  frauie  to  hold  the  cord  to  be  tested  was 
made  by  extending  two  stout  brass  wires  downwanl  from  a  horizontal  round  wooden 
axis,  aud  bracing  them  so  as  to  withstand  the  tension  of  the  cord  stretched  between 
their  ends.  The  distance  between  these  arms  to  which  the  cord  was  attached  was  4 
feet,  and  the  length  of  the  arms  was  2o  inches. 

This  frame  was  hung  to  a  beam  by  pivots  in  the  ends  of  the  horizontal  axis,  resting 
in  hmik-bearings  so  sis  to  be  easily  removed  an<l  rei)laced,  and  was  i»rovided  with  a 
h(»rizontal  scale-beam  having  a  sliding  weight  like  a  steelyanl.  T1h»  whole  was  bal- 
anced, and  the  wire  anus  hung  vertically  when  the  weight  was  at  zero. 

This  a]>paratus  was  use<l  by  laj^hing  the  beam  across  the  gunwales  of  a  boat  so  that 
the  frame  would  hang  <m  one  side  with  the  arms  inmiersed  about  9  inches  when  placed, 
in  tlu*  pro]R'r  position  for  use ;  the  action  of  the  current  upon  the  part  of  the  frame 
submerged  was  weighed  on  the  scale-beam.  The  vord  or  wire  was  then  attached  to 
the  ends  of  the  anus  and  the  pressure  again  weighed.  The  difference  in  weight  gave 
the  pn»ssure  ujion  the  cord  or  wire  alone. 

In  these  experiments  the  vehn-ity  of  the  current  was  measured  with  current-meter 
No.  1,  fn>m  the  boat,  in  the  middle  of  the  length  (K'cujued  by  the  frame. 

Exi»eriments  were  made  upon  both  cords  and  wires  of  the  dianu*tcrs  given  in  the 
following  tables.  The  cords  were  all  hanl-twisted,  smooth,  and  of  uniform  diameter, 
and  were  all  of  cotton  excejit  No.  3,  which  was  a  linen  fish-line. 

M<ist  of  the  cords  were  stretclu'd  ti^ht  In'tween  the  supports,  but  some  were  allowed 
to  sag,  as  noted  in  the  table.    The  wires  were  all  nearly  straight. 

All  of  the  experiments  were  made  at  a  depth  of  9  inches  below  the  surtacc  of  the 
water. 

Table  alwmng  experimenis  upon  corda. 


±     1 

i ' 

1 

.a 

t 

~t    ' 

^ 

If 

o 

1 

u 

1 

3 

§i 

U 
fcfl 

IE    B 

Q* 

1 
i 

t 

Notes. 

*•  s 

1 

1 

1 

X 

25 

1 

6.3 

1* 

> 

2.23 

i 

< 

■    Z 
1 

ll 

.2 

4 

2.0 

8.3 

.0667 

L180 

Cotton  conl,  3-inch  Wkf,  in  middle. 

2  , 

1 

.2 

3.02 

2.0 

8.3 

6.3 

2.23 

.0653 

L214 

Cotton  «)hl,  2-iuoli  Raj;  in  middle. 

3  ' 

1 

.2 

3.02 

.6 

3.0 

2.4 

1.28 

.0653 

1.401 

Cotton  conl,  nearly  Htraij^ht. 

4 

2 

.052 

2.0 

3.9 

L9 

2.31 

.0173 

1.279 

Cotton  conl,  1-inch  nag  in  middle. 

5 

2 

.a>2 

.6 

1.1 

.  5 

1.32 

.0173 

1.030 

Cotton  conl,  nearly  Htraicbt 
Linen  conl,  nearly  Htraiidit. 

6 

8 

.04o 

2.0 

3.3 

1.3 

2.27 

.0150 

1.048 

7  1 

3 

.045 

.6 

1.1 

.5 

1.36 

.0150 

L117 

I)o. 

8  ' 

4 

.038 

2.0 

3.2 

1.2 

2.23 

.0127 

1.188 

Cotton  cord,  nearly  ntniiKht. 

9 

4 

.038 

2.0 

3.3 

1.3 

2.23 

.0127 

L284 

Cotton  conl,  1-incIi  m\n  in  middle. 

10 

4 

.038 

.6 

Ll 

.5  !  1.33 

.  0127 

L379 

Cott<m  conl,  nearly  straij^ht. 
Cotton  uonl,  5  feet  long,  1  foot  3 

11 

4 

.038 

.6 

1.0 

.4 

1.26 

.0127 

L238 

1 
12  , 

5 

.036 

2.0 

a2 

1.2 

2.19 

.0120 

1.802 

inchea  nag. 
Cotton  conl,  nearly  straight 

13  1 

5 

.036 

DoefficI 

.6 
ent... 

1.0 

.4 

L29 

.0120 

1.255 

l)o. 

Mmui  < 

L225 

The  probable  error  of  this  mean  is  ±  .021. 


Digitized  by  VjOOQIC 


382 


BEPOBT  OP  THE   CHIEF   OP   ENGINEERS. 


Table  showing  experiments  upon  wires. 


s 

u 


i 


I 


Notes. 


.075 
.075 
.065 
.065 
.032 
.032 
.022 
.022 
.012 
.012 


2.0 

.6 
2.0 

.6 
2.0 

.6 
2.0 

.6 
2.0 

.6 


4.1 
1.3 

a8 
1.1 

3.0 
.8 

2.5 
.8 

2.3 
.7 


2.1 


.5 
1.0 


.6 


2.20 
1.1© 
2.20 
1.22 
2.19 
L22 
2.18 
1.21 
2.15 
1.35 


.0250 
.0250 
.0217 
.0217 
.0107 
.0107 
.0073 
.0073 
.0040 
.0040 


L082 
1.239 
L066 

.965 
1.208 

.821 

.884 
L126 
1.028 

.824 


Copper  wire,  nearly  stndght. 

Do. 

I)o. 

Do. 

Do. 

Do. 
Brass  wire,  nearly  stxaight. 

Do. 

Do. 

Do. 


Mean  coefficient.. 


1.025 


The  probable  error  of  this  mean  is  ±.  .032. 

In  addition  to  the  foregoing  experiments  on  cords  and  wires,  a  few  experiments 
were  made  on  the  29th  of  August,  with  the  .same  apparatus,  upon  the  resistance  of  the 
floats  before  described  in  this  report,  when  similarly  act«d  upon  by  the  current.  They 
were  attached  by  cords,  from  10  to  15  feet  long,  to  the  middle  of  the  conl  stretched 
between  the  arms  of  the  frame  as  in  the  foregoing  experiments.  The  floats  were  tried 
alone  and  also  the  whole  system  together. 

The  resistance  of  the  upper  float  was  obtained  by  attaching  it  to  the  apparatus  in 
the  manner  described,  with  a  weight  of  8  ounces  hanging  to  it  at  a  distance  of  18 
inches  below,  and  supporting  this  weight  against  the  current  by  an  independent  cord. 
This  was  also  tried  without  suspending  the  weight  independently. 

When  Iwth  floats  were  tried  together,  they  were  attached  independently  to  the 
frame,  except  in  one  case,  when  the  upper  flout  alone  was  attached.  The  center  of  the 
lower  float  was  in  all  cases  18  inches  below  the  surface  float.  An  experiment  was 
made  upon  the  lower  float  alone,  suspended  at  the  surface  by  means  of  tne  upper  float 
placed  just  inside  of  the  top. 

The  velocity  of  the  current  was  so  small  at  the  time  of  these  experiments  that  it 
was  very  diflicult  to  measure  the  slight  resistance  of  the  surface  float.  The  results 
would  have  been  more  satisfactory  with  a  greater  velocity.  They  are,  however,  given 
in  the  following  table,  which  shows  the  deductions  made  from  such  experiments  as 
were  tried.  These  observations  were  not  originally  considered  sufficiently  complete  to 
be  of  great  value,  and  consequently  wore  not  given  in  the  previous  report. 

Tahle  showing  results  of  eacperimenis  upon  floats. 


r 

1 

o 

i 

a 

1 
1 

P 

.9 
I 

I, 

H 
§3 

i 

h 
§1 

> 

L 
Is 

1 

j 

Notes. 

1 

2 

EUipsoid.. 
EUipsoid.. 

6l00 
6.00 

1.50 
1.60 

.0136 
.0062 

1.01 
.77 

.033 
.033 

.404 
.316 

Do 

ent 

.360 

The  probable  error  of  this  mean  Is  db  .030. 


Cylinder.. 
Cylinder.. 

&47 
8.47 

a  50 

a5o 

.5417 
.8124 

1.28 
.91 

.500 
.500 

.662 

.755 

Sabfloat  by  itself,  near  the  surface. 
Subiloat  18  inches  below  surface-float,  both 

attached. 
Sabfloat  18  inches  below  surface-float,  lat- 

ter  only  attached. 
Subfloat  18  inches  below  surface-float,  both 

attached. 
Do. 

Cylinder.. 
Cylinder.. 

a  47 
a  47 

aso 
aso 

.3176 
.2719 

1.07 

.87 

.500 
.500 

.555 
.719 

Cylinder..'  a 47 

a50 

.2541 

.86 

.500 

.687 

Mean  '^'Mfflr. 

lent . . 

.676 

The  probable  error  of  this  mean  is  db  .023. 
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In  the  foregoinf^  tablM  f^  the  resnlts  of  experiments  npon  cords,  wires,  and  floats, 
the  last  column  coBtains  the  coefficient  of  resistance. 

The  geneiai  formula  for  the  resistance  of  a  hody  moving  in  a  fluid  of  unlimited  cross- 
sectionis — 

P  =  C^Aw 

in  which 

P  ^  resistance  of  the  hody  to  motion. 

r= velocity. 

^ = force  of  gravity  at  the  place. 
A = area  of  cross-section  of  the  hody. 
10  =  weight  of  a  unit  of  volume  of  the  fluid. 

C  =  a  coefficient,  supposed  to  he  constant  for  the  same  form  of  solid,  hut  varying  for 
differeut  forms. 

As,  however,  for  the  same  fluid  the  £EK!tor  ^  is  constant,  hoth  numerator  and  de- 

nominator  varying  proportionally  with  the  small  changes  in  the  value  of  ^,  it  can  he 
omitted  in  the  computation  of  the  coefficient  C  from  a  series  of  observations  or  experi- 
ments in  the  same  fluid.  The  resulting  coefficients  are  the  proper  ones  for  the  fluid 
observed,  and  if  it  is  desired  to  apply  them  to  any  other  they  can  be  placed  in  the 

general  formula  by  multiplying  by  ^,  or  making  C  =  C  r^,  C  being  the  proper  co- 
efficient for  the  general  formula.  Although  it  is  known  that  the  foregoing  formula  is 
not  exact  for  a  great  range  of  velocity,  it  is  sufficiently  accurate  to  determine  the 
resistance  through  a  considerable  range  in  the  values  of  the  area  of  the  cross-section 
and  velocity  if  the  coefficient  is  well  established  by  a  sufficient  number  of  experiments. 
It  also  afiibrds  an  excellent  means  of  comparing  experiments  at  different  velocities  and 
with  different  areas  of  cross-section,  so  as  to  obtain  a  mean  coefficient.  In  the  fore- 
going tables  the  coefficients,  whicli,  if  applied  to  the  formula,  would  produce  the 
results  of  the  experiments,  have,  therefore,  been  computed  by  the  formula— 

C-    P 


and  the  means  taken  of  the  results.  The  pressure,  P,  is  taken  in  pounds,  the  area,  A, 
in  square  feet,  and  the  velocity,  v,  in  feet  per  second. 

It  will  be  observed  that,  in  the  table  of  exx>eriment8  with  cords,  the  coefficients  are 
quite  uniform,  and  there  appears  to  be  no  material  difference  between  the  higher  and 
lower  velocities,  nor  between  the  larger  and  smaller  cords;  neither  does  there  appear 
to  be  any  difference  where  the  cord  has  a  very  considerable  curve  or  sag  between  the 
ends. 

In  the  series  of  experiments  upon  wires,  a  greater  difference  appears  in  the  coeffi- 
cients. This  is  owing  to  the  fineness  and  consequent  small  areas  oi  some  of  the  wires, 
and  the  slowness  of  tlie  cuirent;  and  also  to  the  fact  that  with  the  apparatus  used  the 
pressures  could  be  taken  only  to  the  nearest  tenth  of  an  ounce ;  so  that  the  pressures  of 
.  1,  Sty  and  .3  were  subject  to  a  large  percentage  of  error  from  this  cause.  As  these  errors, 
however,  are  equally  likely  to  give  too  large  or  too  small  results,  the  mean  is  very  near 
the  probable  tnith. 

In  the  experiments  npon  the  small  tin  ellipsoids  used  for  surface  floats,  the  results 
are  not  quite  satisfactory  for  the  same  reasons.  The  two  coefficients  given  do  not. 
however,  fary  so  much  as  would  be  expected  from  the  difficulty  of  measuring  so  small 
a  resistance,  and  the  mean  may  be  taken  as  approximately  correct.  With  the  cylinders 
used  for  subfloats,  the  coefficients  are  quite  uniform,  with  the  exception  of  Mo.  5,  in 
which  case  the  floats  were  attached  to  the  weighing  apparatus  by  a  line  to  the  upper 
float  only ;  so  that  there  is  a  possibility  that  the  lower  float  was  carried  down  stream 
irafflciently  to  bring  the  suspending  cord  against  its  top  edg^  and  cant  it  slightly.  If 
the  result  of  this  experiment  is  rejected,  it  makes  the  mean  coefficient  .706,  instead  of 
.676,  with  a  probable  error  of  ±  .014. 

THE  MAPS  AND  DIAGEAM8  SHOWN  IN  THE  PLATES. 

A  map  of  the  river  from  Hartford  to  Holyoke  has  been  prepared  upon  a  reduced 
scale,  corresponding  to  the  6  large  sheets  of  400  feet  to  an  inch  submitted  with  the 
last  report,  and  upon  it  have  been  placed  all  the  localities  and  proposed  iuiprovenieuts 
embraced  in  the  previous  reports  upon  this  part  of  the  river ;  so  that  it  shows  all  that 
is  necessary  to  comprehend  their  meaning.  •  The  detailed  information  contained  in  the 
larger  maps  could  not  be  shown  npon  so  small  a  scale,  but  all  the  essential  features 
have  lieeii  retained. 

The  principal  parts  omitted  are  the  lines  of  soundings  across  the  river  each  400  feet, 
the  10-foot  contours  above  the  Hartford  base,  and  some  of  the  minor  details  that  are 
described  in  the  reports  and  repeated  on  the  maps.    The  contour-lines  in  the  bed  of  the 
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river  are,  however,  shown,  ffivin*;  tlie  <lei)th  below  the  lowest  water.  The  dotted  Hue 
outside  the  ordinary  banks  of  the  river  shows  the  linut  of  overflow  in  the  highest 
freshets.  The  eliaraeteristie  heijjht*  of  the  j^ronud  above  Hartford  base,  or  low-wat4?r 
mark  at  that  phiee,  have  also  been  plaeed  upon  the  map  in  small  figures.  Enough  of 
these  are  given  to  show  the  general  character  of  the  bauks  and  the  slope  back  fi*om 
the  water. 

The  large  ligures  in  the  bed  of  the  river  on  the  lines  of  sections  across  the  valley 
show  the  heights  of  ordinary  water  and  highest  water  resi>ectively  above  tlie  low-water 
plane. 

The  profile  of  the  river  and  the  diagrams  of  Iwrings,  cross-sections  at  Thompson- 
ville,  an<l  of  the  heights  <if  water  at  Hartford,  have  all  been  reduced  in  scale  to  brin^ 
them  within  suitable  limits  for  the  accomi>anyiug  jihites;  but  it  is  believed  that  they 
show  every  imiwrtant  feature  of  the  original  sheets.  The  diagram  of  w'ctions  at 
Thompsonville  shows  all  the  sections  across  the  river  upon  which  float  or  meter  ol»ser- 
vatious  were  taken.  At  positi<ms  F  and  (t  on  the  map,  7  ]>ara11el  lines  were  run 
across  the  river  at  50  feet  distance  apart.  They  are  numbered  in  the  following  onler, 
commencing  with  the  one  highest  up  the  river:  7,  6,  1,  2,  3,  4,  5.  The  lines  1, 2,  3,  4,  5, 
embniced  the  200  feet  called  ]>osition  F,  and  the  lines  7,  (i,  1,  2,  3,  embrac«'d  the  200  feet 
called  position  G.  The  meter-observations  wcnv  taken  on  the  middle  lines  1  and  3  of 
these  ]>ositions.  On  the  large  sheet  before  submitte<l,  the  several  lines  were  shown  in 
difterent  colors;  but  on  the  present  plate  they  are  necessarily  all  in  black,  and  are 
shown  by  the  different  character  of  the  lines.  The  3  sheets  showing  the  ap)>aratu8 
used  in  ganging,  the  diagram  of  vertical  curves  of  current  velocities,  and  the  2 
diagrams  showing  the  relative  heights  and  discharges  at  Thompsonville,  riMnain  the 
same  as  brfoi-e  pn'sented,  with  the  recinisite  chang«»s  for  lulaiiting  them  to  be  printe4. 

Two  new  diagi*ams  have  hern  addwl  in  the  jiresent  plates  to  bring  the  rep<»rt  up  to 
date,  viz:  an<ither  diagram  of  the  heights  of  water  at  Hartford  for  the  year  1*^5,  an«l 
a  sheet  showing  the  tides  at  Hartford  fortwo  complete  lunations  in  August,  Sex»tember, 
and  October  of  1874. 

Alt  of  which  is  respectfully  submitted. 

Theo.  G.  Ellis, 

Ciril  Engineer, 
LIST  OF  PLATES. 

I.  Connecticut  River,  from  Hartford  to  Windsor  Locks. 
II.  Connecticut  Kiver,  from  \Vin<lsor  Locks  to  L<nig  Meadow. 

III.  C(»uuecticut  River,  fnmi  Long  Meadow  to  Holyoke. 

IV.  Diagram  of  borings  in  the  bed  of  the  river. 

■    V.  J*rofile  of  Coniiwticut  River  from  Hartfonl  to  Holyoke. 

VI.  Diagrams  showing  ci-oss-sections  of  the  river  and 'mean  vertical  curves  of  cur- 
rent veloi'ities  at  Thompsonville. 
VII.  Apparatus  used  in  gauging. 

VIII.  Diagram  showing  the  height  of  the  river  at  Hartford  from  Februarv  1  to  Decem- 
ber 31,  1871. 
IX.  Diagram  showing  the  height  of  the  river  at  Hartford  from  January  1  to  Decem- 
ber 31,  1872. 
X.  Diagram  showing  the  height  of  the  river  at  Hartford  frt>m  Jaunary  1  to  Decem- 
ber 31,  1873. 
XI.  Diagram  showing  the  height  of  the  river  at  Hartford  from  January'  1  to  Decem- 
ber 31,  1874. 
XII.  Diagram  showing  the  height  of  the  river  at  Hartford  from  January  1  to  Decem- 
ber 31,  1875. 

XIII.  Diagram  showing  heights  and  discharges  of  the  Connecticut  River  at  Thomp- 

8(mville. 

XIV.  Diagram  showing  tides  at  Hartford  in  1874. 

XV.  Diagram  showing  the  height  of  the  river  at  Hartford  from  January  1  to  Decem- 
ber 31,  1876. 
XVI.  Diagram  showing  the  height  of  the  river  at  Hartford  from  January  1  to  Decem- 
ber 31,  1877. 

ADDENDA. 

Since  the  foregoing  report  wa«  submitted  the  observ'ations  of  the  height  of  the  water 
at  Hartfonl  have  l)een  continued. 

At  the  times  of  high-water  in  1876  and  1877  a  comparison  was  made  of  the  height 
as  shown  ujwm  the  old  gauge  at  the  toll-bridge  and  upon  the  new  gauge  which  was 
established  (m  the  steamlMiat-wharf  at  the  f(M)t  of  State  street.  The  slope  of  the  sur- 
face between  these  two  ]>oint«  was  found  to  be  considerable  at  the  time  of  freshets,  so 
that  the  readings  upon  the  new  gauge  were  less  than  upon  the  old,  although  they 
were  pra<-tically  the  same  at  the  low  stages,  the  zeroes  of  the  two  gauges  l>eiug  at  the 
same  level.  In  order,  therefore,  t-o  obtain  the  most  correct  approximate  discharge 
from  the  gauge-readings,  a  new  table  of  discharge  for  the  heights  upon  the  new  gauge 
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has  been  compnted,  and  the  collected  quantities  entered  in  the  tables  of  discharge  for 
the  years  1876  and  1877. 

This  new  table  of  discharge  differs  but  little,  however,  from  that  heretofore  given, 
except  at  the  higher  staffes,  when  the  slope  of  the  surface  is  the  ereatest. 

The  tables  of  mean  daily  heights  of  water  and  daily  discharge  n>r  the  years  1876  and 
1877  have  been  computed,  together  with  the  totals  for  the  years. 

Tables  have  also  been  prepared  showing  the  number  of  days  in  each  month  the 
averace  for  the  day  was  above  a  given  heignt,  corresponding  to  the  tables  heretofore 
incluoed  in  the  report  for  the  previous  years. 

All  of  the  before-mentioned  tables  and  diagrams  showing  the  observed  heights  of 
Tvater  at  Hartford  for  the  years  1876  and  1877  are  appended  herewith. 

nUcharge  of  the  (UmMOiiioHi  Bwer  at  Sartfardy  far  each  foot  in  Mght,  (y  the  United  States 
gauge  at  the  foot  of  State  street. 


Hcdgfat 

seoond. 

Height 

DiflduiTgeper 
second. 

Height 

Diaohargeper 
seoond. 

Height 

Discharge  per 
second. 

FeA 

OubUfML 

FeeL 

OuMa/mL 

Fttt. 

OiMo/Mt 

72,700 

Fttt. 

OubUfuL 

5,000 

8 

27,400 

16 

24 

142,400 

5,500 

0 

32,400 

17 

79,600 

25 

158,400 

e,ooo 

10 

37,500 

18 

87.100 

26 

164,800 

8,500 

11 

42,000 

19 

96,200 

27 

176,200 

11,100 

12 

48,500 

20 

103,700 

28 

187,600 

14.500 

18 

54,200 

21 

112,700 

29 

199,200 

18,400 

14 

60,100 

22 

122,100 

30 

211,000 

22,700 

15 

66,200 

23 

132,000 

25  k 
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Table  showing  the  daily  discharge  and  height  of  the  ConneoUcut  Biver  at  Har{ford  from  Jan- 
uary 1  to  Decetnber  31,  1876. 


Date. 

Height, 
feet. 

Milliona  of 
cubic  feet. 

Date. 

Height, 
feet. 

Milliona  of 
cubic  feet. 

Date. 

Height, 
feet. 

MillionB  of 
cubic  feet. 

1876. 

1876. 

1876. 

Jan.         1 

6.52 

1,780 

Mar.      1 

4.93 

1,230 

Hay      1 

14.80 

6.455 

2 

7.35 

2,100 

2 

4.46 

1,086 

2 

14.37 

6,480 

3 

&58 

2,614 

3 

3.87 

925 

13.49 

4,932 

4 

8.63 

2,636 

4 

4.13 

K          994 

12.74 

4,554 

5 

9.17 

2,874 

5 

4.05 

972 

11.72 

4,052 

6 

7.77 

2,270 

6 

8.98 

954 

11.33 

8,865 

7 

&67 

1,835 

7 

4.73 

1,168 

12.07 

4,225 

8 

6.38 

1,709 

8 

7.70 

2,242 

13.70 

5,040 

9 

6.18 

1,653 

9 

U.50 

3,946 

15.43 

5,961 

10 

&23 

1,671 

10 

13.97 

6,179 

10 

16.62 

6,651 

11 

&06 

1,610 

11 

16.13 

6,794 

11 

17.37 

7,115 

12 

6.56 

1,790 

12 

12.70 

4,536 

12 

18.12 

.7,607 

13 

a98 

2,790 

13 

10.83 

3,629 

13 

1&98 

8,210 

14 

9.35 

2,960 

14 

9.65 

3,040 

14 

19.20 

8,373 

15 

8.60 

2,623 

15 

8.70 

2,667 

16 

1&96 

8,195 

18 

8.45 

2,560 

16 

7.97 

2,354 

16 

18.13 

7,615 

17 

7.93 

2,336 

17 

7.27 

2,067 

17 

16.73 

6,715 

18 

7.63 

2,172 

18 

5.97 

1,578 

18 

14.85 

5,640 

19 

7.10 

2,000 

19 

5.38 

1,276 

19 

13.24 

4,805 

20 

7.96 

2,350 

20 

6.57 

1,441 

20 

12.03 

4,205 

21 

9.10 

2,842 

21 

7.27 

2,067 

21 

11.35 

3,875 

22 

10.49 

3,469 

22 

7.40 

2,120 

22 

10.97 

3,095 

23 

11.70 

4,044 

23 

7.53 

2,173 

23 

11.45 

3,923 

24 

11.62 

4,005 

24 

7.15 

2,020 

24 

11.74 

4,062 

25 

10.88 

3,652 

25 

7.10 

2,000 

25 

11.61 

8, 952 

26 

10.07 

3,273 

26 

12.07 

4,225 

26 

11.11 

3,780 

27 

-      9.33 

2,944 

27 

15.63 

6,075 

27 

10.55 

3,496 

28 

9.20 

2,886 

28 

15.33 

5,905 

28 

9.60 

3,062 

29 

9.03 

2,812 

29 

15.03 

5,735 

29 

8.68 

2,658 

30 

8.90 

2,754 

30 

17.95 

7,494 

30 

7.75 

2,283 

31 

9.36 
9.81 

2,952 

31 
Apr.      1 

17.15 
15.10 

6,975 

31 
June      1 

7.30 
6.97 

2,080 

70,956 

93,866 

155,  521 

Feb.         1 

3,155 

5,776 

1,940 

2 

10.09 

3,282 

2 

12.83 

4,599 

2 

6.67 

1,835 

3 

9.59 

3,057 

8 

10.48 

3,464 

3 

6.15 

1,679 

4 

&63 

2.686 

4 

10.90 

8,661 

4 

a  06 

1,605 

5 

7.67 

2,230 

5 

13.07 

4,718 

5 

6.05 

1,805 

6 

7.50 

2,160 

6 

12.39 

4,883 

6 

7.72 

2,250 

7 

7.37 

2,106 

7 

11.03 

8,722 

7 

8.24 

2,467 

8 

8.75 

2,688 

8 

10.73 

3,681 

8 

7.25 

2,060 

9 

9.46 

3,000 

9 

10.83 

3,620 

9 

6.44 

1,750 

10 

9.57 

3,050 

10 

10.08 

3,377 

10 

5.70 

1,485 

11 

9.35 

2,9.52 

11 

9.38 

2,965 

11 

6.06 

1,272 

12 

a83 

2,723 

12 

9.59 

3,057 

12 

6.05 

1,269 

13 

9.30 

2,930 

13 

11. 32 

3,860 

13 

6.27 

1,340 

14 

9.20 

2,886 

14 

13.39 

4,880 

14 

5.00 

1,253 

15 

10.08 

3,278 

15 

17.20 

7,005 

15 

4.97 

1,244 

16 

10.42 

3. 43.') 

16 

20.48 

9,333 

16 

4.70 

1,150 

17 

8.36 

2,520 

17 

21.81 

10, 395 

17 

4.69 

1,155 

18 

&90 

1,923 

18 

21.45 

10, 110 

18 

4  78 

1,183 

19 

&66 

1,7W 

19 

19.05 

8,261 

19 

4.62 

1,135 

20 

5.80 

1,620 

20 

16.38 

6,508 

20 

4.26 

1,026 

21 

5.10 

1,285 

21 

14.18 

5,286 

21 

4.45 

1,085 

22 

6.03 

1,262 

22 

13.88 

6,132 

22 

4.50 

1,099 

23 

4.82 

990 

23 

14.28 

5,339 

23 

4.78 

1,184 

24 

4.80 

1,190 

24 

14.62 

5,518 

24 

4.99 

1,249 

25 

5.50 

1,417 

25 

14.96 

5,698 

26 

4.89 

1,218 

20 

5.32 

1,327 

26 

14.89 

5,660 

26 

4.59 

1,125 

27 

5.00 

1, 2.52 

27 

14.55 

5,480 

27 

4.27 

1,033 

28 

4.83 

1,200 

28 

13.89 

5,137 

28 

4.15 

1,000 

29 

6.00 

1,152 

29 

13.78 

5,080 

29 

3.99 

O.Vi 

30 

1 

1 

13.90 

5, 142 

80 

1 

3.92 

939 

64,400 

160,750  1 

41,008 
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Taible  ahowing  the  daily  diaoharge  and  height  of  the  ConneoHeut  Biverj  ^o, — Continued. 


Date. 

Height, 

MUlionBof 

Date. 

Height, 

MiUionsof 

Date. 

Height, 

Millions  of 

feet. 

cubic  feet. 

feet. 

cubic  feet. 

feet. 

cubic  leet 

187<L 

1   1876. 

1876. 

July    1 

8.97 

950 

i  Sept.   1 

1.43 

610 

Nov.   1 

2.00 

670 

2 

ass 

920 

2 

1.20 

490 

2 

2.38 

622 

3 

3.70 

885 

8 

1.18 

489 

8 

2.47 

635 

4 

3.55 

848 

4 

0.97 

474 

4 

1.98 

668 

5 

3.43 

820 

1       6 

0.98 

476 

6 

1.67 

532 

6 

3.35 

803 

6 

1.14 

486 

6 

1.86 

652 

7 

3.27 

785 

7 

1.62 

528 

7 

2.20 

696 

8 

3.20 

770 

8 

2.15 

589 

8 

2.23 

600 

9 

2.84 

696 

9 

1.86 

652 

9 

2.15 

590. 

10 

2.34 

615 

10 

1.85 

652 

10 

2.36 

616 

11 

2.82 

692 

11 

•  L80 

547 

11 

2.60 

655 

12 

3.01 

728 

12 

1.59 

524 

12 

2.62 

669 

18 

3.07 

742 

13 

L46 

512 

13 

2.63 

661 

14 

3.03 

732 

14 

1.63 

629 

14 

2.25 

603 

15 

2.91 

709 

15 

1.92 

560 

16 

2.33 

614 

16 

2.50 

640 

16 

2.23 

600 

16 

2.25 

780 

17 

2.28 

604 

17 

2.04 

675 

17 

2.95 

715 

18 

2.37 

620 

18 

2.82 

603 

18 

3.00 

726 

19 

2.45 

632 

19 

2.55 

647 

19 

3.17 

762 

20 

2.68 

670 

20 

2.70 

672 

20 

3.22 

774 

21 

2.48 

634 

21 

2.86 

700 

21 

3.32 

796 

22 

2.77 

685 

22 

2.91 

709 

22 

4.07 

977 

23 

2.64 

662 

28 

2.58 

652 

23 

4.17 

1,005 

24 

2.60 

670 

24 

2.33 

614 

24 

3.62 

865 

25 

2.99 

725 

26 

2.33 

614 

25 

3.63 

866 

26 

2.80 

705 

26 

2.42 

628 

26 

3.47 

830 

27 

2.60 

655 

27 

2.07 

579 

27 

3.03 

732 

28 

2.41 

626 

28 

1.36 

602 

28 

2.68 

670 

29 

2.10 

582 

29 

2.00 

670 

29 

2.38 

621 

30 

L93 

561 

30 

2.33 

614 

30 

2.45 

632 

31 

2.57 
2.55 

650 

Oct   1 

2.20 

Dec.   1 

2.27 

22,016 

17,186 

20,822 

Aug.    1 

647 

506 

eoe 

2 

2.38 

621 

2 

2.15 

589 

2 

2.08 

676 

3 

2.37 

620 

3 

2.38 

622 

3 

1.78 

645 

4 

2.20 

506 

4 

2.63 

644 

4 

L73 

639 

5 

2.22 

599 

5 

2.13 

687 

6 

1.88 

656 

6 

L95 

665 

6 

2.37 

620 

6 

2.20 

506 

7 

.1.84 

551 

7 

1.92 

560 

7 

LU2 

560 

8 

L84 

561 

8 

1.60 

525 

8 

1.92 

560 

9 

1.78 

545 

9 

L47 

613 

9 

2.70 

672 

10 

1.88 

556 

10 

1.76 

541 

10 

0.95 

473 

11 

L76 

542 

11 

L40 

607 

11 

1.37 

504 

12 

1.79 

640 

12 

1.30 

498 

12 

2.68 

660 

13 

1.31 

499 

18 

L48 

514 

13 

2.02 

672 

14 

1.11 

483 

14 

2.07 

579 

14 

L77 

643 

15 

1.28 

496 

15 

1.68 

684 

15 

2.02 

672 

16 

L87 

504 

16 

1.07 

481 

16 

1.72 

638 

17 

1.74 

540 

17 

0.75 

461 

17 

0.83 

466. 

18 

1.88 

666 

18 

L37 

504 

18 

1.27 

496 

19 

2.05 

676 

19 

1.70 

636 

19 

1.20 

490 

20 

L72 

638 

20 

1.63 

520 

20 

0.88 

460 

21 

1.36 

502 

21 

1.92 

560 

21 

1.18 

489 

22 

1.53 

510 

22 

1.93 

661 

22 

1.37 

604 

23 

L88 

656 

23 

L95 

664 

23 

2.05 

676 

24 

1.83 

560 

24 

1.97 

666 

24 

L76 

541 

25 

L62 

528 

25 

L78 

545 

25 

1.52 

518 

26 

1.25 

494 

26 

L45 

611 

26 

L87 

555 

27 

0.74 

461 

27 

L25 

494 

27 

2.15 

589 

28 

0.75 

462 

28 

L67 

523 

28 

2.12 

686 

29 

0.96 

473 

29 

1.70 

535 

29 

2.43 

630 

30 

1.24 

494 

30 

1.80 

642 

80 

2.65 

666 

31 

L36 

503 

31 

2.16 

680 

81 

L38 

606 

16,674 

16,930 

17,156 
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Totals  far  the  months  and  year. 


187& 


Cabio  foot. 


187<L 


Cabio  feet. 


Jannary . 
February 
March  . . . 
AprU.... 

kay 

June 

July 


79,950, 
64.400, 
93,886, 
160.750, 
155, 521. 
41,008, 
22,016, 


000,000 
000,000 
000,000 
000,000 
000,000 
000,000 
000,000 


Anffuat 

September 
October..., 
November 
December. 

Total. 


10,674,000,000 
17,186,000,000 
16,930,000,000 
20,822,000,000 
17, 156, 000, 000 


706,291,000,000 


TahU  showing  the  number  of  days  in  1876  that  the  average  for  the  day  at  Hartford  was  above 

a  given  height. 


Height 

No.  of 
dayn. 

Height 

No.  of 
days. 

Height 

No.  of 
days.! 

1 

Height 

No.  of 
days. 

JANUARY. 

6  feet  and  over.. 

21 

20  feet  and  over. . 

1 
8  1 

8  feet  and  over.. 

1 

7  feet  and  over.. 

21 

21  feet  and  over.. 

2' 

1  foot  and  over. .. 

81 

8  feet  and  over.. 

13 

JULY. 

2  feet  and  over  .. 

81 

9  feet  and  over.. 

12 

HAT. 

3  feet  and  over. . . 

81 

10  feet  and  over.. 

11 

1  foot  and  over.. 

31 

4  feet  and  over... 

31 

11  feet  and  over.. 

10 

1  foot  and  over. . 

81  1 

2  foot  and  over. . 

30 

5  fe<^t  and  over  .. 

81 

12  feet  and  over.. 

9 

2  feet  and  over.. 

311 

3  feet  and  over. . 

11 

6  feet  and  over... 

31 

13  feet  and  over. . 

7 

3  feet  and  over.. 

31 

7  feet  and  oyer... 

24 

,  14  feet  and  over.. 

6 

4  feet  and  over.. 

31 

AUGUST. 

8  feet  and  over  .. 

18 

15  feet  and  over. . 

6 

5  feet  and  over.. 

81 

-9  feet  and  over. .. 

12 

16  feet  and  over. . 

2 

6  feet  and  over.. 

31  1 

1  foot  and  over.. 

28 

10  feet  and  over... 

5 

17  feet  and  over.. 

2 

7  feet  and  over.. 

31  1 

2  feet  and  over. . 

6 

11  feet  and  over  .. 

2 

8  feet  and  over.. 

29l 

APKIL. 

9  feet  and  over. . 

28' 

fiSPTKMBBB. 

FKBKUART. 

10  feet  and  over.. 

27  , 

1  foot  and  over. . 

30 

11  feet  and  over. . 

25 

1  foot  and  over.. 

28 

1  foot  and  over... 

29 

2  feet  and  over.. 

30 

12  feet  and  over.. 

18  1 

2  feet  and  over.. 

15 

2  feet  and  over... 

29 

8  feet  and  over.. 

30 

18  feet  and  over. . 

15  1 

3  feet  and  over... 

29 

4  feet  and  over.. 

30 

14  feet  and  over. . 

12| 

OCTOBKB. 

4  feet  and  over... 

29 

5  feet  and  over.. 

30 

16  feet  and  over. . 

^  1 

5  feet  and  over... 

26 

6  feet  and  over.. 

30 

16  feet  and  over  . 

8l 

1  foot  and  over.. 

30 

0  feet  and  over  . . 

19 

7  feet  and  over.. 

80 

17  feet  and  over.. 

6 

2  feet  and  over.. 

8 

7  feet  and  over... 

17 

8  feet  and  over. . 

30  1 

18  feet  and  over.. 

«! 

8  feet  and  over  .. 

14 

1    9  feet  and  over.. 

30 

19  feet  and  over.. 

i| 

NOVEMBER. 

9  fi^t  and  over 

10 

I  10  feet  and  over.. 

28  , 

i 

10  feet  and  over  .. 

3 

11  feet  and  over.. 

23 

juinc. 

1  foot  and  over.. 

30 

12  feet  and  over. . 

21, 

2  feet  and  over.. 

27 

MABCH. 

13  feet  and  over.. 

19  1 

1  foot  and  over.. 

30' 

8  feet  and  over 

11 

14  feet  and  over.. 

13  1 

2  feet  and  over.. 

^i 

4  feet  and  over.. 

2 

1  foot  and  over. . . 

31 

15  feet  and  over. . 

7  ' 

3  feet  and  over. . 

2  feet  and  over. .. 

31 

16  feet  and  over. . 

0  I 

4  feet  and  over.. 

28  , 

3  feet  and  over  .. 

81 

,  17  feet  and  over.. 

^ 

5  feet  and  over.. 

14 

4  feet  and  over... 

29 

18  feet  and  over.. 

4  ' 

6  feet  and  over.. 

»  1 

1  foot  and  over.. 

28 

6  feet  and  over... 

24 

19  feet  and  over.. 

1 

4 

7  feet  and  over  . 

3 

2  feet  and  over.. 

12 

Totals  for  the  year  from  January  1  to  December  31^  V^6, 


Total  for  twelve  mouths. 


Height 


No.  of, 
da^'s. 


1  foot  and  over. . . 

2  feet  and  over.. . 

3  feet  and  over  . 

4  feet  and  over. . . 

5  feetjuid  ovfizi^ 
0  feet  and  over. . . 


357 
280 
204 
180 
156 
141 


Total  for  twelve  months. '  Total  for  twelve  months.  {'  Total  for  twelve  months. 


Height 


No.  of<! 
days. 


JL 


7  feet  and  over. . 

8  feet  aud  over.. 

9  feet  and  over.. 
10  feet  and  over.. 


126 
105 
92 

74 


etui. 


Height 


No.of^ 
days.  I 


I  12  feet  and  over. 
I  13  feet  and  over 

14  feet  and  over. 
I  15  feet  and  over. 

16  feet  And  over. 


Height 


No.  of 

d%ys. 


48  I  17  feet  and  over 
41  I  18  feet  and  over 
81  'i  19  feet  and  over 


feet  and  over 
21  feet  and  over 


13 
9 
5 
3 
2 
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Table  showing  the  daily  discharge  and  height  of  the  CkmneoHcut  lUver  at  Hartford  from  Jan- 
uary 1  to  December  31,  1877. 


Date. 

Height, 
feet. 

Hmionsof 
cubic  feet 

Bate. 

Height. 

feet 

MfflionBof 
cubic  feet 

Date. 

^^ 

Hinionaof 
cubic  feet 

18T7. 

1877. 

1877. 

Jan.         1 

1.30 

408 

ICftr.      1 

2.87 

702 

Hay      1 

0.88 

3,187 

2 

2.13 

586 

2 

8.07 

741 

2 

0.44 

21991 

3 

L72 

630 

3 

5.38 

1,360 

3 

8.08 

2,767 

4 

1.16 

486 

4 

6.71 

1.480 

4 

a42 

2,545 

5 

1.18 

480 

5 

5.86 

1.540 

5 

7.78 

2,275 

6 

1.65 

481 

6 

6.68 

1,480 

6 

7.26 

^060 

7 

2.78 

685 

7 

5.33 

1,360 

7 

6w60 

1,810 

8 

L97 

666 

8 

484 

1.210 

8 

6w02 

1.'605 

9 

1.08 

661 

9 

6.63 

1,820 

0 

6.55 

i;434 

10 

2.80 

eio 

10 

U.02 

8.718 

10 

6.27 

1,340 

11 

2.15 

680 

11 

12.83 

4,600 

11 

5.08 

1,278 

12 

1.05 

664 

12 

12.33 

4,353 

12 

4.06 

1^246 

18 

2.18 

603 

13 

1L25 

3,826 

18 

4.76 

1 176 

14 

L78 

640 

14 

0.50 

8,057 

14 

4.45 

1^084 

15 

LOB 

584 

15 

7.08 

2,358 

15 

4.19 

1,010 

16 

2.80 

610 

16 

6.82 

1,802 

16 

4.U 

096 

17 

2.05 

675 

17 

&24 

1,675 

17 

4.19 

1,010 

18 

L05 

564 

18 

5.46 

1,404 

18 

4.82 

1^046 

10 

1.87 

655 

10 

5.23 

1,326 

10 

4.36 

XOM 

20 

2.20 

605 

20 

6.06 

1,260 

20 

4.76 

1,176 

21 

L73 

540 

21 

4.55 

1,113 

21 

4.65 

1,145 

22 

1.87 

655 

22 

4.88 

1,214 

22 

4.66 

1^121 

28 

2.08 

900 

28 

5.61 

1,420 

28 

4.60 

1^128 

24 

2.02 

672 

24 

6.21 

1,666 

24 

4.78 

i,m 

25 

1.65 

531 

25 

6.73 

1,8OT 

25 

496 

1^240 

26 

L72 

680 

26 

7.54 

2,175 

26 

6.64 

1^466 

27 

2.1« 

682 

27 

12.68 

4,525 

27 

5.27 

1^340 

28 

2.10 

662 

28 

18.82 

7,007 

28 

444 

Mao 

29 

2.20 

605 

20 

22.12 

10,605 

28 

8.97 

025 

80 

2.32 

612 

30 

22.67 

11,080 

80 

8.61 

863 

81 

2.17 
2.82 

602 

81 
Apr.      1 

20.32 
17.18 

0;284 

31 
June     1 

8.86 
8.12 

805 

17,600 

08,253 

45,374 

Febi         1 

612 

6,862 

751 

2 

2.42 

628 

2 

14.55 

^480 

2 

2.76 

683 

8 

2.67 

667 

8 

iai4 

4,758 

2.32 

613 

4 

2.65 

665 

4 

12.63 

4,500 

2.33 

ei5 

5 

2.72 

676 

5 

11.05 

4,165 

2.37 

620 

6 

2.98 

712 

6 

11.44 

3,018 

2.40 

625 

7 

.    2.66 

665 

7 

10.08 

3,700 

2.45 

632 

8 

2.82 

692 

8 

10.73 

8,581 

a73 

805 

9 

2.90 

708 

9 

10.47 

8,460 

&80 

006 

10 

2.78 

685 

10 

10.00 

8.283 

10 

8.88 

080 

11 

2.58 

662 

11 

9.77 

3,135 

11 

8.73 

801 

12 

2.65 

665 

12 

9.02 

8,205 

12 

8.65 

873 

13 

2.42 

628 

13 

0.81 

8,155 

18 

3.57 

853 

14 

2.27 

605 

14 

0.26 

2,812 

14 

8.40 

814 

15 

2.42 

628 

15 

8.58 

2,615 

16 

3.35 

802 

16 

2.45 

682 

16 

8.34 

2,510 

16 

3.85 

802 

17 

2.68 

661 

17 

8.13 

2,420 

17 

2.87 

701 

18 

1.88 

566 

18 

&10 

2^406 

IB 

2.87 

620 

10 

2.02 

672 

10 

a48 

2,550 

19 

2.76 

682 

20 

2.88 

615 

20 

0.54 

8.045 

20 

2.48 

•620 

.  21 

2.85 

618 

21 

12.11 

4,245 

21 

2.32 

611 

22 

2.58 

645 

22 

13.30 

41880 

22 

2.07 

970 

23 

2.62 

660 

28 

12.87 

4,617 

28 

2.02 

572 

24 

2.97 

720 

24 

11.82 

4,100 

24 

2.01 

970 

25 

3.23 

775 

25 

11.18 

5;  798 

26 

2.32 

612 

26 

2.85 

608 

26 

10.70 

3,610 

26 

2.26 

605 

27 

2.98 

722 

27 

10.60 

3,520 

27 

2.46 

633 

28 

8.02 

730 

28 

10.26 

3,360 

28 

2.85 

617 

20 

0.87 

3,183 

20 

2.36 

618 

80 

0.87 

3,183 

80 

2.61 

641 

18,401 

110,247 

20,007 

Digitized  by  VjOOQIC 


390  REPORT  OF  THE   CHIEF  OF  ENGINEERS. 

Tabh  thawing  the  daily  discharge  and  height  of  th^  ConnecHowt  Biver,  fo, — ^Contmaed. 


Date. 

Height. 

Millionaof 

Date. 

Height, 

MilliouBof 

Date. 

Height, 

MiUionBof 

feet. 

cubic  feet. 

feet 

cubic  feet 

feet 

cubic  feet 

1877. 

1877. 

1877. 

July         1 

2.40 

625 

Sept     1 

a21 

772 

Nov.      1 

4.18 

1,007 

2 

2.09 

582 

2 

2.84 

696 

2 

4.55 

1,U3 

8 

6.02 

1,259 

8 

2.74 

680 

8 

5.35 

1,365 

4 

6.18 

1,727 

4 

2.46 

634 

4 

8.96 

2,780 

5 

6.12 

1,290 

5 

2.68 

669 

6 

&99 

2,794 

6 

5.26 

1,337 

6 

2.68 

660 

6 

9.20 

2,886 

7 

4.46 

1,085 

7 

2.68 

660 

7 

10.27 

8,365 

8 

a82 

913 

8 

3.01 

728 

8 

9.47 

3,005 

9 

8.46 

828 

9 

2.91 

709 

9 

9.52 

3,027 

10 

3.48 

832 

10 

2.96 

718 

10 

13.01 

4,688 

11 

4.05 

966 

11 

a.  87 

702 

11 

14.13 

5,260 

12 

4.43 

1,077 

12 

2.57 

650 

12 

12.80 

4.583 

18 

4.01 

962 

13 

2.29 

609 

18 

11.20 

8,804 

14 

3.59 

858 

14 

1.95 

664 

14 

9.92 

8,204 

16 

3.12 

751 

15 

L87 

655 

15 

8.25 

2,4r2 

16 

2.71 

673 

16 

L68 

634 

16 

7.17 

2.026 

17 

2.48 

637 

17 

1.76 

542 

17 

6.65 

1,821 

18 

2.04 

576 

18 

L65 

530 

18 

6.61 

1,812 

10 

2.23 

600 

19 

1.68 

634 

19 

6.23 

1,6T2 

20 

2.57 

660 

20 

1.82 

629 

20 

6.48 

1,764 

21 

2.76 

683 

21 

1.70 

536 

21 

&44 

1,740 

22 

2.62 

650 

22 

L21 

492 

22 

6.20 

1.660 

28 

3.10 

748 

28 

L46 

512 

28 

6.75 

1,866 

24 

2.82 

693 

24 

1.87 

583 

24 

5.58 

i;445 

26 

2.62 

660 

25 

2.09 

681 

25 

5.72 

1,402 

26 

2.62 

660 

26 

1.77 

543 

26 

8.13 

2,420 

27 

2.54 

647 

27 

L76 

542 

27 

9.30 

21030 

28 

2.48 

630 

28 

LOO 

566 

28 

■      9.05 

2.820 

29 

2.28 

605 

29 

L87 

655 

29 

&50 

2^580 

80 

<    2.40 

625 

80 

1.68 

634 

80 

a  14 

21424 

31 

2.49 
a  59 

638 

Oet       1 

1.82 

Dea      1 

7.78 

26,475 

18,089 

76,825 

Aug.         1 

858 

500 

2,258 

2 

4.79 

1,186 

2 

1.15 

486 

2 

7.14 

2.015 

8 

4.09 

988 

8 

L98 

662 

3 

a38 

1,727 

4 

8.21 

771 

4 

2.21 

596 

4 

6.12 

i;680 

6 

2.68 

670 

6 

2.43 

629 

6 

aoo 

1,588 

6 

2.48 

630 

6 

a38 

809 

6 

6.99 

i:&85 

7 

2.56 

649 

7 

8.68 

880 

7 

ai9 

1,656 

8 

2.57 

650 

8 

8.44 

823 

8 

aoo 

1.810 

9 

2.54 

646 

9 

a98 

940 

9 

a  42 

2,645 

10 

2.66 

665 

10 

3.52 

841 

10 

9.91 

8.200 

11 

2.68 

069 

11 

4.29 

1,038 

11 

9.08 

2.834 

12 

2.48 

637 

12 

4.21 

1.015 

12 

7.72 

2,250 

13 

2.73 

677 

13 

8.52 

840 

18 

aoo 

1,810 

14 

2.87 

701 

14 

8.91 

935 

14 

5.88 

1^548 

15 

2.68 

669 

16 

4.21 

1,015 

15 

5.83 

i,as9 

16 

2.43 

630 

16 

4.24 

1,024 

16 

4.88 

1.200 

17 

2.18 

598 

17 

8.99 

965 

17 

4.67 

1.160 

18 

2.35 

617 

18 

a54 

822 

18 

4.60 

r,155 

10 

2.37 

620 

19 

8.71 

880 

19 

4.98 

1,246 

20 

2.49 

689 

20 

8.93 

940 

20 

4.66 

i;i44 

21 

2.62 

660 

21 

4.67 

1,019 

21 

4.53 

1.106 

22 

2.99 

723 

22 

5.94 

1,566 

22 

4.47 

ilooo 

23 

2.68 

670 

23 

&79 

1,880 

28 

4.82 

1,045 

24 

2.65 

664 

24 

6.77 

1.874 

24 

4.40 

1,070 

25 

2.40 

626 

26 

&02 

1,506 

25 

4.19 

1,010 

26 

2.48 

630 

26 

6.85 

1.365 

26 

4.06 

074 

27 

2.29 

609 

27 

4.96 

1,240 

27 

aoo 

832 

28 

2.48 

637 

28 

4.82 

1,106 

28 

a  63 

868 

29 

8.36 

806 

29 

6.02 

1,260 

29 

a68 

888 

80 

3.84 

918 

80 

4.79 

1,185 

80 

a  70 

884 

81 

8.54 

846 

81 

4.36 

1,057 

81 

a  47 

830 

22,946 

81,772 

46,882 
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1877. 


Jannairy  . 
FebmaiT 
March... 
April.... 

May 

Jnne 

July 


Cubic  feel 


17,600, 
18, 401, 
98,253, 
110, 247, 
45,874, 
20,907, 
26,475. 


000,000 
000,000 
000.000 
000,000 
000,000 
000.000 
000,000 


1877. 


Angnst  — 
September . 
October  — 
Xovember 
December. . 

Total 


Cable  feet 


22. 946,  000. 000 
18, 080, 000. 000 
81, 772, 000, 000 
75, 825,  000, 000 
46, 382,  000, 000 


626, 261, 000, 000 


Table  showing  the  number  of  days  in  1877  that  the  average  for  the  day  at  Martford  was  above 

a  given  height. 


Height 

No.of 
days. 

Height 

No.of 
days. 

Height 

No.  of 
day.. 

Height 

No.of 
days. 

JAKUABT. 

21  feet  and  over.. 

2 

9  feet  and  over. . . 

2 

2  feet  and  over. . 

28 

22  feet  and  over.. 

2 

8  feet  and  over.. 

26 

1  foot  and  over... 

31 

JUNB. 

4  feet  and  over. . 

15 

2  feet  and  over... 

15 

APBIL. 

5  feet  and  over.. 

6 

1  foot  and  over. . . 

30 

6  feet  and  over.. 

3 

1  foot  and  over.. 

30 

2  feet  and  over. . . 

80 

2  feet  and  over. . 

30 

I  8  feet  and  over... 

10 

HOVBMBBB. 

1  foot  and  over... 

28 

3  feet  and  over. . 

80 

1  foot  and  over. . 

2  feet  and  over.. 

3  feet  and  over.. 

4  feet  and  over.. 
6  feet  and  over.. 

6  feet  and  over. . 

7  feet  and  over. . 

8  feet  and  over.. 

9  feet  and  over.. 

10  feet  and  over. . 

11  feet  and  over.. 

12  feet  and  over. . 
18  feet  and  over.. 
14  feet  and  over.. 

30 
30 
30 
30 
28 
25 
18 
17 
11 
5 
4 
3 
2 
1 

2  feet  and  over... 

27 

4  feet  and  over. . 

80 

JULT. 

3  feet  and  over... 

2 

6  feet  and  over. . 

30 

6  feet  and  over.. 

30 

1  foot  and  over. . . 

81 

MABCH. 

7  feet  and  over. . 

30 

2  feet  and  over... 

81 

8  feet  and  over. . 

80 

3  feet  and  over... 

14 

1  foot  and  over... 

81 

9  feet  and  over. . 

25 

4  feet  and  over. . . 

8 

2  feet  and  over. . . 

81 

10  feet  and  over. . 

18 

'  5  feet  and  over. . . 

4 

3  feet  and  over... 

80 

11  feet  and  over.. 

n 

,  6  feet  and  over... 

1 

4  feet  and  over... 

29 

12  feet  and  over. . 

7 

5  feet  and  over... 

26 

13  feet  and  over.. 

4 

AUOUBT. 

6  feet  and  oyer... 

17 

14  feet  and  over. . 

2 

7  feet  and  over... 

12 

15  feet  and  over.. 

1 

1  foot  and  over. . . 

81 

Sfeet  and  over... 

10 

16  feet  and  over. . 

1 

2  feet  and  over. . . 

81 

•  feet  and  over... 

10 

17  feet  and  over.. 

1 

3  feet  and  over. . . 

7 

10  feet  and  over. . . 

9 

4  feet  and  over. . . 

2 

U  feet  and  over... 

9 

MAT. 

12  feet  and  over... 

7 

SBPTBMBBB. 

1  foot  and  over.. 

31 

13feet  and  over... 

4 

1  foot  and  over. . 

31 

2  feet  and  over.. 

31 

14feet  and  over... 

4 

2  feet  and  over. . 

81 

1  foot  and  over... 

80 

8  feet  and  over.. 

31 

15  feet  and  over... 

4 

3  feet  and  over.. 

81 

2  feet  and  over. . . 

14 

4  feet  and  over.. 

26 

16  feet  and  over... 

4 

4  feet  and  over. . 

28 

8  feet  and  over. . . 

2 

5  feet  and  over.. 

15 

17  feet  and  over... 

4 

5  feet  and  over. . 

13 

6  feet  and  over.. 

12 

IBfJMiandover. .. 

4 

6foetandover.. 

8 

OCTOBBB. 

7  feet  and  over.. 

6 

19  feet  and  over... 

3 

7  feet  and  over  . 

6 

8  feet  and  over.. 

3 

20  feet  and  over... 

8 

8  feet  and  over. . 

4 

1  foot  and  over. . . 

31 

9  feet  and  over.. 

2 

Totals  for  the  year  from  January  1  to  December  31, 1877. 


Total  for  twelve  months. 

Total  for  twelve  months. 

Total  for  twelve  months. 

Total  for  twelve  months. 

Height 

No.  of 
days. 

Height 

Ko.of 
days. 

Height 

No.  of 
days. 

Height 

No.  of 
days. 

1  foot  and  over. . 

2  feet  and  over. . 

3  feet  and  over. . 

4  feet  and  over.. 

5  feet  and  over. . 

6  feet  and  over.. 

865 
329 
213 
168 
122 
96 

7  feet  and  over. . 

8  feet  and  over.. 

9  feet  and  over  . 

10  feet  and  over.. 

11  feet  and  over. . 

12  feet  and  over.. 

72 
64 
50 
32 
24 
17 

13  feet  and  over. . 

14  feet  and  over. . 
16  feet  and  over. . 

16  feet  and  over. . 

17  feet  and  over.. 

10 
7 
6 
5 
6 

18  feet  and  over.. 

19  feet  and  over.. 

20  feet  and  over.. 

21  feet  and  over.. 

22  feet  and  over.. 

4 

3 
3 
2 
2 
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APPENDIX  C. 


AKKUAL   BEPORT   OF  MAJOE  J.  W.  BARLOW,  CORPS    OP 
BNGINEEBSjFOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1878. 

Engineeb  Office,  United  States  Abmt, 

.  jyiwe?  Londony  Conn.y  July  13, 1878. 
Genebal  :  I  have  the  honor  to  transmit  herewith  the  reports  of  river 
and  harbor  works  in  my  charge  for  the  fiscal  year  ending  June  30, 1878. 
Very  respectftdly,  your  obedient  servant, 

J.  W.  Baelow, 
Major  of  EnffineerSy  U.  8.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Ihigimersy  TJ.  8.  A. 


C  1. 

IMPROVEMENT  OF  8T0NINGT0N  HABBOE,  CONNECTICUT. 

There  being  no  appropriation,  the  improvement  of  this  harbor  was 
suspended  during  the  past  fiscal  year. 

llie  importance  of  completing  the  breakwater,  designed  as  a  protec- 
tion both  to  the  local  commerce  of  the  harbor  and  to  passing  vessels, 
in  stress  of  weather,  has  been  discussed  and  acknowledged,  and  it  is 
but  necessary  to  refer  to  previous  reports  on  this  subject. 

The  present  plan  of  improvement  was  adopted  by  the  Board  of  Engi- 
neers convened  to  investigate  the  whole  question,  and  received  the  ap- 
proval of  the  department ;  the  proceedings  of  the  board  appearing  in 
the  Annual  Report  of  the  Chief  of  Engineers  for  1876. 

As  stated  in  the  report  for  1877  an  appropriation  of  $25,000  has  been 
expended  toward  executing  this  project. 

Previous  appropriations  had  been  devoted  to  the  removal  of  Penguin 
Shoal,  in  order  to  facilitate  the  entrance  of  vessels  to  the  inner  harbor, 
and  to  extend  the  area  of  that  anchorage-ground. 

The  increased  depth  of  water  thus  gained  allows  a  heavy  sea  swell  to 
reach  the  upi>er  harbor,  to  the  annoyance,  at  times,  of  vessels  lying  at  the 
docks. 

The  completion  of  the  breakwater  off  Wampassett  Point  will  no  doubt 
largely  prevent  this ;  but  its  chief  office  will  be  found  in  the  protection 
afforded  to  the  general  commerce  of  the  sound,  inasmuch  as  a  secure 
harbor  of  refuge  will  be  obtained  at  the  extreme  eastern  end  of  Fisher's 
Island  Sound,  where  coasting  vessels  can  find  shelter  during  storms,  and 
whence  they  can  immediately  reach  the  open  sea.  With  the  present 
appropriation  it  is  proposed  to  carry  on  the  construction  of  the  break- 
water as  far  as  the  fimds  will  permit.  At  the  present  low  prices  for 
riprap  granite,  it  is  hoped  that  a  length  of  about  600  linear  feet  can  be 
added. 
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In  the  original  design  there  was  provision  for  a  coping  of  heavy  stone. 
This  coping  has  been  omitted  from  the  section  already  built,  and  thus 
far  no  necessity  is  seen  for  adding  it.  A  great  saving  will  result  fix)m 
dispensing  with  it  altogether,  and  it  is  recommended  that  until  it  shall 
be  found  necessary  the  coping  be  omitted. 

The  following  amounts  have  been  appropriated  for  the  improvement 
of  this  harbor: 

March  3,  1873,  dredging  between  old  breakwater  and  steamboat  docks. . .  |25, 000  00 

June  23,  1874,  dredging  on  Penguin  Shoal 20,000  00 

March  3,  1875,  commencement  of  breakwater  off  Wampassett  Point 25,000  00 

June  18,  1878,  continuing  breakwater  off  Wampassett  Point 40, 000  00 

Estimate  of  June,  1875,  fer  executing  approred  project 231, 000  00 

Stonington  is  a  port  of  entry  for  the  Stonington  collection  district.  There  is  a  light- 
house on  Stonington  Point,  and  a  light-ship  2  miles  southwest  of  Wampassett  Point. 
Fort  Trumbull  is  12  miles  distant. 

The  following  statistics  have  been  received  from  Capt.  George  Hubbard, 
collector  of  customs : 

Number  of  foreign  vessels  arrived  firom  foreign  ports 1 

Number  of  foreign  vessels  cleared  for  foreign  ports 1 

American  vessels  arrived  from  foreign  ports ; 2 

American  vessels  cleared  for  foreign  ports 2 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal 

year  ending  June  30, 1878 633 

Total  tonnage 1,079,185 

Estimated  value  of  cargoes  received $22,378,440 

Estimated  value  of  cargoes  exported $21,940,000 

Number  of  vessels  of  all  classes  entering  the  harbor  for  refuge  during  the 

year 2,250 

Number  of  vessels  passed  light-ship 21,430 

Draught  of  vessels  using  tms  harbor,  from  3  to  14  feet. 

COIXECnONS. 

Duties  on  imports $206  42 

Hospital  tax - 787  36 

Miscellaneous  receipts , 639  86 

1,633  64 
MoTiey  statement. 

July  1,  1877,  amount  available |44  63 

Amount  appropriated  by  act  approved  June  18, 1878 40, 000  00 

July  1, 1878,  outstanding  liabilities '  40  00 

July  1,  1878,  amount  available 40,004  63 

Amount  (estimated)  reauired  for  completion  of  existing  project 166, 536  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  euduig  June  30, 1880 .      75, 000  00 


C  2. 

IMPROVEMENT  OF  THAMES  RIVER,  CONNECTICUT. 

Since  the  expenditure  of  the  appropriation  made  in  1872  for  dredging, 
no  work  has  been  done  on  this  improvement. 

The  plan  then  completed  provided  for  the  excavation  of  a  channel  100 
feet  wide  and  11  feet  deep  at  mean  low-water  through  the  shoals  obstnict- 
ing  the  river  at  firequent  intervals  between  the  cify  of  J^^orwioh  and  In- 
dian Point,  about  3  miles  below. 

Since  the  completion  of  this  work  freshets  in  the  upper  tribatariea 
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have  brought  down  additional  material,  which  hag  been  deposited  as 
before. 

These  facts  were  presented  in  my  letter  of  Febraary  3, 1877,  and  in  the 
annual  report  for  that  year  an  appropriation  of  $6,000  was  requested 
with  which  to  make  an  examination  of  the  shoals  and  to  commence 
dredging. 

Congress  at  the  last  session  directed  an  examination  of  this  river  to  be 
made  under  the  general  appropriation  for  "examinations  and  surveys," 
&c.,  and  also  appropriated  |lO,000  for  improving  the  river. 

Under  the  above  authority  the  necessary  surveys  for  the  preparation 
of  estimates  of  cost  of  improvement  have  been  made,  and  a  map  is  now 
in  process  of  construction  to  be  forwarded  as  soon  as  completed. 

From  the  examination  it  is  found  that  the  river  since  1872  has  shoaled 
nearly  the  entire  length  of  the  dredged  channel,  a  distance  of  about  3 
miles.  The  depth  at  mean  low- water  where  the  deposits  have  occurred 
now  varies  from  8  to  11  feet,  and  on  the  Middle  Ground  near  Norwich 
the  depth  is  but  5  feet. 

It  is  believed  that  a  large  portion  of  this*  deposit  is  brought  from  the 
adjoining  dumping-grounds  which  are  washed  by  the  current  of  the  river 
during  freshets.  This  consideration,  together  with  the  difficulties  at- 
tending a  frurther  deposit  of  material  at  the  sides  of  the  river  behind  the 
wing-dams,  has  led  to  the  determination  to  abandon  those  dumping- 
grounds  and  rely  upon  transporting  the  dredged  material  below  the 
mouth  of  the  river.  The  towage  will  be  long,  about  14  miles,  but,  every- 
thing considered,  it  is  believed  this  method  of  disposing  of  the  material 
wiU  finally  prove  most  economical. 

A  communication  from  citizens  of  Norwich,  a  copy  of  which,  with  ac- 
companying statistics^  is  added  to  this  report,  presents  the  impjortance 
of  improving  the  navigation  of  this  river,  and  urges  the  adoption  of  a 
depth  greater  than  was  given  by  the  plan  executed  in  previous  years. 
In  consideration  of  the  fact  that  the  mean  rise  and  fall  of  tide  in  this 
part  of  the  river  is  but  3.1  feet,  a  depth  of  14  feet  at  mean  low-water 
would  afford  no  better  facilities  tor  navigation  than  11  feet  at  many  har- 
bors on  tiie  sound,  where  the  tidal  variation  is  much  greater. 

Following  are  estimates  for  dredging  in  this  section  of  the  river  under 
the  two  plans  considered : 

1st.  To  make  the  channel  fix)m  Indian  Point  to  Norwich  100  feet  wide  and  11  feet 
deep  at  mean  low-water  will  require  the  removal  of  132,000  cubic  yards  of  material,  at 
30  cents  per  yard,  |39,600. 

2d.  To  excavate  a  channel  of  same  width  to  a  depth  of  14  feet  at  mean  low-water 
would  require  the  removal  of  300,000  cubic  yards,  at  25  cents  per  yard,  ^5,000. 

The  lower  rate  for  dredging  under  the  second  plan  is  based  on  the 
fact  that  this  depth  will  give  a  better  working  &bce,  and  the  supposition 
that  the  annual  exx>enditures  will  be  larger  than  under  the  first  plan. 

With  the  sum  now  available  it  is  not  considered  expedient  to  attempt 
a  greater  depth  than  11  feet,  and  it  is  proposed  to  expend  these  funds 
in  dredging  at  the  shoalest  places,  with  a  view  to  the  immediate  wants 
of  navigation.  I  would,  however,  recommend  to  favorable  consideration 
the  second' plan,  to  b^  carried  into  execution  under  future  appropriations. 

The  following  sums  have  been  appropriated  for  tiie  improvement  of 
this  river: 
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Expended  for  wing-dams : 

1836 110,000  00 

1837 20,000  00 

1838 10,000  00 

Expended  for  dredging : 

1866-^67 82,000  00 

1871 15,000  00 

1872..... 10,000  00 

1878 10,000  00 

157, 000  00 

Following  are  the  commimications  and  statistics  above  mentioned. 


COMMERCIAL  STATISTICS. 

Norwich,  July  11,  1878. 

Sir:  The  undersigned  citizens  of  Norwich,  learning  that  you  have  in  charge  the 
expenditure  of  the  910,000  appropriated  hy  Conflp'ess  at  its  recent  session  for  the  im- 
provement of  the  river  Thames,  would  respectfully  represent  that  for  the  purpose  of 
protecting  and  advancing  the  commercial  interests  of  the  city  of  Norwich  it  is  vitally 
important  that  the  navigation  of  the  river  Thames  should  be  immediately  improved. 

This  can  only  be  done  by  deepening  the  channel  of  said  river  where  it  is  less  than 
14  feet  in  depth,  as  it  is  in  many  places  between  the  wharves  of  said  city  and  the  navy- 
yard,  on  the  east  bank  of  said  river,  and  at  certain  points  widening  the  same. 

There  are  several  lines  of  steam  and  sail  vessels  constantly  plying  between  the  city 
of  Norwich  and  foreign  and  domestic  ports.  Said  city  is  also  constantly  visited  by 
transient  vessels.  Many  vessels  are  engaged  in  the  importation  of  West  India  ^oodjs 
and  other  descriptions  of  merchandise,  and  in  the  exportation  of  large  quantities  of 
American  products,  and  coasting- vessels  are  busy  in  bringing  to  Norwich  large  sup- 
plies of  cotton,  lumber,  coal,  iron,  flour,  grain,  and  provisions  of  all  descriptions, 
which  articles  are  earned  into  the  interior  by  railroads  and  distributed  not  only 
through  Connecticut,  but  to  very  many  of  the  cities  and  manufacturing  towns  of  New 
England. 

.  It  may  be  important  to  state  the  fact  that  fUUy  90  per  cent,  of  the  duties  received  at 
New  London  for  this  collection-district  is  paid  oj  Norwich  merchants.  We  also  sub- 
mit with  this  communication  certain  statistics  which  corroborate  in  part  the  statements 
which  we  have  made. 

(Signed  by  H.  H.  Osgood,  Mayor,  city  ofNormoh,  and  sixty-six  others.) 

Col.  J.  W.  Barlow, 

Corps  ofEngineerSy  U.  8.  A. 


STATEMENT    OF    MERCHANDISE    RECEIVED    BY  THE    NORWICH    AND  WORCESTER  RAIL- 
ROAD AT  THidR  DOCKS  IN  NORWICH   FOR  TEAR  ENDING  MAY  30,   1878. 

Three  hundred  and  seventy-five  vessels  coal,  sand,  steel,  &c.,  115,000  tons.  Aver- 
age 300  tons  burden ;  40,000  tons  promiscuous  freight ;  cotton,  wool,  rags,  flour,  &o., 
40,000  tons. 

We  receive  vessels  at  AUyn's  Point  "with  coal  principally"  7  miles  below  with  12, 14, 
and  15  feet  draught  of  water,  which  would  come  to  Norwich  if  depth  of  water  would. 

germit,  thereby  receiving  greater  dispatch  and  increasing  the  volume  of  coal-carrying 
nsiness  which  is  driven  to  other  routes  in  consequence  of  not  being  able  to  charter 
carrying  craft  of  proper  draught  of  water  for  Norwich. 

There  is  received  here  by  dealers  in  coal  and  lumber,  brick,  &c.,  as  follows:  100,000 
tons  of  coal,  from  2,000,000  to  4,000,000  feet  of  lumber,  and  2.000,000  brick  and  over, 
and  other  merchandise,  such  as  flour,  grain,  and  feed,  whicn  cannot  be  accurately 
estimated,  but  will  oount  in  aggregate  very  largely,  and  amount  to  a  great  many  thou- 
sand tons. 

Geo.  a.  Harris. 

Freight  Agent,     . 


STATEMENT  OF   MESSRS.  J.  M.  HUNTINGTON  A  CO.,  NORWICH,  CONN.,  JULY,   1878. 

Average  cargoes  from  foreign  ports  yearly,  16.    Amounts  in  hogsheads  sugar  and 
molasses  imported  into  district  of  New  London  fully  5,000  ,*  other  imports,  some  SX)  tons. 
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BXFORTS. 

Average  11  to  12  ontward  cargoes  of  nearly  all  American  produce,  such  as  flour, 
meal,  provisions,  and  coojier  stocKs,  cotton  eoods,  and  also  about  200  tons  foreign  rice; 
average,  four  vears.  Coastwise  they  annually  receive  2,000  tons  coal ;  scrap-iron,  ore 
sand,  &c.,  2,000  tons,  and  ship  from  their  mill  about  12,000  tons  iron  yearly.  They  pay 
fully  90  per  cent,  of  tne  duties  received  in  the  district ;  average  four  years  over  $60,000, 
some  years  over  $80,000.  Have  the  only  bonded  warehouse  in  the  district,  and  have 
more  wharf-room  and  water-front  than  any  private  firm  in  the  district. 

J.  M.  Huntington  &  Co. 

My  attention  has  been  called  to  a  recently  established  channel  of 
commerce  through  New  London  Harbor,  including,  at  the  terminus  of 
the  New  London  Northern  Bailroad,  extensive  wharf  accommodations, 
which  have  been  built  as  a  connecting  link  between  certain  raikoaa 
lines  and  ocean  transportation. 

A  petition  emanating  from  responsible  business  firms  of  New  London 
and  Norwich,  a  copy  of  which  follows,  sets  forth  the  desirability  of  im- 
proving this  channel  of  communication  by  the  removal  of  certain  rocks 
now  impeding  navigation. 

PETITION. 

New  London,  Conn.,  July  1, 1878. 

Sir  :  The  undersized,  interested  in  commerce  and  navigation  in  and  about  New 
Loudon,  Conn.,  desire  to  caU  your  attention  to  the  existence  in  the  riyer  Thames  near 
the  large  wharf  in  New  London,  lately  built  by  the  New  London  Northern  Railroad 
Company,  of  sundry  single  rocks  or  bowlders  at  the  bottom  of  the  river,  covered  by 
not  more  than  9  feet  of  water  at  low  tide,  and  so  situated  as  to  be  impediments  to  the 
safe  navigation  of  the  river  at  that  point. 

This  wharf  has  been  built  at  a  cost  of  |175,000,  has  an  area  of  more  than  4  acres, 
and  nearly  one-half  mile  of  water  frontage,  part  of  which  is  obstructed  by  the«e  rocks 
aa  to  its  approaches. 

This  wharf,  by  means  of  the  railroad  connections  of  the  New  London  Northeni  Rail- 
road, brings  better  tide- water  facilities  to  a  large  portion  of  New  England  than  are  to 
be  had  elsewhere.  To  us  it  seems  that  the  aid  of  the  government  may  be  fairly 
invoked  for  the  clearance  of  these  obstructions,  and  we  respectfully  request  you  to 
make  an  examination  of  the  premises,  with  a  view  to  recommending  such  action  by 
the  government  as  may  seem  to  you  reasonable  and  called  for  on  public  considerations. 
Respectfully,  yours, 

C.   A.  WlUJAMS  Sl  Co.,   AND  OTmSRS. 

Col.  J.  W.  Barlow, 

Carps  of  &^neers,  U,  S,  A, 

In  response  to  this  petition  an  examination  of  the  locality  in  question 
ha^  been  made  and  the  facts  as  stated  verified. 

The  wharf  is  certainly  a  magnificent  structure,  of  vast  proportions, 
immense  water  frontage,  and  thoroughly  built.  The  main  channel  of 
the  Thames  Eiver  with  a  depth  of  from  5  to  6  fathoms  flows  but  a  few 
hundred  feet  east  of  it,  and  suf&cient  water  has  been  provided  in  its 
immediate  vicinity. 

A  shoal  containing  bowlders  was  found  midway  between  the  river- 
channel  and  the  wha^.  This  is  a  serious  obstacle  and  should  be  re- 
moved.   The  following  estimates  are  presented : 

1.  To  remove  the  shoal  and  bowlders  to  a  depth  of  16  feet  at  mean  low- 
wat«r  wiU  require  the  excavation  of  125  cubic  yards  of  bowlders,  at  $5 

per  yard $625  00 

37,000  cubic  varda  of  gravel  and  mud,  at  15  cents  per  yard 5,550  00 

Add  for  contingencies 625  00 

6,800  00 

It  is  recommended  that  this  work  be  included  in  the  general  project 
for  improving  the  Thames  Biver,  and  the  above  sum  from  the  next 
appropriation  be  exi>ended  in  its  execution. 
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SUMMA.RT    OF    ESTIMATES    RECOMMENDED    FOR   THE    IMPROVEMENT    OF    THE    THAMES 

RIVER. 

Dreilgin^  channel  100  feet  wide  to  a  depth  of  14  feet  at  mean  low- water 

from  Indian  Point  to  Norwich |75,  000  00 

Removal  of  shoals  near  New  London  and  Northern  Railroad  wharf 6, 800  00 

Total 81,800  00 

Mr.  John  A.  Sibbits,  collector  of  customs  for  the  portof  Kew  London, 
in  presenting  the  following  statistics,  remarks : 

It  is  impossible  to  state  the  draught  of  water  or  the  nnmber  of  vessels  of  aU  classes 
entering  the  harbor  during  the  year.  I  can  state,  however,  from  observation,  that  fre- 
quently, in  heavy  weather,  from  100  to  150,  or  even  a  larger  number  of  vessels  seek 
refuge  in  this  harbor. 

I  would  also  state,  in  answer  to  your  inquiry,  that  in  my  Judgment  further  harbor 
improvements  woula  tend  to  the  increased  use  of  the  harbor  for  commercial  purposes 
generally. 

COLLECTIONS. 

Duties  on  imports $70,820  63 

Tonnage  dues " 585  90 

Hospital  tax 1,848  83 

Miscellaneous  receipts 4, 101  10 

77,356  46 

Number  of  foreign  vessels  arrived  from  foreign  ports 14 

Number  of  foreign  vessels  cleared  for  foreign  ports 10 

American  vessels  arrived  from  foreign  ports 19 

American  vessels  cleared  for  foreign  ports 10 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal  year 

ending  June  30, 1878 84 

Total  tonnage  of  the  district  (193  vessels) tons..      20, 134.74 

Estimated  value  of  cargoes  imported $255, 987  92 

Estimated  value  of  cargoes  exported 75,390  00 

New  London,  near  the  mouth  of  the  Thames  River,  is  a  port  of  entry. 

Forts  TrumbuU  and  Griswold,  near  the  mouth  of  the  river,  command  the  channel. 

The  New  London  light-house  is  situated  at  the  entrance,  on  the  west  shore. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $10,000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 81, 800  00 

Amount  that  can  be  profitably  expended  in  fisqal  year  ending  June  30, 1880.  25,  000  00 


C3. 

IMPROVEMENT  OF  NEW  HAVEN  HARBOR,  CONNECTICUT. 

Ko  work  has  been  done  at  this  harbor  during  the  past  fiscal  year^  as 
no  appropriation  wa^  made  at  the  previous  session  of  Congress. 

With  the  funds  appropriated  at  the  last  session,  the  channel  between 
Fort  Hale  and  Long  Wharf  will  be  deepened  to  16  feet  at  mean  low- 
water,  and  widened  flpom  200  to  about  325  feet. 

This  improvement  will  afford  great  relief  to  the  shipping  interests, 
as  it  will  permit  an  increased  number  of  vessels  to  anchor  below  the 
wharves  without,  as  formerly,  imx)eding  the  passage  of  vessels  to  and 
firom  the  upper  harbor. 

New  Haven  being  the  largest  city  in  Connecticut,  and  one  of  the 
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largest  xK>rts  in  Kew  England^  its  commercial  importance  justifies  the 
recommendation  that  greater  facilities  than  are  at  present  afforded  be 
provided  by  the  government  for  its  commerce,  and  in  this  connection  I 
would  respectftdly  refer  to  the  Annual  Report  of  the  Chief  of  Engineers 
for  1875,  Appencfix  Z.  In  this  report  reference  is  made  to  a  memorial 
presented  to  the  members  of  Congress  from  Connecticut  by  the  harbor 
commissioners  and  a  committee  of  the  Board  of  Trade  of  Kew  Haven, 
in  which  is  set  forth  the  desirability  of  enlarging  the  ship-channel  of 
the  harbor  and  providing  by  means  of  a  breakwater  at  the  entrance, 
secure  anchorage  for  the  general  shipping  of  Long  Island  Sound. 

This  memorial,  with  accompanying  papers,  was  printed  as  House  Ex. 
Doc.  No.  162,  Forty-third  Congress,  second  session,  and  contains  a  large 
amount  of  valuable  information  relating  to  the  commercial  statistics  of 
^ew  Haven. 

In  referring  to  the  arguments  therein  given,  I  respectfully  renew  my 
recommendation  that  the  subject  receive  favorable  consideration.  As 
a  harbor  of  refuge  its  position  renders  it  especially  desirable.  Being 
about  midway  between  Throg's  iN'eck  and  the  Thames  River  and  oppo- 
site the  widest  and  most  dangerous  x)ortion  of  the  Sound,  a  breakwater 
here  would  afford  a  convenient  stopping  place  for  that  immense  and  in- 
creasing traffic  carried  on  by  means  of  barges  ill  adapted  to  withstand 
the  severity  of  the  storms  which  frequently  occur  on  the  Sound.  This 
class  of  commerce  has  grown  rapidly  during  the  past  few  years  and 
would  probably  receive  a  fre«h  impetus  by  increasing  its  security  through 
the  provision  of  frequent  safe  resting  places  along  its  routes. 

The  argument  has  been  advanced  that  a  breakwater  in  the  vicinity 
of  Light  House  Point  would  so  concentrate  and  strengthen  the  ebb 
tide  as  to  produce  a  material  scouring  effect  on  the  bar  below  Fort  Hale. 
Should  thlsL  theory  prove  correct  the  construction  of  the  breakwater 
would  result  in  a  diminished  expenditure  for  dredging,  and  as  this  would 
occur  at  that  part  of  the  harbor  where,  ftt)m  the  natiire  of  the  deposit, 
frequent  dredging  is  to  be  expected,  the  aggregate  saving  would  be  of 
great  importance. 

Estimates  were  made  in  January,  1875,  for  a  breakwater  at  the  mouth 
of  the  harbor  to  cost,  according  to  location,  from  $248,000  to  $465,000, 
and  for  enlarging  the  main  ship-channel  to  the  city,  depending  upon 
the  plan  adopted,  from  $208,000  to  $416,000. 

Should  these  plans  meet  with  approval,  it  is  recommended  that  work 
on  the  breakwater  be  undertaken  at  an  early  date,  and  for  this  purpose 
an  appropriation  of  $100,000  could  be  profitably  expended  during  the 
next  fiscal  year. 

The  following  amounts  have  been  appropriated  for  the  improvement 
of  this  harbor  since  1866 : 

Jnlyll,  ISrO fl5,000  00 

March  3,  ISn .........: 40,000  00 

June  10,  1872 20,000  00 

March  3,  1873 25,  000  00 

March  3,  1875 10,000  00 

June  18,  1878 25,000  00 

135, 000  00 

New  Haven  is  the  port' of  entry  for  the  collection-district  of  New  Haven ;  the  amount 
of  revenue  collected  during  the  year  ending  June  30,  1878,  was  $290,233.10. 

There  is  a  light-house  on  Southwest  Ledge,  at  the  mouth  of  the  harbor.  Fort  Hale,  2 
miles  below  the  city,  on  the  east  shore,  commands  the  channel  entrance. 


Digitized  by  VjOOQIC 


400  BEPOBT  OF  THE  CHIEF  OF   ENGINEEBS. 

GOMMEBOIAL  STATI8TI0S. 

The  collector  of  the  port  presents  the  following  letter  and  statistics: 

CusTOM-HousB,  New  Haven,  Conk., 

ColleoUn^9  Offloe,  July  11,  187a 

Sir: 

•  •  •  #  •  •  « 

In  reference  to  the  effect  of  the  farther  improvement  of  the  harbor  I  have  the  honor 
to  say  that  in  my  judgment  the  commerce  of  New  Haven  would  be  very  largely  in- 
creased within  a  few  years  if  the  channel  was  widened  and  the  sand-bars  removed,  so 
that  larger  vessels  could  come  to  the  dock. 

The  importance  of  the  harbor  as  a  place  of  refuge  can  hardly  be  increased,  since  it 
is  eagerly  sought  now,  but  its  security  would  be  increased  by  a  breakwater,  and  there 
is  no  more  important  point  in  reference  to  the  security  of  vessels  than  this  in  the  Sound. 
Very  respectfully,  yours, 

Cyrus  Northrup. 
J.  W.  Barlow, 

M(0or  of  JSnffi$ieer8f  Brewt  lAmttenant-Colonely  U.  3.  X 

COIXECnONS. 

Duties  on  imports |S82,267  58 

Tonnage  dues 1,593  70 

Hospital  tax 2,102  36 

Miscellaneous  receipts 4,269  46 

290,233  10 

No.  of  foreign  vessels  arrived  firom  foreign  iK)rt8 32 

No.  of  foreign  vessels  cleared  for  foreign  ports 17 

American  vessels  arrived  from  foreign  ports 49 

American  vessels  cleared  for  foreign  ports 19 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fis- 
cal year  ending  June  30,  1878 1,583 

Total  tonnage 1,091,459 

Estimated  value  of  cargoes  received , #1,053,159 

Estimated  value  of  cargoes  exported $3,568,741 

Draught  of  vessels  frequenting  the  harbor 10to20ieet. 

No.  of  vessels  of  all  classes  entering  the  harbor  for  refuge  during  the  year 

(estimated) 8,000 

Through  the  courtesy  of  a  number  of  persons,  the  following  informa- 
tion relating  to  the  commerce  of  Long  Island  Sound,  and  beting  uxK)n 
the  subject  of  a  harbor  of  refuge,  has  been  received. 

The  keeper  of  the  Bartlett's  Reef  lightship  reports  the  following  ves- 
sels as  having  passed  the  reef  during  tiiie  year  ending;  June  30, 1878 : 

Steamers 7,951 

Sloops 7,631 

Schooners 21,078 

Brigs 327 

Barks 143 

Ships 17 

Barges  in  tow 934 

38,061 

The  president  of  the  Providence  and  Stonington  Steamboat  Company 
estimates  the  value  of  merchandise  annually  transported  over  their  two 
lines  to  be  from  $93,000,000  to  $124,000,000. 

The  agent  of  the  Fall  Biver  line  of  steamers  estimates  the  value  of 
merchandise  annually  carried  by  that  line  to  be  $36,000,000. 

The  general  manager  of  the  Export  Lumber  Company  of  "Sew  York 
City  gives  the  number  of  cargoes  of  lumber  arriving  at  that  dty  through 
Long  Island  Sound  as  follows : 

For  1874,  807.  For  1875,  916.  For  1876,  755.  For  1877,  80a 
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These  cargoes  are  estimated  at  from  150,000  to  175,000  feet  each ;  also, 
of  (joal  and  plaster,  100  cargoes  per  annum  of  about  250  tons  each. 

Capt  C  H.  Townsend,  of  New  Haven,  estimates  the  quantity  and 
value  of  x^al,  iron,  and  fish  annually  carried  through  the  Sound  as  fol- 
lows: 

Coal,  2,000,000  tons,  valued  at 19,000,000  00 

Iron,  valiiedat 5,000,000  00 

Fish  (shell  and  scale),  valued  at 7,500,000  00 

Messrs.  De  Forrest  &  Hotchkiss,  lumber-merchants  of  !N^ew  Haven, 
l)resent  the  following  estimate : 

Lumber  receive<l  at  New  Haven,  through  the  Sound,  during  the  last  ten  years,  from 
40,000,000  to  50,000,000  feet  annuaUy,  valued  at  $1,000,000. 

The  I^ew  York  and  New  Haven  Steamboat  Company  estimate  the 
value  of  merchandise  transjwrted  by  their  line  at  $60,000,000  to 
$75,000,000  annually. 

r.  P.  Avery,  esq.,  ship-chandler  at  New  Haven,  estimates,  by  reference 
to  memorancla  in  his  x)ossession,  the  number  of  vessels  arriving  at  New 
Haven  as  follows: 

10  sail-vessels  per  day 3,650 

5  barks  in  tow,  per  day 1,825 

6  steamers,  per  day 1,919 

7,394 

Tlie  following  "  Return  of  vessels  which  have  passe<l  by  or  in  vicinity 
of  light-house  on  Southwest  Ledge  during  the  year  ending  30th  day  oi 
June,  1878,''  is  presented  by  Mr.  E.  Thomi)son,  principal  light-keeper: 


Ships. 

BarkA. 

Brigs. 

Schooners. 

Sloops. 

Steamers. 

Total. 

25 

31 

200 

5,614 

1,745 

4,181 

10, 378 

These  statements  are  only  a  partial  exhibit  of  the  commerce  of  the 
Sound,  as  a  number  of  steamboat  lines  are  not  mentioned,  and  but  a  frac- 
tion 01  the  traffic  carried  on  by  sailing-vessels  and  barges  is  included. 

In  this  connection  it  is  i)ertinent  to  again  refer  to  the  report  on  New 
Haven  Harbor  printed  as  House  Ex.  Doc.  No.  162,  Forty-third  Congress, 
second  session^nd  to  invite  attention  to  the  facts  and  conclusions  pre- 
sented by  the  Hon.  H.  G.  Lewis,  mayor,  in  his  letter  dated  Februaiy  5, 
1875. 

The  views  of  Prof.  W.  P.  Trowbridge  and  Capt.  C.  H.  Townsend, 
together  with  other  information  therein,  will  be  found  of  special  interest 
ill  their  bearing  upon  the  statistics  of  this  harbor,  and  the  desirability 
of  its  fiirther  improvement. 

Money  statement 

Jnly  1,  1877,  amount  available $2,612  23 

Auiouut  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$27,612  23 

Jnly  1,  1878,  amount  expended  during  fiscal  year 467  61 

July  1,  1878,  outstanding  liabilities 200  00 

6^7  61 

July  1,  1878,  amount  available 26,944  62 

Amount  (estimated)  required  for  completion  of  existing  project : 

Breakwater 400,000  00 

Drediring 180,000  00 

Amount  tnat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     100,  OdO  00 
26  E 
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C  4. 

IMPROVEMENT  OF  MILFORD  HARBOR,  CONNECTICUT. 

With  the  exception  of  slight  repairs  upon  the  long  jettj',  no  work  has 
been  done  by  the  government  during  the  past  year  at  this  harbor.  The 
imi>rovements  previously  made  remain  in  about  the  same  condition  as 
at  the  date  of  the  last  annual  report,  and  the  dredged  channel  from  the 
\icinity  of  Mr.  William  Merwin's  wharf  to  the  Sound  retains  its  deptli  and 
proves  of  great  advantage  to  the  local  interest  of  Milford.  It  also  afPords 
convenient  anchorage-ground  in  bad  weather  for  fishing-smacks  and 
other  vessels  of  light  draughts 

Mr.  Merwin,  a  resident  of  Milford,  states  that  the  local  commerce  of 
Milford  was  about  the  same  during  the  past  year  as  in  preceding  years, 
but  that  the  out^er  bay  has  been  much  more  freely  used  as  an  anchorage- 
ground  than  formerly,  owing  to  the  opportunity  afforded  by  the  dredged 
channel  for  vessels  to  reach  the  inner  harbor  in  case  of  sudden  storms, 
and  adds : 

It  is  of  vast  imi)ortaDce  to  commerce  that  the  breakwater  be  built  off  Welch's  Point; 
we  would  then  have  the  beat  harbor  ou  the  Sound. 

In  i>revious  reports  reference  ha«  been  made  to  tlie  convenience  of 
this  bay  as  a  harbor  of  reftige  for  light  vessels  should  it  be  protected  by 
a  breakwater  at  Welch's  Point,  and  estimates  were  given  in  1871,  modi- 
flexl  in  the  report  for  last  year. 

This  work  can  be  built  for  $45,000,  and,  beside  serving  to  cover  anchor- 
age now  exposed  to  easterly  and  southerly  storms,  would  effectually 
l>rotect  the  bluffs  above  from  erosion,  and  prevent  the  dSbris  from  wash- 
ing into  the  channel. 

With  the  appropriation  for  the  next  fiscal  year  it  is  proposed  to  con- 
tinue the  dredged  channel  to  the  town  wharf,  and  to  complete  the  long 
jetty  now  nearly  finished. 

The  following  sums  have  been  appropriated  for  the  improvement  of 
this  harbor : 

June  23,  1874— Construction  of  jettties  at  Welch's  Bluffs |5, 000  00 

March  3,  1875 — Long  jetty  at  month  of  Indian  River  and  dredging 13, 000  00 

June  18, 1878 10,000  00 

28,000  00 

Estimates  of  1872  for  improving  this  harbor 85,  000  00 

Additional  estimate  of  1876  for  continuing  dredging 8, 000  00 

Milford  is  in  the  New  Haven  collection-district.  New  Haven  being  the  nearest  port 
of  entry.    Amount  of  revenue  coUected  for  past  fiscal  year,  $290,233.10. 

Money  statement. 

July  1,  1877,  amount  available $445,84 

Amount  appropriated  by  act  approved  June  18,  1878 10,  000  00 

■ $10, 4't5  84 

July  1,  1878,  amount  expended  during  fiscal  year 313  07 

July  1,  1878,  amount  available ' 10, 132  77 

Amount  (estimat^'d)  required  for  completion  of  existing  project 45, 000  00 

Amount  that  can  be  iirotitably  expended  in  fiscal  year  endmg  J  uue  30, 1880 .      45, 000  00 
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IMPROVEMENT  OF  HOUSATONIC  RIVER,  CONNECTICUT. 

The  improvement  of  this  river  has  consisted  in  the  removal  of  bars 
formed  by  the  winter  and  spring  freshets.  Of  these  the  most  trouble- 
some is  that  known  as  Drew's  Bar,  near  the  west  bank  of  the  river,  and 
about  4  miles  below  Derby. 

The  constant  recurrence  of  this  obstruction  is  owing  to  the  position  of 
a  small  rock  which  formerly  lay  directly  in  the  channel  with  good  water 
on  either  side.  The  rock  being  a  serious  obstacle,  it  was  desirable  to 
remove  it  or  change  the  position  of  the  channel.  The  latter  plan  being 
deemed  least  expensive  was  adopted,  and  in  1872  a  jetty  connecting  the 
rock  with  the  west  shore  was  bmlt. 

As  stated  in  the  annual  rei)ort  for  1877,  the  bar  hajg  been  dredged  off 
four  times  since  the  construction  of  the  jetty.  It  is  now  proposed  to 
ascertain  the  cost  of  the  removal  of  the  jetty  together  with  the  rock,  and, 
should  such  cost  be  found  not  excessive,  to  present  at  an  early  day  a 
project  and  estimate  for  the  work.  A  reconnaissance  of  the  river  will 
be  made  as  soon  as  possible,  when  the  position  at  Drew's  Eock  and  Bar 
i^iU  be  carefully,  examined  vnth  a  view  to  the  above  project. 

Ko  improvement  has  yet  been  attempted  upon  the  bar  at  the  mouth  of 
the  river,  where  the  least  depth  at  mean  low-water  last  season  was  but  4 
feet.  It  has  hitherto  been  considered  that  a  permanent  channel  through 
this  bar  would  require  the  construction  of  one  or  more  jetties,  invohing 
an  expense  disproportioned  to  the  amount  of  commerce  likely  to  be  bene- 
fited. Upon  a  farther  study  of  the  subject  should  it  be  foiuid  that  a  less 
costly  method  can  be  applied  to  advantage,  corresponding  plans  and  es- 
timates will  be  presented  tor  consideration.  It  is  certainly  very  desirable 
to  improve  the  condition  of  the  entrance  to  this  river  if  it  can  be  accom- 
plished within  reasonable  limits  as  to  expense. 

The  following  appropriations  have  been  made  for  the  improvement  of 
this  river: 

March  3,  1871 |15,000  00 

June.  10, 1872 15,000  00 

March  3,  1873 10,  Om)  00 

JuTie23,  1874 10,000  00 

March  3, 1875 5,000  00 

June  18,  1878 5,000  00 

Total 60,000  00 

^o  general  plan  for  this  improvement  has  been  made,  estimates  having 
been  presented  from  year  to  year  to  remove  bars  formed  by  winter  and 
spring  fi'eshets. 

Housatonic  River  is  the  <lividiiig  line  between  New  Haven  and  Fairfield  collection 
<listricts.  Amount  of  revenue  collected  during  the  year  ending  June  30,  1878,  was  at 
Bridgeport  |4,561.69. 

There  is  a  liglit-house  on  Stratford  Point- at  the  mouth  of  the  river,  and  on  Stratfowl 
Shoal  midway  between  the  north  and  south  shores  of  the  Soimd. 

The  nearest  defensive  work  is  Fort  Hale,  New  Haven  Harbor,  13  miles  distant. 

The  following  sttitistics  relating  to  the  commerce  of  this  river  have 
been  received: 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal  year  end- 
ing June  30,  1878,  12G ;  total  tonnage,  25,200 ;  estimated  value  of  cargoes  received, 
$110, (KK);  estiiuated  value  of  cargoes  exported,  $5,000;  draught  of  wat<*r,  7  feet. 

Number  of  vessels  of  all  classes  entering  the  harbor  for  refuge  during  the  year,  50. 
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Money  statement, 

July  1,  1877,  amonut  available $17  73 

Amouut  appropriated  by  act  approved  June  18,  1878 5, 000  00 

15,017  73 

July  1,  1878,  amount  available 5,017  73 

Amouut  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .     5, 000  00 


C  6. 

IMPROVEMENT  OF  BRIDGEPORT  HARBOR,  CONNECTICUT. 

During  the  last  fiscal  year  the  appropriation  of  $10,000,  made  by  act 
of  Congress  approved  August  14,  1876,  was  applied  to  deepening  and 
widening  the  upper  part  of  the  harbor  firom  the  steamboat- wharf  to  the 
lower  bridge. 

A  contract  at  rates  extremely  favorable  to  the  government,  viz,  SJ 
cents  per  cubic  yanl  for  material  removed  and  deposited  in  the  sound, 
was  made  with  the  Messrs.  Beardsley,  of  Bridgeport.  Work  was  begun 
in  July,  1877,  and  completed  in  the  following  September. 

As  a  result  of  this  (hedging,  the  9-foot  channel  has  been  widened  to 
450  feet,  greatly  facilitating  the  movements  of  vessels  and  adding  much 
needed  space  to  the  anchorage  in  this  part  of  the  harbor. 

With  a  portion  of  the  appropriation  made  at  the  last  session  of  Con- 
gress, and  in  compliance  with  a  provision  of  the  act,  it  is  proposed  to 
devote  at  least  $5,000  to  the  excavation  of  a  channel,  100  feet  wide  and 
9  feet  deep  at  mean  low-water,  between  the  lower  bridge  and  the  horse- 
railroad  bridge,  and  with  the  balance  remaining  after  completing  this 
work  to  widen  the  12-foot  channel  from  the  sound  to  the  inner  beacon. 

The  following  amounts  have  been  ai>propriated  for  the  improvement 
of  Bridgeport  Harbor: 

March  3,  1871— Breakwater $20,000  00 

June  10,  1872— Breakwater 40,000  00 

March  3,  1873— Dredj^g 30,000  00 

June  23,  1874— Dredging 20,000  00 

March  3,  1875— Dredging 15,000  00 

AugUBt  14, 1876— Dredging 10,  000  00 

June  18,  1878— Dredging 10,000  00 

145,000  00 
Estimate  of  1871  for  the  improvement  of  this  harbor,  $196,000. 
Bridgeport  is  the  port  of  entry  of  the  Fairfteld  collection  district ;  the  nearest  light- 
house is  at  the  entrance  of  the  harbor  on  the  west  side.     Fort  Hale,  New  Haven  Har- 
bor, 16  miles  distant,  is  the  nearest  work  of  defense. 

COMMESCIAI.  STATISTICS. 

The  following  letter  and  accompanying  statistics  relating  to  the  com- 
merce of  this  i>ort  have  been  received: 

Custom-House,  Bridgeport,  Conn., 

Collector'^  Office,  July  10,  1878. 
Sir  :  I  have  the  honor  to  acknowledge  the  receipt  of  your  letter  of  the  3d  instant, 
and  Inclose  the  statement  requested.     The  estimate  of  the  total  number  of  vessels 
entering  and  clearing,  their  tonnage,  and  the  value  of  their  cargoes,  ia  necessarily  an 
approximate  one. 

I  am  of  the  opinion  that  the  deepening  of  the  water  on  the  bar  and  in  the  channel, 
in  connection  with  the  building  of  a  breakwater,  has  ab*eady  been  found  to  be  a 
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great  improvement}  and  with  a  further  outlay  in  the  same  direction  the  harbor  of 
Bridgeport,  situated  as  it  is  in  one  of  the  most  accessible  and  advantageous  positions 
of  any  between  New  York  and  Boston,  at  the  terminus  of  two  railroads,  one  (the 
Honsatonic)  making  direct  connections  with  other  lines  to  the  great  West  and  the 
Pacific,  should  invite  a  largely  increased  coastwise  and  foreign  trade,  and  mi|^ht  be 
made  one  of  the  most  important  ports  for  the  shipment  of  grain,  flour,  &c.,  in  the 
country.  An  elevator  already  erected  rendering  the  shipment  of  such  articles  easy 
and  convenient. 

Very  respectfully,  your  obedient  servant, 

J.  S.  Haxo\t?r, 

Collector. 
Col.  J.  W.  Barlow, 

Carps  of  Engineers  J  U.  8.  A. 

COLLECTIONS. 

Duties  on  imports |1,  416  57 

Tonnage  dues 103  50 

Hospital-tax 1,560  63 

Miscellaneous  receipts 1,480  99 

4,561  69 

Number  of  foreign  vessels  arrived  jBrom  foreign  ports 25 

Number  of  foreign  vessels  cleared  for  foreign  ports 23 

American  vessels  arrived  from  foreign  ports •-  4 

American  vessels  cleared  for  foreign  ports 0 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal 

year  ending  June  30, 1878 7, 229 

Total  tonnage 1,269,632 

Estimated  value  of  cargoes  received $25,181,100 

Estimated  value  of  cargoes  8hipi>ed $24,147,  000 

Draught  of  water,  8  feet  at  low-water.    Number  of  vessels  of  all  classes 

entering  the  harbor  for  refuge  during  the  year 900  to  1, 000 

Money  statement 

July  1,  1877,  amount  available $9,886  95 

Amount  appropriate<l  by  act  approved  June  18,  1878 10,  000  00 

—    $19,886  95 

July  1,  1878,  amount  expended  during  fiscal  year 9, 754  22 

July  1,  1878,  amount  available -' 10,132  73 

Amount  (estimated)  reouired  for  completion  of  existing  project 30, 000  00 

Amount  that  can  be  profitably  expeude<l  in  fiscal  year  ending  June  30, 1880 .      20, 000  00 

Ahstrtuit  of  proposals  received  June  21,  1877,  for  improving  hnrhor  at  Bridgeport^  Conn. 


Addrofls. 

Price  per 
cabic  yard. 

To  com- 
mence— 

To  com- 
plete— 

Name. 

i 

1 

Bemarks. 

MoTTlaT.Brainard... 

S.  A.  Hammond 

B.R.  Seward 

BLN.&A.J.Beard»- 

HdSeimott^Baly... 

Albainr.N.T.... 

Albany,  n!y...*. 
Bridgeport,  Conn 

Cohoe«,N.Y.... 

CenU. 

}? 

16 
15 

18 

Cent*. 
9 
9 
9 
81 

H 

July    1,1877 
July    1,1877 
July    1,1877 
July    1,1877 

July    1,1877 

Nov.  30, 1877 
Nov.  30. 1877 
Nov.  30, 1877 
Dec     1, 1877 

Nov.  30,1877 

Bid  not  in  duplicate. 

Contract  made  with  Hessra.  H.  N.  &  A.  J.  Beaidsley,  at  8}  cents.    All  the  work  to  be  done  above  steam- 
boat-wharf. 
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C  7. 

IMPROVEMENT  OF  SOUTHPORT  HARBOR,  CONNECTICUT. 

With  the  appropriation  of  $5,000  made  by  act  of  Congress  approved 
August  14, 1876,  the  following  work  has  been  done  at  this  harbor: 

All  agreement  was  entered  into  with  Mr.  J.  H.  Fenner,  of  Albany,  ^N". 
Y.,  under  which  a  channel  60  feet  wide  and  4  feet  deep  at  mean  low- 
water  was  dredged  from  the  outer  beacon  to  above  the  end  of  the  break- 
water. The  vacant  spaces  between  the  walls  of  the  dike  were  filled 
with  a  portion  of  the  dredged  material,  and  the  remainder  deposited  in 
deep  water  outside  the  harbor. 

Seventeen  cents  per  cubic  yard  was  paid  for  the  latter  work^  and  37 
cents  for  the  former.  Under  this  agreement,  about  15.000  cubic  yards 
of  material  have  been  removed,  maMng  a  channel  60  feet  in  width  and 
4  feet  deep  at  mean  low- water.  The  repairs  ui)on  the  dike  by  filling  void 
spaces  between  the  walls  with  material  from  the  channel  have  been  com- 
pleted. 

It  being  desirable  to  make  the  width  of  the  dredged  channel  100  feet, 
an  additional  sum  of  $5^000  is  needed  for  this  purpose,  which  could  be 
profitably  expended  dunng  the  next  fiscal  year. 

FoUoi^ing  are  the  amounts  appropriated  for  this  harbor  since  1838: 

March  3, 1875 $5,000  00 

August  4,  1876 5,000  00 

10,000  00 

Southport  is  iu  the  Fairfield  collection  district,  of  which  Bridgeport  is  the  jiort  of 
eutry.  The  amount  of  revenue  collected  there  for  the  fiscal  year  ending  June  30,  1878, 
was  $4,561.69.  The  nearest  light-house  is  on  Peufield  Reei^  3^^  miles  from  the  harbor. 
Fort  Hale,  New  Haven  Harbor,  the  nearest  work  of  defense,  is  24  miles  distant. 

COMMERCIAL  STATISTICS. 

The  following  statistics  relating  to  the  commercial  business  of  this 
port  have  been  furnished  by  J.  H.  Perry,  esq.: 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal 

year  ending  June  30,  1878 200 

Total  tonnage 2,500 

Estimated  value  of  cargoes  received $110,  000 

Estimated  value  of  cargoes  shipped $125,000 

Number  of  vessels  of  aU  classes  entering  the  harbor  for  refuge  dui'iug  the 

year 100 

Money  statement 

July  1,  1877,  amount  available $5,063  93 

Julv  1,  1878,  amount  expended  during  fiscal  year $3, 185  19 

July  1,  1878,  outstanding  liabUitics 1,226  05 

4,  411  24 

July  1,  1878,  amount  available 652  69 

Amount  (estimated)  required  for  completion  of  existing  project... 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1880 .        5, 000  00 
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C8. 

IMPROVEMENT  OF  POET  JEFFERSON  HARBOR,  LONG  ISLAND,  NEW  YORK. 

The  appropriation  of  $6,000,  made  by  act  of  Congress  approved  August 
14,  1876,  was  applied  to  repairing  the  east  jetty  and  the  excavation  of  a 
cut  through  the  bar,  in  about  equal  proportions. 

The  work  upon  the  breakwater  was  executed  under  contract  with 
Messrs.  Ingerson  and  Molthrop,  and  consisted  in  adding  stone  to  its 
entire  length,  widening,  strengthening,  and  raising  the  structure,  with 
a  \aew  to  more  thoroughly  arresting  the  flow  of  sand  into  the  channel 
from  the  direction  of  Mount  Misery. 

The  interval  between  the  shore  end  of  the  jetty  and  the  plank  fence, 
through  which  large  quantities  of  sand  had  been  driven  by  easterly 
storms,  was  securely  closed  by  a  stone  extension  of  the  jetty,  and  the 
fence  continued  still  farther  inland.  The  jett^'  at  its  sea  end  was  curved 
out  a  short  distance. 

The  stone- work  was  well  executed,  and  has  withstood  the  severe  win- 
ter gales  with  trifling  injury.  A  portion  of  the  plank  fence,  at  its  extreme 
inshore  end  above  onlinary  high- water,  was  injured  during  the  winter. 
When  it  is  considered  that  the  posts  of  this  fence  are  8  inches  by  8  inches, 
timber  placed  4  feet  in  the  ground,  some  idea  may  be  had  of  the  action 
and  power  of  the  waves  during  the  concurrence  of  a  severe  easterly 
storm  and  an  abnormally  high  tide. 

One  cut  through  the  bar  was  successfully  accomplished.  The  difficul- 
ties apprehended  in  dredging  on  this  bar  rendered  contractors  reluctant 
to  enter  upon  the  work^  and  it  was  therefore  decided  to  make  the  experi- 
ment with  hired  machmery.  A  satisfactory  arrangement  was  entered 
into  with  Mr.  M.  F.  Brainanl  for  the  use  of  his  dredge,  tug,  and  scows, 
at  $6.50  per  hour,  working  time.  As  was  anticipated,  the  chief  difficulty 
encountered  was  the  tide,  which  ebbs  and  flows  with  such  strength  that 
the  spuds  ordinarily  used  for  holding  the  dredge  in  x)lace  were  inadequate, 
heavy  anchors  and  hawsers  being  required  in  addition.  Tlie  cut  when 
completed  was  1,300  feet  in  length,  25  feet  in  width,  and  8  feet  deep  at  mean 
low-water,  where  the  least  depth  was  i)re^iou8ly  but  2J  feet.  The 
steam  ferry-boat  is  now  able  to  cross  at  all  stages  of  the  tide.  It  is 
reported  that  the  outer  end  of  this  cut  became  partially  filled  during  a 
severe  storm  last  winter,  but  afterward  cleared  itself  by' the  action  of  the 
ebb  tide. 

When  the  jetties  have  been  carried  to  their  proposed  length,  9  feet  of 
water,  there  is  every  reason  to  believe  that  a  channel  8  feet  in  depth  will 
be  self-sustaining,  and  although  the  material  of  this  bar  is  very  heavy, 
being  largely  composed  of  coarse  gravel  mixed  with  stones  of  several 
pounds  weight,  it  is  not  impossible  that  the  present  cut  will  increase  in 
width  by  the  augmented  force  of  the  current,  due  to  the  contraction  of 
the  estuary. 

The  plans  for  the  improvement  of  this  harbor,  now  in  process  of  execu- 
tion, contemplate  the  extension  of  the  jetties  to  9  feet  of  water,  -and,  if 
found  necessary,  to  excavate  by  dredging  a  channel  100  feet  wide  through 
the  bar.  The  appropriation  of  $10,000  made  at  the  last  session  of  Con- 
gress will  be  expended  in  accordance  with  these  plans. 

It  is  hoped,  however,  that  a  large  part  of  this  excavation  will  be  done 
by  the  action  of  the  tidal  current  when  concentrated  and  strengthened 
by  the  completion  of  the  jetties. 
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The  following  amounts  have  been  appropriated  for  the  improvementi 
of  this  harbor : 

March  3,  1871 $15,000  00 

June  10,  1872 15,000  00 

March  3,  1875 w 15,000  00 

Aiieiist  14,  1876 6,000  00 

JimelS,  1878 .v. 8,  000  00 

59, 000  00 

The  original  estimates  for  the  improvement  of  this  harbor  amounted 
to  $150,000.  Modifications  in  the  plan  and  lower  prices  for  material 
and  labor  have  quite  reduced  these  estimates.  The  present  project  can 
be  completed  for  $28,000. 

Port  Jefferson  is  in  the  New  York  collection-district.  The  nearest  light-house  is  at 
"Old  Field  Point,"  immediately  west  of  the  harbor  entrance.  Fort  Hale,  New  Haveu 
Harbor,  23  miles  distant,  is  the  nearest  work  of  defense. 

The  commerce  of  this  harbor  is  limited,  the  aggregate  tonnage  of  vessels 
belonging  to  this  port  being  about  16,000  tons.  The  chief  business  of 
the  village  is  ship-building,  for  which  unusual  facilities  are  afforded,  and 
quite  a  number  of  vessels,  many  of  large  tonnage,  are  annually  built. 
The  importance  of  this  harbor,  discuss^  in  several  previous  reports, 
consists  principally  in  its  availability  as  a  harbor  of  refiige  for  the  south 
side  of  hong  Island  Sound.  Its  only  drawback  is  the  bar  at  the  en- 
trance. When  this  is  improved,  no  more  i)erfect  shelter  than  ^ill  be 
afforded  by  this  harbor  could  be  desired. 

Money  statetnent 

July  1,  1877,  amount  available $11,261  64 

Amount  appropriated  by  act  approA^ed  June  18,  1878 8,  000  00 

$19,26164 

July  1,  1878,  amount  expended  during  fiscal  year 10, 306  76 

July  1,  1878,  amount  available 8,954  ^ 

Amount  (estimated)  required  for  completion  of  existing  project 25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.  25, 000  00 

Abstract  of  proposals  received  May  24,  1877,  for  improving  harbor  at  Port  Jefferson,  L.  L, 

jv.  r. 


Xame. 


ErancisH.  Smith... 

Asa  C.  Palmer 

Inserson  Sl  Molthrop 

John  Beattie 

Cook  &.  Chapman  . . . 
David  V.HoweU.... 


Addrcw. 


Price 
jper  ton. 


To  com- 
mence— 


New  York,  N.Y....   |1  89 

Fayettoville,  N.  Y. . .  i    1  89 

New  London,  Conn..  1  33 

Guilford,  Conn j  1  35 

New  London,  Conn. .  I  1  53 

New  York,  N.Y....  1  72* 


June   1,1877 


To  com- 
plete— 


Oct.  1, 1877 


June   1, 1877  j  Oct.  1, 1877 


Bemarks. 


June  10, 1877  j 
June   1, 1877 
June   1,1877  1 
June   1, 1877  i 


Oct.  1, 1877 
Oct  1, 1877 
Ckt.  1, 1877 
Oct.  1, 1877 


.Not  certified  to  by  gov- 
.  emment  officer.  Sij}- 
!    nature  not  witneiwea. 


Contract  made  with  Messrs.  Ingei'sou  &.  Moltlirop,  at  $1.33. 


IMPROVEMENT  OF  NORWALK  HARBOR,  CONNECTICUT. 

^Notliiiig  has  been  done  toward  improving  the  navigation  of  this  river 
since  the  expenditure  of  the  appropriation  of  March  3,  1875.  With  the 
sum  of  $5,000  appropriated  at  the  last  session  of  Congress  it  is  designeil 


Digitized  by  VjOOQIC 


APPENDIX   C,  409 

to  widen  the  60-foot  cliannel  dredged  to  a  depth  of  6  feet  at  mean  low- 
water  at  such  places  as  will  most  benefit  navigation. 

It  is  desirable  that  the  plan  heretofore  presented  of  increasing  the 
width  of  this  channel  to  100  feet  be  executed  with  as  little  d-elay  as 
possible. 

The  following  appropriations  have  been  made  for  the  improvement  of 
this  harbor: 

JiinelO,  1872 $10,000  00 

March  3,  1873 10,000  00 

June  23,  1874 10,000  00 

March  3,  1875 7,000  00 

June  18,  1878 6,000  00 

The  last  estimate  for  completing  this  improvement  provided  for  the 
expenditure  in  dredging  of  $30,000.  Of  this  sum  $15,000  can  be  ad- 
vantageously expended  during  the  next  fiscal  year. 

ITorwalk  is  in  the  Fairfield  collection-district,  and  Bridgeport  is  the  nearest  port  of 
entry,  where  the  amount  of  revenue  coUected  during  the  fiscal  year  ending  June  30, 
1878,  was  $4^561.69. 

Norwalk  bght,  on  Sheflfleld  Island,  is  opposite  the  mouth  of  the  river. 

The  nearest  works  of  defense  are  the  fortifications  at  Throg's  Neck,  29  miles  distant. 

GOMMEBOIAL  STATISTICS. 

The  following  statistics  have  been  furnished  by  E.  J.  Hill,  esq.,  of 
^Norwalk : 

Number  of  American  vessels  arrived  from  coastwise  ports 764 

Number  of  American  vessels  cleared  for  coastwise  ports 333 

Total  number  of  vessels  of  all  classes  entered  and  cleared  during  the  fiscal 

year  ending  June  30,  1878 1,097 

"Total  tonnage 98,795 

Estimated  value  of  cargoes  received  and  shipped  during  the  year,  from  (2,000,000 
to  12,250  000. 

Draugnt  of  water — average,  7  feet  6  inches. 

Number  of  vessels  of  all  classes  entering  the  harbor  for  refuge  during  the  year  (esti- 
mated, 100.) 

Money  statement 


.\monnt  appropriated  by  act  approved  June  18,  1878 |6,( 

July  1,  1878,  amoimt  available 6,( 


,000  00 
, 000  00 

Amount  (estimated)  reauired  for  completion  of  existing  project 24, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1880 .      15, 000  00 
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ANNUAL  REPORT  OF  LIEUTENANTOOLONEL  JOHN  NEW- 
TON,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  1878. 

United  States  Engineer  Office, 

2^€w  York,  July  13, 1878. 
General:  I  liave  the  honor  to  transmit  herewith  the  annual  reports 
upon  the  river  and  harbor  works  temporarily  in  charge  of  Capt.  James 
.  Merciir,  Corps  of  Engineers,  until  August  21, 1877,  for  the  fiscal  year 
ending  June  30, 1878. 

Very  resi)ectfiQly,  your  obedient  servant, 

John  Newton, 
Lisut  Col.  of  Engineers,  Bvt.  Maj.  Oen.,  U,  S.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 


Dl. 

.  IMPROVEMENT  OF  HUDSON  RIVER,  NEW  YORK. 

Lieut.  J.  H.  WiUard,  Corps  of  Engineers,  stationed  at  Albany,  N.  Y.,^ 
has  remained  in  superintendence  of  these  works. 
The  following  work  was  done  during  the  year : 

Complete  8ur\'ey  fix)m  State  dam  at  Troy  to  South  end  of  Houghtailing  Island,  New 
Baltimore. 

Re-examinations  after  dredging  by  the  State  engineer  and  surveyor. 

Complete  hydrographic  map  on  scale  y^^i^  in  live  sheets^  ffiviug  the  latest  informa- 
tion of  the  condition  of  the  river  at  the  close  of  the  season  of  1877  from  Troy  to  New 
Baltimore. 

Feet 

Completion  of  first  dike,  overslaugh  system 2,  Oil 

Completion  of  second  dike,  overslaugh  system 1,508]^ 

Completion  of  second  half  dike,  overslaugh  system 448 

Completion  of  third  dike,  overslaugh  system 2, 61(4^ 

Completion  of  third  half  dike,  overslaugh  system 637 

Completion  of  dike  at  Bath 831 

Completion  of  dike  at  Coeymans 174 

Repairs  at  HiUhouse  Island,  Beacon  Island,  Van  Wie's  Point,  Panla  Hook  Point,  and 
dikes  at  Coeymans. 
Dredging  under  State  appropriation : 

Cubic  yaidfl. 

Between  Albany  and  Troy 24, 833 

Between  Albany  and  New  Baltimore 20,209 

Total  amount  removed 226, 842 

This  work  la  located  in  the  fourteenth  coUection  district,  Albany  being  the  ]K>rt  of 
entry. 

The  value  of  imports  for  the  fiscal  year  was  $431,066.70,  gold,  and  the  amount  of 
revenue  coUected  on  the  same  was  $106,947.23,  gold. 

The  tonnage  of  the  XH>rt  is  290  vessels,  aggregating  45,958.85  tons. 

The  amount  of  commerce  benefited  is  estimated  at  $500,000,000. 

Amount  of  estimate  of  1868,  $964,304.47. 
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AMOUNTS  APPROPRIATED. 

By  act  of  Congress  approved  June  23.  1866 $50,000  00 

By  act  of  Congress  approved  March  2,  1867 305,188  00 

By  act  of  Congress  approved  July  25,  1868 85,000  00 

By  act  of  Congress  approved  April  10,  1869 89. 100  00 

By  act  of  Congress  approved  July  11.  1870 40,000  00 

By  act  of  Congress  approved  March  3,  1871 40,000  00 

By  act  of  Congress  approved  June  10,  1872 40,000  00 

By  act  of  Congress  approved  March  3,  1873 , 40,000  00 

By  act  of  Congress  approved  June  23,  1874 40,000  00 

By  act  of  Congress  approved  March  3.  1875 40,000  00 

By  act  of  Congress  approved  August  14,  1876 50,000  00 

By  act  of  Congress  approved  June  18,  1878 70,000  00 

889,288  00 

Amount  expended 820,  098  97 

Money  statement. 

July  1,  1877,  amount  available |36,860  42 

Amount  appropriated  by  act  approved  June  18,  1878 70, 000  00 

tl06,  860  42 

July  1,  1878,  amount  expended  during  fiscal  year 36, 771  39 

July  1,  1878,  outstanding  liabilities 89  03 

36, 860  42 

July  1,  1878,  amount  available 70,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 95, 016  47 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .  ^,  016  47 

Abstract  of  bids  far  constructing  pile  dikes  in  ths  Hudson  River  near  Albany,  N,  Y,    Opened 

July  31,  1877. 


§ 

H 

H 

Bidders. 

M 

II 

n 

i 

4A  V4 

a  " 

« - 

flS 

Sa 

o-a 

< 

i 

®  d^ 

Stephen  Miles 

♦J^ 

$4  75 
3  87 

i3  OR 

$18,967  50 
18,  283  10 

WiUiam  D.  Puller 

3  37 

.Tohii  H.  Manihftll                                                        

3  74 

3  19 

290 

13, 370  20 

Abstract  of  contract  for  constructing  pile  dike  in  Huds<m  River, 


Contractor's  name. 

Beaidence. 

Date  of  con- 
tract. 

Suljject  of  contract 

Bcmarks. 

John  H.Marshall.. 

New  Baltimore,  N.Y.. 

Aug.  13, 1877 

Constructing      pile 
dike  at  Bath  and  at 
overslangh. 

To  be  completed  De- 
cember ih  1877. 

Da, 

removing  obstructions  in  east  river  and  hell  gate,  new  york. 

hallet's  point. 

The  contract  with  Mr.  Emory  E.  Seward  for  the  removal  of  24,000 
tons  of  broken  rock  from  this  reef  was  extended  from  June  30, 1877,  to 
November  1,  1877;  and  from  the  commencement  of  the  year  to  the 
closing  of  the  contract  there  were  removed  13,281.97  tons. 
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On  the  expiration  of  Mr.  Seward's  contract  proposals  were  advertised 
for  the  removal  of  25,000  tons  of  broken  rock,  and  on  November  24, 

1877,  contract  was  made  with  the  Atlantic  Dredging  Company  for  the 
work  at  $2.29  per  gross  ton,  operations  to  commence  on  or  before  Janu- 
ary 1,  1878. 

During  the  inten^al  between  the  completion  of  Mr.  Seward's  contract, 
on  November  1,  1877,  and  the  commencement  of  work,  on  January  1, 

1878,  by  the  Atlantic  Dredging  Company,  the  work  or  removing  the 
broken  rock  was  continued  by  hiring  dredges  and  grapples  by  the  day. 
Amount  of  rock  removed*,  3,293.38  tons. 

Operations  were  commenced  by  the  Atlantic  Dredging  Company  on 
January  22, 1878,  and  have  been  continued  with  occasional  stoppages 
for  repairs.  The  location  of  the  grappling-machine  on  the  outer  portion 
of  the  reef  exposed  it  to  the  strong  currents  running  over  it,  and  during 
the  larger  portion  of  the  time  work  was  carried  on  during  the  ebb-tide 
only.    The  amount  of  rock  removed  to  June  30, 1878,  was  6,683.15  tons. 

FLOOD  BOCK. 

The  funds  available  on  July  1, 1877,  being  sufficient  only  to  carry  on 
the  work  of  removing  the  broken  rock  at  Hallet's  Point,  no  work  was. 
done  except  to  remove  the  shops  and  storehouses  formerly  used  in  the 
work  on  Hallet's  Point. 

The  survey  of  this  rock  and  the  middle  reef  has  been  completed  and 
plotted.  During  the  latter  part  of  June,  1878,  a  few  men  were  em- 
ployed in  getting  the  machinery  in  order  to  pump  out  the  mine  prepara- 
tory- to  resuming  active  operations. 

STEAM-DRILLING  SCOW. 

Owing  to  the  want  of  funds,  no  work  was  done  by  this  machine  during 
the  year.  On  January  28,  1878,  it  was  removed  from  Smith's  wharf, 
Green  Point,  where  it  had  been  lying  from  the  commencement  of  the 
year,  to  the  foot  of  Court  street,  Brooklyn,  for  the  purpose  of  effecting  a 
saving  in  the  cost  of  wharfage. 

The  works  in  connection  with  the  removing  obstructions  in  East  River 
and  HeU  Gate  have  been  under  the  superintendence  of  Capt.  Jame& 
Mercur,  Corps  of  Engineers. 

This  Tvork  is  in  the  collection-district  of  New  York. 

The  nearest  port  of  entry  is  New  York  City. 

The  amount  of  revenue  collected  last  fiscal  year  was  $91,992,629.62. 

The  amount  of  commerce  and  navigation  benefited  by  the  completion  of  this  work 

would  he  about . 

Amount  asked  to  be  appropriated  for  fiscal  year  ending  June  30,  1880,  (600,000. 

ORIGINAL  ESTIMATE. 

Bemoving  reefs  at  Hell  Gate  and  Diamond  and  Coenties  Reefs (5, 139, 120  00 

AMOUNTS  APPROPRIATED. 

By  act  of  Congress  approved  July  25.  1868 $85,000  00 

By  act  of  Congress  approved  April  10,  1869 178,200  00 

By  act  of  Congress  approved  July  11,  1870 250,000  00' 

By  act  of  Congress  approved  March  3,  1871 250,000  00 

By  act  of  Congress  approved  June  10,  1872 225,000  00 

By  act  of  Congress  approved  March  3,  1873 225,000  00 

By  act  of  Congress  approved  June  23,  1874 225,000  00 

By  act  of  Congress  approved  March  3,  1875 250,000  00 

By  act  of  Congress  approved  August  14,  1876 250,000  00 

By  act  of  Congress  approved  June  18,  1878 350,000  00 

2,288,200  Oa 
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Bronght  forward 

.Deduct  amount  reverted  to  the  United  States  Treasury $3, 158  55 

Deduct  amount  allotted  to  Harlem  River 11, 000  00 


92,288,200  00 

14,158  55 
2,274,041  45 


Amount  expended 1,886,7;^  94 


Amount  expended  during  year  ending  June  30^  1878. 


Removing  reef  at  Hallet's  Point. 

Excavations  at  Flood  Rock 

Steam-drilling  scow 

Contingencies 


Money  statement 

JiUy  1,  1877,  amount  available |123,a55  78 

Amount  appropriated  by  act  approved  June  18,  1878 350, 000  00 

July  1, 1878,  amount  expended  during  fiscal  year 86, 050  27 

July  1, 1877, outstanding  liabilities 4,345  30 


170,091  53 

9,734  70 

6,061  91 

154  13 

86,050  27 


$473,355  78 
90,395  57 


July  1, 1878,  amount  available 382,960  21 

Amount  (estimated)  required  for  completion  of  existing  project 2, 863, 127  55 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 

1880 600,000  00 

Ah8tr€ict  of  Udsfar  remwing  broken  rock  from  HalleVs  Point  reefj  Astoria^  N,  Y.     Opened 

November  14,  1877. 


Bidders. 


Price  per 
toil. 


AtUmtic  DredgiiiK  Company 

lEmoryB.  Seward. 

HorrlB  &.  Comings  Dredging  Company  . 


$2  29 
3  00 
2  50 


Abstraet  of  contract  for  removing  broken  rook  from  HalleVe  Point  reef,  Astoriaf  N,  F. 

Contractor. 

Residence. 

Date  of  con- 
tract. 

Subject  of  contract 

Bemarks. 

Atlantic  Drvdging 
Company. 

Brooklyn.  N.T 

Nov.  24, 1877 

Removing      broken 
roc'k  fi-om  Hallt't's 
Point  reef,  Asto- 
ria, N.Y. 

To  be  completed  bV 
December  31, 1878. 

D3. 

IMPROVEMENT  OF  HARLEM  RIVER,  NEW  YORK. 

Ill  the  a^t  of  June  18, 1878,  appropriating?  $300,000  for  this  work,  is  a 
pro\iRO  that  this  amount  is  not  to  be  avaihible  until  the  right  of  way  is 
secured  to  the  United  States  free  of  cost,  and  until  this  is  done  no  oper- 
ations will  be  commenced. 

Thifl  work  is  in  the  conection-diRtriet  of  New  York. 

Nearest  port,  of  entry,  New  York. 

Nearest  light-hoiiHe,  Nortli  Bnitlier  Island. 

Amonnt  of  duties  ooHeoted  for  year  ending  June  30,  1878,  $91,992,629.62. 

Amount  of  eominerce  to  he  henefited  hv  this  work . 

The  estiniate  for  15  feet  channel  is  ig«,iOO,l)00. 
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Money  statement. 

poved  June  18,  1878  . 

,  completion  of  existii 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  J  une  30, 1880 .      700, 000  00 


Amonnt  appropriated  by  act  approved  June  18,  1878 $300, 000  00 

July  1, 1878,  amount  available 300,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 1, 700, 000  00 

QOingJu 


D  4. 

IMPROVEMENT  OF  PASSAIC  EIVEE,  NEW  JERSEY. 

From  the  commencement  of  tlie  year  until  January  3, 1878,  work  was 
-continued  in  clearing  the  channels  from  loose  stones  and  bowlders,  and 
dredging  a  shoal  near  the  Erie  Kailroad  bridge.  The  work  was  all  done 
by  h&ed  labor. 

The  funds  being  exhausted,  the  smaU  drilling-scow  was  towed  to  New- 
ark on  January  4, 1878,  and  laid  up. 

From  the  begiiming  of  the  year  until  the  close  of  operations,  the  fol- 
lowing work  was  done: 

2,018  cubic  yards  of  stone  removed. 
5,087  feet  of  channel  cleared. 
1,565  cubic  yards  dredged. 

Under  the  appropriation  of  $10,000  approved  June  18, 1878,  it  is  pro- 
I)osed  to  continue  the  clearing  the  channels  of  loose  stone,  and  drill  and 
blast  a  number  of  large  bowlders.  This  work  has  been  under  the  8ui>er- 
intendence  of  Capt.  James  Mercur,  Corps  of  Engineers,  since  August 
20, 1877. 

This  work  is  in  the  coUection  district  of  Newark,  N,  J. 

Nearest  port  of  entry  Newark^  N.  J. 

Nearest  light-house,  Passaic  light. 

Amount  of  revenue  collected,  |4,255.40. 

Amount  of  conunerce  to  be  benefited  by  the  completion  of  this  work,  |1, 000, 000. 

OKIGINAJL  ESTIMATE. 

Middle  Bar,  dredging |936  00 

Middle  Bar,  diking -. .. .  66,  375  00 

Belleville  Bar  dredging 15,501  00 

Katherford  Park  Bar,  firedging 14,112  00 

Holsman's  and  small  bars  above,  dredging 12,000  00 

•Contingencies 15,000  00 

123,924  00 

AMOUNTS  APPROPRIATED. 

By  act  of  Congress  approved  June  10, 1872 $25,000  00 

By  act  of  Congress  approved  March  3, 1873 25,000  00 

By  act  of  Congress  approved  June  23,  1874  ...i 20,  000  00 

By  act  of  Congress  approved  March  3, 1875 20,000  00 

By  act  of  Congress  approved  August  14, 1876 10,  000  00 

By  act  of  Congress  approved  June  18,  1878 ^ 10,000  00 

110,  000  00 

Amonnt  expended 99,391  08 

Money  statement. 

July  1, 1877,  amount  available $8,565  46 

Amount  appropriated  by  act  approved  June  18, 1878 10,  000  00 

$18,  565  46 

July  1, 1878,  amount  exi^ended  during  fiscal  year , 7, 956  54 

July  1, 1878,  amount  available 10,608  92 

Amount  (estimated)  required  for  completion  of  existing  project 13,924  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880.      5, 000  00 
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IMPEOVEMENT  OF  EAST  CHESTER  CREEK,  NEW  YORK. 

Work  was  continued  under  contract  made  Marcli  31^  1877,  with  Mr» 
John  Satterlee  for  making  a  cut  100  feet  wide,  at  mean  high-water  mark^ 
and  about  2,200  feet  in  length. 

During  the  year  the  following  work  was  done : 

2,298  cubic  yards  rock  removed. 
37,387  cubic  yards  mud  dredged. 
993  linear  feet  of  pile  dike  built. 
242^  linear  feet  of  crib  dike  built. 

Under  authority  from  the  Chief  of  Engineers  the  following  work  was 
done  by  hired  labor :  14,855  cubic  yards  of  mud,  clay,  and  Iwwlders  re- 
moved from  the  upper  end  of  the  cut  near  and  under  the  draw-bridge  on 
the  Boston  road,  and  16,235  cubic  yards  frt)m  the  west  bank  of  the  chan- 
nel near  the  mouth  of  the  creek  opposite  Goose  Island. 

Work  was  suspended  on  May  12, 1878.  as  the  funds  had  become  ex- 
hausted. Under  the  appropriation  of  $10,000,  approved  June  18, 1878, 
it  is  proposed  to  continue  the  work  of  dreaging  near  the  drawbriage  on 
the  Boston  Eoad  and  opposite  Goose  Island,  and  to  remove  a  shoal  out- 
side of  Pelham  bridge. 

This  work  has  been  under  the  superintendence  of  Capt.  James  Mer- 
cur,  Corps  of  Engineers,  since  August  20, 1877. 

This  work  is  in  the  collection  district  of  New  York. 
Nearest  port  of  entry,  New  York. 
Nearest  liffht-house,  Stepping;  Stones. 
Amount  of  revenue  collected^  $91,992,629.62. 

Amount  of  commerce  and  navigation  benefited  by  completion  of  the  work  would  bo 
$2,238,203  annuaUy. 

ORIGINAL  ESTIMATE. 

Basin,  purchase  of  site,  18  acres,  at  $150 $2,700  00 

Excavation  to  level  of  mean  low- water,  200,000  cubic  yards,  at  40  cents..  80,000  00 

Excavation  of  cut,  60.000  cubic  yards,  at  40  cents 24,000  00 

Diking  and  reveting  oanks  of  cut 12,000  00 

Engineering  and  contingencies... « 17,800  00 

136,500  00 

AMOUNT  APPROPRIATED. 

By  act  of  Congress  approved  March  3,  1873 $25,000  00 

By  act  of  Congress  approved  March  3,  1875 12,000  OO 

By  act  of  Congress  approved  June  18,1878 10,000  00 

47, 000  00 

Amount  expended 36,988  25 

Money  statement 

July  1,  1877,  amotmt  available $29,718  87 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$39,718  87 

July  1, 1878,  amount  expended  during  fiscal  year 29, 707  12 

July  1,  1878,  amount  available 10,011  75 

Amount  (estimated)  reouired  for  completion  of  existing  project 89, 500  00 

Amount  that  can  be  proh tably  expended  in  fiscal  year  ending  June  30, 1880.       10, 000  00 
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D6. 

IMPROVEMENT  OP  HARBOR  AT  PORT  CHESTER,  NEW  YORK. 

There  being  no  appropriation  for  this  work,  no  operations  were  con- 
dncted  during  tlie  year,  except  making  a  survey  of  Byram  River,  with 
a  view  to  the  improvement  of  this  portion  of  the  harbor. 

CoUection-district,  New  York. 

Nearest  port  of  entry.  New  York. 

Nearest  light-house.  Great  Captain's  Island. 

Amount  of  revenue  collected,  $91,992,629.62. 

Amount  of  commerce  to  be  benefited  oy  completion  of  this  work . 

ORIGINAL  SSTIMATE. 

Removing  rocks  and  building  breakwater 196,632  00 

Amount  appropriated  by  act  of  Congress  approved  June  10, 1872 12, 000  00 

Money  statement 

July  1, 1877,  amount  available $2,200  00 

July  1,  1878,  amount  expended  during  fiscal  year 250  00 

July  1,  1878,  amount  available 1,960  00 

Amount  (estimated)  required  for  completion  of  existing  project 84, 632  00 


D7. 

IMPROVEMENT  OF  HARBOR  AT  RONDOUT,  NEW  YORK. 

The  branch  dike,  883  feet  in  len^h,  under  contract  with  H.  V.  Sloat 
&  Brother,  was  completed  September  12, 1877. 

Contract  was  made  September  12, 1877,  with  Thomas  Sturgeon,  sr., 
for  950  feet  of  pile-dike  on  south  siae  of  the  channel.  The  work  was 
completed  June  1, 1878, 893  feet  6  inches  of  dike  having  been  completed. 

The  junction  of  the  north  and  branch  dikes  being  very  much  exx)osed 
to  damage  by  steamers  and  tows  striking  against  it  when  entering  the 
harbor,  authority  was  received  to  place  a  fender  of  pile-work  around 
the  junction  of  the  two  dikes,  and  to  drive  spring-piles  along  the  face 
of  the  north  dike  and  branch  dike  to  mark  their  location  at  high-water. 

This  work  was  done  by  hired  labor,  and  64  spring-piles  were  driven, 
and  fender-work  for  200  feet  along  the  face  of  the  north  dike  and  125 
feet  along  face  of  branch  dike.    - 

During  the  prevalence  of  high-wateV  in  the  spring  of  1878,  a  large 
schooner  ran  through  the  south  dike^  which  was  entirely  covered,  mak- 
ing a  break  completely  through  the  dike  of  about  40  feet. 

tinder  ^authority  from  the  Chief  of  Engineers  this  was  repaired  by 
hired  labor  and  open  purchase,  and  a  number  of  spring-piles  were  driven 
along  the  face  of  the  dike  to  mark  its  locality  during  high- water. 

This  work  has  been  under  the  superintendence  of  Capt.  James  Mercur, 
Corps  of  Engineers,  since  August  20, 1877. 

CoUection-difltriot,  New  York. 

Nearest  port  of  entry,  New  York. 

Amount  of  revenue  collected,  $91,992,629.62. 

Amount  of  commerce  and  navigation  benefited  by  the  completion  of  this  work . 

27  E 
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ORIGINAL  ESTIMATE. 

North  dikev $41,600  00 

Branch  dike 34,400  00 

South  dike ♦— .  59,600  00 

Dred^ng  channel : 14,400  00 

Contingencies  and  engineering 22,500  00 

172,500  00 

AMOUirr  APPROPRIATED. 

By  act  of  Congress  approved  Jnne  10,  1872 |10,000  00 

By  act  of  Conffrees  approved  March  3,  1873 20,000  00 

Amount  allotted  June  8,  1875 : 

From  repairs  of  harbor  on  Atlantic  coast 762  18 

From  contingencies  of  rivers  and  harbors,  &.C 237  82 

By  act  of  Congress  approved  August  14,  1876 30,000  00 

By  act  of  Congress  approved  June  18, 1878 30,000  00 

91,000  00 


Amount  expended 56,496  47 

Money  statement 


July  1,  1877,  amount  available (23,289  77 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 


$53,289  77 


July  1, 1878y  amount  expended  daring  fiscal  year 18,786  24 

Julyl,  1878,  amount  available 34,503  53 

Ahitract  of  bids  far  constructing  pUe-<Uke  at  Eondout  Harhor,  New  York,  September  5,  1877. 


Bidders. 


Price  per 
linear  foot. 


W.  P.  Kennedy,  Calvin  E.  Brodhead. 

John  H.  C.  ScnJly.P.  J.Doherty 

P.  Sandfoid  Boss 

H.  V.  Sloat  &  Bro 

Wmiam  B.  Fuller 

Thomas  Sturgeon,  ar 


$14  50 
12  60 
695 
6  73 
6  40 
4  79 


AUtract  of  owiratA  for  constructing  pile-dike  at  Bondout  Harbor,  New  York. 

ContraoCor. 

Beaidence. 

Date  of  con- 
tract 

Saltiect  of  contract 

Bemaiks. 

Thoma8Stnrgeon,sr 

Bondont,      Ulster 
'  Ck>anty,  New  York. 

Sept  12, 1877 

Conatmcting  south 
pile-dike. 

To  be  completed  by 
December  81,  1877. 
Extended  to  June 
80,1878. 

D  8. 

IMPROVEWDENT   OF    CHANNEL    BETWEEN    STATEN    ISLAND    AND   NEW 

JERSEY. 

No  work  has  been  done  under  the  appropriation  of  $10,000^  approved 
August  14, 1876,  as  the  efforts  to  ascertain  the  needs  of  commerce  have 
not  resulted  in  anything  satisfactory  enough  to  warrant  the  expenditure 
of  the  appropriation. 

Under  act  of  June  18, 1878,  $15,000  was  appropriated  for  improve- 
ment of  Staten  Island  Sound,  between  New  Jersey  and  Staten  Island. 
This  is  essentially  the  same  work  as  embraced  under  the  former  appro- 
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priatioDS,  althoagh  there  is  a  Blight  change  in  the  phraseology  of  this 
latter  appropriation. 

An  examination  is  now  being  made  for  work  pertaining  to  the  estab- 
lishment of  pier  and  bulkhead  lines  on  Staten  Island  for  the  State  of 
!New  York,  and  when  this  is  completed  it  is  expected  that  a  proper  ap- 
plication of  these  appropriations  wiU  be  developed. 

This  work  is  in  the  coHection-distriot  of  Kew  York. 

Nearest  port  of  entry,  New  York. 

Light-honse,  Bergen  Point. 

Amount  of  revenne  coUected,  191,992,039.62. 

Amount  of  commerce  to  be  benefited  by  the  completion  of  this  work, . 

ESTIMATE  OF  BOARD  OF  ENGINEERS. 

Dredfpng,  390,000  cubic  yards,  at  16  cents $36,800  00 

Contmgencies,  10  percent 3,680  00 

40,480  00 

AMOUNT  APPROPRIATED. 

By  act  of  Congress  approved  August  14,  1876 $10,000  00 

By  act  of  Congress  approved  June  18, 1878 , 15,000  00 

25,000  00 

Money  statement. 

July  1,  1877,  amount  available $10,229  74 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

$25,229  74 

July  1, 1878,  amount  expended  during  fiscal  year , 5  00 

Julyl,  1878,  amount  available 25,224  74 

Amount  (estimated)  reonired  for  completion  of  existing  project 15, 480  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .      15, 000  00 


D  9. 

IMPROVEMENT  OF  EARITAN  RIVER,  NEW  JERSEY. 

Under  the  appropriation  of  June  18, 1878,  of  $200,000,  it  is  proposed 
to  commence  work  on  that  portion  of  the  river  below  Whitehead's 
Dock,  if,  after  consultation  with  parties  interested  in  the  navigation  of 
the  river,  that  should  seem  to  be  the  most  available  part  of  the  river  for 
developing  the  interests  of  commerce. 

This  work  is  in  the  coUection  district  of  Amboy. 
Nearest  port  of  entry,  Perth  Amboy. 
Nearest  light-house.  Prince's  Bay. 

Amount  of  revenue  collected, 

Amount  of  commerce  to  be  benefited  by  e<Hnpletion  of  this  work, . 

ORIGINAL  ESTIMATE. 

Far  a  lO-foot  channel  at  mean  lauMoater. 

Dredging  tidal  basin,  648.000  cubic  yards,  at  40  cents |259,200  00 

Shoal,  commencing  160  feet  below  New  Brunswick  locks,  2^,051  cubic 

yards,  at  35  cents 78,7G7  85 

Bocks,  300  feet  below  New  Brunswick  locks,  2,399  cubic  yards 76, 768  00 

Ledffe  of  rocks,  3,300  feet  above  Martin's  Dock,  17,504  cubic  yards 542, 624  00 

Reef  of  rocks  opposite  Martin's  Dock,  4.672  cubic  yards 182, 208  00 

Shoal  below  Widmar's  Dock,  14,400  cubic  yards,  at  35  cents. n 5,040  00 
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Keef  of  rocks  covered  with  sand,  near  Whitehead's  Dock,  11,509  cnhic 

yards $497,188  80 

Middle  ground,  55,555  cubic  yards,  at  35  cents 19,444  25 

Stakes,  15,528  cubic  yards,  at  35  cents 5,434  80 

Dike,  11,400  feet  long,  at|13.50per  running  foot 153,900  00 

Contingencies,  15  per  cent,  of  the  above • 273,086  35 

2,093,662  05 

Money  Statement 

Amount  appropriated  by  act  approved  June  18,  1878 f200, 000  00 

July  1,  1878,  anaount  available.: 200,000  00 

Amount  (estimated)  required  for  completion  of  existing  project .'. . .  1, 893, 662  05 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .  200, 000  00 


D  zo. 

IMPROVEMENT  OF  ECHO  HAEBOR,  NEW  ROCHELLE,  NEW  YORK. 

Under  the  appropriation  of  June  18, 1878,  of  $10,000,  it  is  projwsed 
to  advertise  for  proposals  for  the  removal  of  the  rock  known  as  "  Start 
Eock"  to  a  depth  of  7  feet  below  mean  low- water. 

This  work  is  in  the  collection  district  of  New  York. 
Nearest  port  of  entry,  New  York. 
Nearest  lieht-house,  Execution  Rock. 

Amount  of  duties  collected  for  year  ending  June  30,  1878,  |91,992,G29.62. 
Amount  of  commerce  to  be  benefited  by  the  completion  of  this  work  is  estimated  at 
$1,000,000  per  year. 

ESTIMATE  OF  COST  OF  IMPROVING  ECHO  HARBOR,  NEW  ROCHEIXB,  NEW  YORK,  BY  THE 
REMOVAL  OF  '^SHEEPSHEAD  ROCK''  TO  A  DEPTH  OF  9  FEET  BELOW  MEAN  LOW-WATl^R, 
AND  OP  "START  ROCK"  TO  A  DEPTH  OP  7  FEET  BELOW  MEAN  LOW-WATER. 

Sheepshead  Rock,  872.5  cubic  yards,  above  the  9-foot  curve  of  905  square 
feet  area,  at  124.30  per  cubic  yard $21,201  75 

Start  Rock,  370  cubic  yards,  spread  over  an  area  of  264  square  yards 
within  the  6-foot  curve,  at  |34.25  per  cubic  yard..... 12,672  50 

Contingencies,  15  percent,  of  the  above 5, 061  13 

Total 38,955  38 

AM0X7NT  APPROPRIATED. 

By  act  of  Congress  approved  June  18, 1878 $10,000  00 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 |10, 000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 28, 955  38 

Amount  that  can  be  profitably  expended  in  fiscal  year  enmng  June  30, 1880.    10, 000  00 


D  XI, 

IMPROVEMENT  OF  HARBOR  AT  PLATTSBURGH,  NEW  YORK. 

The  empty  cells  in  the  breakwater  have  been  refilled  with  stone.  The 
bar,  extending  easterly  from  the  £EU3e  of  the  south  wharf,  has  been  re- 
moved. The  water  from  this  point,  extending  in  a  northerly  direction 
to  and  along  the  face  and  approaches  of  the  northern  line  of  wharves, 
has  been  increased  to  a  deptJbi  of  8  feet  and  upward,  and  proving  a  great 
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benefit  to  commerce  and  navigation.  Ten  liimdred  and  seventy-three 
cubic  yards  of  silt,  sand,  clay,  and  stone  have  been  dredged  and  re- 
moved from  the  harbor,  and  525  cubic  yards  of  rubble-stone  applied  to 
the  repair  of  the  breakwater. 

Dei)08its  are  collected  along  the  wharf  front  and  also  between  the 
wharves  and  the  breakwater,  diminishing,  in  consequence,  the  importance 
to  commerce  and  navigation  of  this  structure.  These  shoals  appear  to 
gatiier  in  bulk  sufficient  to  obstruct  navigation  at  intervals  of  six  or 
seven  years,  when  dredging  becomes  necessitry. 

During  the  present  fiscal  year  about  $3,400  have  been  applied  to  the 
obstructions  nearest  to  the  wharves,  and  it  is  estimated  that  $5,000  more 
will  be  required  to  remove  those  nearest  the  breakwater. 

The  dei)osit8  causing  thus  an  expenditure  of  nearly  $9,000  in  seven 
years  come  ftom  two  sources,  viz,  by  drift  from  waves  beating  along 
the  face  of  the  United  States  reservation ;  and,  second,  from  the  deposits 
of  silt,  sawdust,  &c.,  brought  down  by  the  currents  of  the  Saranac. 

Upon  the  plan  herewith  sent  two  lines  of  crib  dike  are  sketched — ^the 
one  extended  to  form  a  pocket  south  of  the  extreme  south  wharf  for  the 
collection  of  the  wash  along  the  shore  of  the  reservation,  the  other  to 
change  the  direction  of  the  discharge  of  the  river,  and  to  locate  its  de- 
posits at  a  point  more  distant  from  the  breakwater. 

The  estimated  cost  of  these  breakwaters  is  between  $45,000  and 
$50,000.  The  annual  interest  upon  this  cost  would  somewhat  exceed 
the  annual  expense  of  dredging,  and  hence  it  is  recommended  that 
appropriations  for  dredging  l^  made  from  time  to  time. 

Plattsburgh  is  in  the  coUection-district  of  Champlain,  and  is  a  port  of  entry. 
Nearest  fort,  Fort  Montgomery,  Ronse'a  Point,  New  York. 

Amount  of  revenue  collected  at  this  port  durinff  the  last  fiscal  year . 

Commerce  to  be  benefited  by  the  completion  of  this  improvement . 

£STIMATS  OF  SEPTEMBER  30,  1870. 

Extension  of  breakwater,  400  feet $40,000  00 

Revetment 7,000  00 

Dredging 16,000  00 

ContiDgencies 2,000  00 

65,000  00 

AMOUNT  APPROPBIATED. 

By  act  of  Congress  approved  July  11,  1870 $10,000  00 

By  act  of  Congress  approved  March  3, 1871 15,000  00 

By  act  of  Congress  approved  June  10.  1872 10,000  00 

By  act  of  Congress  approved  March  3,  1873 10,000  00 

By  act  of  Congress  approved  Jane  23,  1874 5, 000  00 

50,000  00 
Amount  expended 49,019  51 

M(mey  statement. 

Julyl,  1877,  amount  available $4,941  52 

July  1,  1878,  amount  expended  during  fiscal  year 3, 961  03 

July  1,  1878,  amount  available 980  49 

Amount  (estimated)  required  for  dredging 5,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.    5, 000  00 
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D  19. 

IMPROVEMENT  OF  HARBOR  AT  BURLINGTON,  VERMONT. 

The  240  linear  feet  of  the  southern  end  of  the  breakwater  remaming 
unfinished  last  year  has  been  completed. 

A  crib  28  feet  in  length  and  of  the  required  height  for  filling  the  "  gap'' 
near  the  southern  end,  has  been  constructed,  sunk  in  position,  and  filled 
with  stone.  The  broken  timbers  along  the  water-line  of  the  exterior  face 
of  the  old  breakwater^  for  nearly  1,150  running  feet,  have  been  replaced 
by  the  substitution  of  new  material. 

The  work  of  repairing  the  200-feet  rent  near  the  northern  end,  by  the 
removal  of  the  dSbris  and  reconstruction  of  the  superstructure  has  been 
completed,  and  the  exterior  fsee  of  this  part  of  the  breakwater,  together 
with  the  1,150  running  feet  of  the  old  and  270  feet  of  the  new,  near  the 
southern  extremity,  has  been  resheathed  with  3-inch  pine  plank. 

Several  cells  in  the  old  breakwater,  whose  floors  had  failed  (or  given 
way),  have  been  repaired  and  filled  with  stone,  and  about  390  cubic 
yards  of  rubble-stone  have  been  applied  to  the  riprapping  of  diflerent 
parts  of  the  work. 

Under  the  appropriation  of  June  18, 1878,  of  ^20,000,  it  is  proposed  to 
continue  the  extension  of  the  work  in  a  northwesterly  direction. 

This  work  is  in  the  collection  district  of  Vermont. 

Nearest  port  of  entry,  Barlington. 

Fort  Moutcomery  is  the  nearest  fort. 

Nearest  light-house,  Junij^r  Island. 

Beacon  liffhts  are  also  maintained  upon  either  end  of  the  breakwater  in  this  harbor. 

Amount  of  revenue  collected  at  thid  port  during  the  fiscal  year,  $88,684. 

ORIGINAL  ESTIMATE. 

For  2,000  feet  of  breakwater  extension,  in  a  northwest  direction,  as  recommended 
in  my  report  for  year  ending  June  30,  1874,  $340,000. 

AMOUNTS  SINCE  APFROPRIATBD. 

By  act  of  Congress  approved  March  3.  1875 $25,000  00 

By  act  of  Congress  approved  August  14,  1876 20, 000  00 

•  By  act  of  Congress  approved  June  18, 1878 -...• 20,000  00 

65,000  00 
Amount  expended 42, 240  35 

Money  statement 

July  1,  1877,  amount  available • |16,477  15 

Amount  appropriated  by  act  approved  June  18,  1878 20, 000  00 

$35, 477  15 

July  1, 1878,  amount  expended  during  fiscal  year 12,717  50 

Julyl,  1878,  amount  available 22,759  65 

Amount  (estimated)  required  for  completion  of  existing  project 275, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    50, 000  00 
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D  13. 
IMPBOVEMEKT  OF  HARBOR  AT  8WANT0N,  VERMONT. 

Mr.  D.  White,  assistant  engineer,  submits  the  following  report: 

Under  the  appropriation  of  August  14, 1876,  of  $2,000,  no  work  has 
been  done,  the  amount  being  too  small  to  permit  the  construction  of  a 
crib  of  sufCLcient  size  to  maintain  its  stability. 

This  breakwater  was  seriously  injured  by  ice-floes  during  the  preva- 
lence of  a  heavy  northwesterly  storm  in  the  month  of  March  last,  the 
69  linear  feet  last  constructed  was  careened  over  to  an  angle  of  aoout 
450,  and  two  courses  of  timber  along  the  water-line  of  the  interior  fetce 
of  the  acyoining  section  were  crush^  and  torn  from  their  places,  per- 
mitting a  large  quantity  of  the  stone  Ming  of  the  superstructure  to  drop 
out 

Under  the  appropriation  of  June  18, 1878,  of  $20,000,  together  with 
the  preceding  one  of  $2,000,  it  is  proposed  to  repair  the  injuries  inflicted 
on  the  breakwater  by  the  ice-floes^  and  to  continue  the  extension  of  the 
breakwater  in  a  northwesterly  direction  by  the  construction  of  new 
work. 

Swanton  Harbor  is  in  the  coUection  distriot  of  Vermont. 

Nearest  port  of  entry,  Alborgh,  Vt. 

Fort  Moutffomery  is  the  nearest  fort. 

Nearest  light-house,  WinclmiU  Point. 

The  amount  of  commerce  to  be  benefited  by  this  improvement—. 

OBIGINAL  ESTIMATE. 

For  1,900  linear  feet  of  breakwater ^2,160  00 

AMOUXTS  APPROPBIATED. 

By  act  of  Congress  approved  March  3, 1873 fl5,000  00 

By  act  of  Congress  approved  June  23,  1874 8,000  00 

By  act  of  Congress  approved  March  3,  1875 10, 000  00 

By  act  of  Congress  approved  August  14,  1876 2, 000  00 

By  act  of  Congress  approved  June. 18,  1878 20,000  00 

55,000  00 
Amount  expended 32,399  50 

Money  /statement 

July  1,  1877,  amount  available (2,610  65 

Amount  appropriated  by  act  approved  June  18,  1878 20, 000  00 

— : $22,610  65 

July  1,  1878,  amount  expended  during  fiscal  year 10  15 

July  1,  1878,  amount  available 22,600  50 

Amount  (estimated)  reouired  for  completion  of  existing  project 217, 160  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    20, 000  00 


D  14. 

IMPROVEMENT  OF  OTTER  CREEK,  VERMONT. 

For  want  of  f^mds,  work  on  this  improvement  ha49  been  suspended 
since  August,  1875. 
Under  the  appropriation  of  June  18,  1878,  it  is  proposed  to  resume 
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operations  on  the  improvement  of  the  channel  and  the  navigation  of 
Vergennes  Basin. 

Vergennes,  Vt.,  is  in  the  ooneotion  district  of  Vennont. 

Nearest  port  of  entry,  Bnrlington,  Vt. 

Nearest  fort,  Fort  Montgomery,  Rouse's  Point,  N.  Y. 

Amount  of  commerce  to  be  benefited  by  this  improvement  . 

ORIGINAL  ESTIMATE. 

Dredging  dikes  and  fascine  work $57^646  00 

Removing  trees <i 500  00 

58,146  00 

AMOUNTS  APPROPRIATED. 

By  act  of  Congress  approved  June  10,  1872.... |10,000  00 

By  act  of  Congress  approved  March  13,  1875 5,000  00 

By  aet  of  Congress  approved  June  18,  1878 8,000  00 

2:i,000  00 
Amount  expended 14,949  16 

Money  statement 

July  1,  1877,  amount  available $55  84 

Amount  appropriated  by  act  approved  June  18,  1878 ^        8, 000  00 

$8,055  84 

July  1,  1878,  amount  expended  during  fiscal  year 5  00 

July  1,  1878,  amount  available 8,050  84 

Amount  (estimated)  required  for  completion  of  existing  project 35, 146  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enoing  June  30, 1880.      20, 000  00 


D  15. 

examination  of  the  coast  of  long  island  between  rockaway 
inlet  and  coney  inland. 

United  States  Enoineeb  Office, 

New  Yarky  March  8, 1878. 
General  :  I  have  respectfully  to  furnish  the  following  report  in  pur- 
suance of  a  resolution  of  the  House  of  Eepresentatives  of  January  29, 
1878: 

Besolved,  That  the  Secretary  of  War  be,  and  he  hereby  is,  directed  to  comniunicat<e  to 
the  House  as  soon  as  practicable,  what  improvements,  if  any,  are  demanded  by  the 
interests  of  conunerce  along  the  south  coast  of  Long  Island,  New  York,  between  Rocka- 
way  Inlet  and  Coney  Island  Point,  based  on  examinations  and  surveys  akeady  made 
by  the  Coast  Survey  or  other  departments  of  the  government. 

The  scope  of  this  resolution  is  broad,  and  evidently  includes  a  discus- 
sion of  the  propriety  of  erecting  breakwaters  as  well  as  improving  the 
entrances  of  such  inlets  as  may  be  found  along  the  section  of  coast 
specified. 

BREAEWATERS. 

The  coasts  of  Long  Island  and  of  !N'ew  Jersey  meeting  at  the  bar  at 
Sandy  Hook,  limit  a  water  area  which  is  exx>osed  to  the  severest  gales 

S[)m  the  northeast  around  to  the  south)  which  desolate  this  coast, 
e  line  specified  under  the  resolution  is  but  5^  nules  in  length,  from 
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the  point  of  Coney  Island  to  Bockaway  Inlet,* and  every  part  of  it 
being  in  the  immediate  neighborhood  of  the  entrance  to  the  harbor 
of  New  York,  the  question  would  naturally  arise,  what  necessity  under 
such  circumstances  could  there  be  for  the  construction  of  a  breakwater  t 
Obviously,  only  under  the  contingency,  which  would  belong  to  a  very 
severe  storm,  of  the  waves  breaking  on  the  bar  and  thus  preventing 
the  passage  of  the  tempest-tossed  vessels  to  the  natural  harbor  within. 
The  position  for  a  breakwater  under  this  aspe<;t  of  things  along  the 
portion  of  the  coast  under  consideration,  would  be  west  of  Eockaway 
Inlet  in  5  fathoms  of  water — ^the  line  facing  the  southeast.  This  line 
would,  if  prolonged,  intersect  at  short  distances  the  shore  of  Long 
Island  and  Sandy  Hook,  and  would  thus  have  its  flanks  protected  from 
dangerous  seas.  Eockaway  Inlet,  however,  is  continually  advandng 
westward,  accompanied  by  immense  shoals  of  moving  sand,  which  are 
gradually  restricting  and  may  finally  obliterate  the  deep-water  area 
suitable  for  a  breakwater  and  now  lying  between  the  inlet  and  Coney 
Island  Point,  rendering  it  necessary  thereby  to  fix  the  location  in  deeper 
water  and  in  a  more  exposed  position. 

No  money  was  granted  by  Congress  for  the  examination  of  the  locali- 
ties specified  in  the  resolution  5  and,  for  the  purposes  of  this  report, 
recourse  has  been  had  to  charts  made  by  the  Coast  Survey  in  1856-^56 
and  1877.  There  is  a  large  amount  of  specific  information  connected 
with  the  question  of  the  establishment  of  a  breakwater  on  this  coast 
which  would  not  naturally  be  found  in  the  mere  results  of  surveys,  and 
hence,  beyond  i)ointing  out  the  obvious  risks  of  the  shoals  hereafter 
interfering  with  the  effects  of  a  breakwater  placed  in  the  position  in- 
dicated, it  is  not  expedient  under  existing  circumstances  to  attempt  to 
be  more  exact  in  predicting  results. 

IMPBOVIKQ^  THE  INLETS. 

There  are  two  inlets  within  the  spaoe  considered,  into  Jamaica  Bay 
and  into  Sheepshead  Bay.  The  former,  called  Bockaway  Inlet,  is  by  far 
the  most  considerable,  and  is  besides  the  only  one  of  which  surveys  have 
been  published. 

The  Coast  Survey  of  1855-'56  shows  a  depth  over  the  bar  of  9  feet 
at  mean  low-waten  and  the  recent  examination  in  1877  shows  an  im- 
proved depth  of  15  feet.  The  first  survey  makes  the  channel  from  the 
inlet  to  the  bar  much  curved,  presenting  its  concavity  to  the  eastward. 
The  last  survey  shows  a  straight  channel,  its  direction  being  a  Uttle 
to  the  west  of  south. 

It  is  quite  likely,  from  this  information  as  well  as  fix)m  general  princi- 
ples, that  the  straight  channel,  under  like  circumstances,  would  always 
correspond  to  the  greatest  depth  over  the  bar,  though  a  more  lengthened 
course  of  observations  would  be  needed  to  demonstrate  absolutely  this 
conclusion,  and  what  is  more  important,  to  point  out  what  direction 
given  to  the  channel  would  correspond  to  the  greatest  possible  depth  on 
the  bar. 

This  inlet  with  the  shoals  attached  has  moved  westward  from  1856  to 
1877,  a  period  of  twenty-one  years,  a  distance  of  4,620  feet,  being  at 
the  rate  of  220  feet  per  year.  An  attempt  to  arrest  this  movement  by 
artificial  works  would  be  successful  only  after  enormous  expenditures, 
and  would  inevitably  result  in  the  obliteration  of  the  inlet  itself.  The 
sole  improvement,  therefore,  of  which  this  entrance  is  susceptible  consists 
in  giving  the  proi)er  direction  to  its  channel,  and  this  can  be  done  by 
constructing  a  series  of  groins  ux)on  the  eastern  shoal  to  encroach  upon 
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the  eastern  edge  of  the  channel  at  those  plaees  where  it  may  be  found 
necessary  to  remedy  or  modify  a  curvature  in  the  course  of  the  channel. 
It  is  obvious  that  these  constructions  will  not  interfere  with  the  free 
movement  westward  of  the  shoals  and  inlet. 

The  groins  should  be  of  little  height  and  submerged  wherever  practi- 
cable, and  be  constructed  of  gabions  as  recommended  and  tested  by 
Major  Howell,  Corps  of  Engineers,  at  Galveston. 

The  cost  per  running  foot  of  these  constructions  would  at  most  be  $20, 
and  this  high  rate  is  assumed  because  it  would  be  at  infrequent  and 
irregular  intervals  only  tJlat  the  work  would  go  on. 

The  depth  over  the  bar  being  now  16  feet,  no  improvement  at  present 
appears  to  be  needed. 

The  south  coast  of  Long  Island,  from  Coney  Island  to  and  beyond 
Rockaway  Inlet,  is  the  subject  of  a  present  and  apparently  permanent 
development.  As  a  summer  resort  it  numbers  its  visitors  already  by 
hundreds  of  thousands,  and  the  necessary  establishments  for  their  ac- 
commodation are  steadily  and  largely  on  the  increase. 

The  commerce  by  vessels  is  now  principally  confined  to  the  summer 
season. 

The  qualities  of  the  locality  as  a  convenient  and  healthfrQ  summer 
resort,  and  the  proximity  and  extension  towards  the  coast  of  the  large 
city  of  Brooklyn,  will  probably  lead  to  a  large  permanent  population, 
for  the  supply  of  which  the  water  expanse  of  Jamaica  Bay  and  the  pres- 
ervation of  its  inlet  in  good  condition  will  be  important  items.  Prom 
the  nature  of  the  case  there  can  be  no  definite  statistics  of  commerce 
and  navigation  frimished  for  this  section  of  the  coast. 

According  to  the  present  rate  of  advance  westward,  Eockaway  Inlet 
in  about  sixty  years  will  have  moved  with  its  shoals  and  have  become 
mixed  with  the  passes  and  shoals  of  New  York  Harbor  lying  between. 
Sandy  Hook  and  Coney  Island.  When  this  shall  happen,  the  inlet  will  be 
practically  closed. 

But  there  is  no  certainty  that  the  present  rate  of  advance  will  be 
maintained,  because  the  information  is  not  available  to  determine  whether 
the  currents  from  iNew  York  Bay  may  not  seriously  check  and  modify 
such  movement. 

Whatever  may  be  its  duration,  it  is  but  fair  to  grant  the  strong  prob- 
ability that  sooner  or  later  the  inlet  must  close  for  commercial  purposes, 
and  hence  the  scheme  of  improvement  adopted  should  be  inexpensive, 
like  that  recommended  in  a  former  part  of  this  report. 

CONCLUSIONS. 

1.  A  breakwater  along  this  section  of  the  coast  will  be  needed  only 
when  the  waves  break  on  the  bar  at  Sandy  Hook,  and  make  a  run  into 
Kew  York  Bay  dangerous  or  impossible. 

2.  The  advance  of  the  inlet  and  shoals  westward  will  probably  inter- 
fere with  the  future  use  of  the  breakwater,  unless  the  position  of  this 
structure  be  advanced  into  deep  water  sufficiently  far  to  avoid  such 
result. 

3.  The  channel  leading  into  Rockaway  Inlet  is  now  straight,  and 
maintains  the  considerable  depth  of  16  feet  over  the  bar,  which  is  amply 
sufficient  for  aU  present  and  future  commercial  purposes.   . 

4.  Although  the  motion  westward  of  the  inlet  and  its  channel  cannot 
be  prevented,  nevertheless  such  direction  and  shape  to  this  channel  can 
be  preserved  as  may  be  found  by  experience  to  accompany  and  belong 
to  the  greatest  draught  over  its  bar. 
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5.  There  is  a  strong  probability  that  sooner  or  later  the  inlet  will  close 
for  commercial  purposes,  and  hence  the  mode  of  improvement  should  be 
inexpensive,  as  recommended  in  the  report. 

6.  The  infonnation  to  be  obtained  and  bearing  upon  the  subjects  con- 
sidered^ although  indicative  of  certain  general  results,  is  altogether 
insufficient  for  a  complete  solution  of  the  questions  formally  presented 
and  of  those  arising  from  a  consideration  of  the  subject,  and  farther 
examinations  intelligently  directed  may  largely  modi^  certain  conclu- 
sions now  considered  altogether  probable. 

Respectfully  submitted. 

John  Fewton, 
Lieut  Col.  JBngineerSy  Bvt  Maj.  Oen. 
Brig.  Gen.  A.  A.  Humphbeys, 

Chief  of  EngineerSj  U.  8.  A. 


D  x6. 


EXAMINATION  AT  JUNCTION  OF  NEWTOWN  CHEEK  AND  EAST  HIVEK, 

NEW  YORK. 

United  States  Engineer  Office, 

Kei€  Yorkj  March  26, 1878. 
General  :  I  have  the  honor  to  acknowledge  the  receipt  of  a  letter 
£rom  the  office  of  the  Chief  of  Engineers  of  the  21st  instant,  communica- 
ting the  following : 

In  the  House  or  Reprbsrntatives, 

March  20,  1878. 
On  motion  of  Mr.  Covert : 

RcMlved,  That  the  Secretary  of  War  be  requested  to  inform  this  House  whether  any 
deposits  haye  oecnrred  at  the  piers  near  the  junction  of  Newtown  Creek  and  the  East 
River,  in  the  State  of  New  York,  calcuhited  to  obstruct  navigation,  and  if  so,  the  prob- 
able cost  of  removing  the  same. 

On  February  8,  last,  I  received,  by  indorsement,  from  the  office  of  the 
Chief  of  Engineers,  a  communication  upon  the  subject  of  the  improve- 
ment of  Newtown  Creek,  from  Mr.  H.  8.  Anable  to  the  Hon.  James  W. 
Covert,  M.  C. 

Union  College  Land  Office, 

Long  Island  Citff,  December  10, 1877. 

Dear  Sir  :  Herewith  I  send  yon  map  of  the  month  of  Newtown  creek,  showing  water 
grant  and  dock  lines.  The  docKS  on  tne  north  side  of  the  creek^  as  well  as  the  east  side 
of  the  East  River  at  this  point,  are  all  huilt  and  mostly  occupied;  and  so  is  the  most 
of  it  on  the  Brooklyn  side  of  tne  creek. 

At  the  month  of  this  creek  is  a  heavy  sand  har  which  very  serionsly  distnrbs  the 
commerce  of  the  creek.  Much  money  has  already  been  expended  by  privat*  individ- 
uals npon  this  bar,  but  the  burden  is  too  great  and  the  benelit  too  general  for  private 
enterprise. 

An  appropriation  of  $30,000  judiciously  expended  in  removing  this  bar  would  give 
25  feet  of  water,  and  thus  open  Newtown  Creek  to  the  commerce  of  the  world.  Large 
quantities  of  refined  oil  is  ahready  shipped  from  this  creek,  which  is  taken  in  lighters 
ont«ide  of  the  bar. 

I  know  of  no  expenditure  of  money  which  would  be  more  national  in  its  character 
than  the  improvement  of  this  portion  of  the  harbor  of  New  York. 

Last  winter,  late  in  the  session,  Mr.  A.  M.  Bliss,  of  Brooklyn,  introduced  a  bill  for 
this  purpose.  He  has  spent  the  most  of  his  life  on  the  banks  of  this  creek,  and  knows 
all  about  its  needs.  Please  consult  him.  Hon.  C.  N.  Potter  understands  this  case,  and 
will  give  you  any  needed  assistance.  Please  mention  to  him  the  substance  of  this  let- 
ter.   He  will  be  a  great  power  in  this  matter. 
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Should  it  be  necessary,  I  will,  at  the  proper  time,  go  before  the  committee  having 
the  bill  in  charge  with  any  further  needed  iuforination.  I  hope  you  will  have  the  biu 
introduced  before  the  recess. 


Respectfully  yours, 
Hon.  JAitfKS  W.  Covert. 


H.  S.  Anable. 


February  2,  1878. 
My  Dear  Sir:  I  be^  most  respectfully  to  call  your  attention  to  the  within  com- 
munication, and  to  solicit  your  kindly  offices  in  having  a  preliminary  survey  of  the 
lo»cality  in  question,  to  the  end  that  the  improvement  referred  to  may  be  made. 
With  great  regard,  your  obedient  servant, 

James  W.  Covert, 
Bepresentative  First  New  York  Dvstrict 
Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U,  S,  A. 

[Second  indorsement.  | 

Office  of  the  Chief  of  Engineers, 

February  7,  1878. 
BespectfuUy  referred  to  Lieut.  Col.  John  Newton,  Corps  of  Engineers,  for  report. 
By  command  of  Brigadier  General  Humphreys. 

John  G.  Parke, 
Major  of  Engineers, 

Notwithstanding  the  fact  that  no  funds  were  granted  with  which  to 
conduct  an  examination,  certain  information,  not  complete,  however,  had 
been  collected  upon  which  to  base  an  opinion  in  reply  to  the  above  com- 
munication at  the  time  when  the  notice  of  the  Congressional  resolution 
was  communicated  to  this  office. 

As  neither  demand  for  a  report  supposed  that  money  for  examinations 
of  the  creek  and  for  collecting  information  was  required,  it  is  not  to  be 
expected  that  this  report  should  contain  any  matter  that  has  not  been 
previously  known. 

A  comparison  of  present  soundings  with  those  of  1856-'57,  shows  a 
general  as  well  as  considerable  silting  up  of  the  creek,  and  the  inference 
is  that  this  diminution  of  depth  is  due  to  reclaiming  lands  under  water, 
and  thus  diminishing  the  tidal  area. 

The  bridge  over  the  creek  at  the  foot  of  Vernon  avenue  is  a  great 
obstruction  to  the  flow  of  the  tides,  and  should  be  essentially  momfled 
or  removed;  and  it  is  reported  that  there  are  two  other  bridges  above 
this  which  likewise  interfere  with  the  tides. 

The  character  of  the  bottom,  both  up  the  creek  and  on  the  bar,  was 
found  in  most  places  to  be  mud,  in  some  places  so  soft  that  the  sounding 
lead  sunk  2  feet  into  it 

The  current-observations  show  that  the  velocities  of  the  ebb  and  flood 
in  mouth  of  the  creek  are  too  small  to  be  available  in  preserving  depths 
once  dredged. 

In  reply  to  the  resolution  of  Congress,  it  must  be  stated  that  deposits 
have  occurred  at  the  piers  near  the  junction  of  Newtown  Creek  and  the 
East  Eiver,  and  that  the  probable  cost  of  removal  to  a  depth  of  14  feet 
at  mean  low-water  would  be  $2,000. 

This  shoal  has  been  dredged  at  some  time  past,  and  the  present  depth 
is  nearly  uniform  ftom  the  junction  of  the  creek  with  the  East  River  as 
far  up  as  the  bridge  at  Vernon  avenue. 

Dredging  unless  relocated  will  be  of  no  avail  in  keeping  open  the  chan- 
nel even  to  a  depth  of  14  feet  at  mean  low- water,  and  if  the  projected 
lines  of  filling  be  adhered  to,  the  normal  depth  of  the  entrance  and  the 
creek  will  be  far  le^s  than  14  feet. 

The  city  of  Brooklyn  contains  within  its  limits  three  channels  which 
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l)enetrate  into  the  heart  of  the  city,  and  are  of  great  utility  in  affording 
landing  places  at  convenient  i)oint8  for  heavy  gw)d8,  and  thereby  dimin- 
ishing the  amount  of  truckage  and  expense  required  for  their  distribu- 
tion. Two  of  these,  the  Growanus  and  the  Wallabout  Canals,  are  com- 
pletely or  nearly  bulkheaded,  and  may  be  regarded  as  finished;  the 
third,  Bushwick  Creek,  is  very  little  better  than  a  swamp,  and  the  in- 
tention has  not  been  developed  either  to  canalize  it,  like  the  former  two, 
or  to  fill  it  up  for  conversion  into  building  lots.  JS^ewtown  creek,  situ- 
ated between  Brooklyn  and  Long  Island  City,  not  only  subserA'^es  the 
purpose  of  a  communication  to  the  interior  of  these  cities,  and  thus  aids 
in  the  cheap  distribution  of  goods,  but  it  is  claimed,  likewise,  as  a  pro- 
per channel  for  vessels  of  heavy  draught  to  load  at  the  wharves  upon 
its  banks. 

The  tendency  always  is  to  contract  the  width  of  channels  penetrating 
into  a  city,  and  to  fiU  in  the  lowlands  on  their  margin  which  overflow 
with  the  tides,  for  various  reasons,  some  of  which  are  of  paramount  im- 
portance— as,  for  instance,  to  establish  convenient  sites  for  business,  man- 
ufactures, &c.,  as  well  88  to  adhere  to  a  certain  design  adopted  for  the 
plan  of  the  city.  '  The  value  of  the  land  on  the  margin  becomes  also  so 
great  that  it  is  considered  more  profitable  to  redeem  it  from  the  water 
than  to  secure  the  preservation  of  the  original  depth  of  the  channel  by 
the  reservation  of  suitable  width  and  space  for  a  tidal  basin.  The  stream 
is -gradually  encroached  upon,  its  tidal  basins  converted  into  building 
lots,  and  the  process  of  canalization  progresses,  until  a  narrow  channel 
between  parallel  bulkhead  walls  is  all  that  remains  of  its  former  propor- 
tions. In  the  mean  time  the  depths  have  decreased  to  an  alarming  ex- 
tent; there  is  but  one  resource,  and  that  is  to  dredge  and  to  continue 
dredging. 

Up  to  this  time  such  has  been  the  effect  of  the  encroachments  upon 
the  bed  of  Newtown  creek.  The  current  has  so  slackened  that  it  is  inca- 
pable of  maintaining  a  depth  of  13  feet  at  mean  low-water  without 
dredgings  repeated  from  time  to  time,  and  if  the  process  of  reclaiming 
land  ftx)m  the  channel  be  continued  upon  the  scale  in  which  it  has  com- 
menced, the  current  will  be  made  entirely  inoperative  for  scouring.  The 
lines  laid  down  by  the  commission  of  1856-'57,  contract  too  much  the 
stream,  and  if  followed  will  entirely  destroy  its  prox)erties  as  a  self-main- 
taining channel. 

The  current^  even  as  it  at  present  exists,  is  not  sufficient  to  clear  off 
the  soft  deposits  which  form  upon  the  harder  bottom. 

The  want  of  money  to  prosecute  a  suitable  survey  and  examination  of 
the  whole  length  of  the  creek  forbids  any  decision  as  to  the  value,  after 
what  has  already  been  done,  of  preventing  further  encroachments  and  a 
further  deterioration  in  depth. 

It  is  not  my  province  to  discuss  the  propriety  of  appropriations  for 
this  improvement,  but  it  is  my  duty  to  present  the  principal  engineering 
"facts  and  reasons  which  bear  upon  the  question. 

EespectfuUy  submitted,  John  I^ewton, 

Lieut  Col.  Engineers^  Bvt.  Maj.  Qen. 

Brig.  G«n.  A.  A.  Humphreys, 

Chief  of  UngineerSy  U.  8.  A. 
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Dl7. 

EXAMINATION  OF  FLUSHING  BAY,  NEW  YORK. 

New  York,  March  28, 1878. 
General.  :  I  have  respectfolly  to  acknowledge  the  receipt  of  com- 
muuieation  of  the  26th  ultimo,  from  the  office  of  tilie  Chief  of  Engineers, 
conveying  the  following : 

In  the  House  of  Representatives. 

February  25,  1878. 
On  motion  of  Mr.  Covert, 

Resolredy  That  the  Secretary  of  War  be,  and  he  is  hereby,  directed  to  commanicate 
to  this  House  as  soon  as  practicable  what  improvements,  if  any,  are  demanded  by  pub- 
lic interests  or  by  the  interests  of  commerce,  for  the  improvement  of  Flushing  Bay,  in 
the  State  of  New  York,  and  the  navigation  thereof,  together  with  the  estimated  cost 
of  sach  improvements. 

As  no  money  has  been  granted  to  defray  the  exx>enses  of  a  survey  or 
examination  of  the  locality,  it  is  to  be  presumed  that  this  report  was 
intended  to  embody  information  which  would  be  available  without  cost 
to  the  government. 

Inclosed  will  be  found  copies  of  letters  firom  Messrs.  E.  Piatt  Stratton, 
William  B.  Draper,  and  J.  Milnor  Peck,  prominent  citizens  of  the  local- 
ity, which  recapitulate  the  points  constituting  the  alleged  necessity  for 
improvement  of  the  navigation  of  Flushing  Bay. 

From  these  communications  it  api)ears  that  the  number  of  inhabitants 
to  be  benefited  is  about  30,000,  and  that  visits  to  I^ew  York  must  be  paid 
by  rail,  as  the  draught  of  water  in  Flushing  Bay  has  so  diminished  that 
communication  by  boat  can  be  had  at  only  or  about  high-water. 

Prior  to  1863  fally  one-half  of  the  communication  was  effected  by  two 
steamboats  making  each  six  trips  daily. 

In  1861  there  was  a  depth  of  five  feet  at  average  low-water  to  Flush- 
ing ;  but  at  present  this  draught  has  decreased— exactly  how  much,  the 
accounts  differ. 

To  decide  upon  the  feasibility  and  cost  of  an  improvement  of  naviga- 
tion a  survey  and  examination  would  be  necessary,  as  the  sole  informa- 
tion on  these  i)oints  now  available  comes  from  the  Coast  Survey  sound- 
ings of  1855  (a  tracing  of  which,  embracing  Flushing  Bay,  is  sent  here- 
with), of  a  date  prior  to  the  alleged  diminution  of  depth  in  the  bay. 

It  is  to  be  presumed  that  the  causes  wliich  have  concurred  in  causing 
a  deposit  in  the  bay  since  1863  will  continue,  and,  if  so,  that  a  remedy 
to  this  shoaling,  by  means  of  dredging  alone,  must  be  rei)eated  from  time 
to  time,  dei)ending  for  its  frequency  upon  the  rate  of  deposit. 

The  estimate  for  dredging,  under  present  knowledge  of  the  locality, 
must  be  conjectural,  and  is  given  under  the  assumption  that  it  is  required 
to  make  an  excavation  of  the  bottom  one  mile  long,  one  hundred  feet 
wide,  and  three  feet  deep,  which  would  cost,  supposing  the  material ' 
throughout  to  be  of  ordinary  hardness,  $15,000. 

Bespectftdly  submitted. 

John  I^ewton, 
Lieut.  Col,  o/EngineerSj  Bvt  Maj.-Gen. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A, 
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Al^NIJAL  EEPOET  OP  COLONEL  J.  N.  MACOMB,  CORPS  OP 
ENGINEERS,  POR  THE  PISCAL  YEAR  ENDING  JUNE  30, 

1878. 

United  States  Engineeb  Office, 

Fhilad^lphia,  Pa.,  July  10, 1878. 

Geneeal  :  I  have  the  honor  to  submit  herewith  the  annual  reports 
upon  the  several  works  in  my  charge,  for  the  fiscal  year  ending  on  the 
30th  of  June,  1878,  together  with  the  estimates  for  the  completion  or 
fiirther  prosecution  of  these  works  for  the  fiscal  year  ending  30th  of 
June,  1880. 

In  submitting  these  reports  I  would  state  that  I  took  charge  of  this 
office  on  the  Ist  of  December,  1877,  in  pursuance  of  Special  Orders  No. 
224,  dated  Headquarters  of  the  Army,  31st  of  October,  1877.  The  works 
were  in  the  charge  of  Lieut.  Col.  J.  D.  Kurtz,  Corps  of  Engineers*  U.  S.  A., 
until  the  time  of  his  death,  wliich  occurred  on  the  16th  of  Octooer,  1877. 
Capt.  William  Ludlow,  Corps  of  Engineers,  U.  S.  A.,  who  had  been  the 
assistant  of  Lieutenant-Colonel  Kurtz,  vas  assigned  temporarily  to  the 
charge  of  the  works,  by  Special  Orders  from  the  headquarters  of  tiie 
Corps  of  Engineers,  under  date  of  29th  of  October,  1877,  and  so 
remained  untfi  I  entered  Mly  upon  the  duties  of  this  station  in  the 
early  part  of  January,  1878. 

The  field-work  having  generally  ceased  before  my  arrival  here,  I  called 
upon  Captain  Ludlow  and  the  assistant  engineers  engaged  upon  the 
works  during  the  past  year  to  prepare  the  reports  which  I  now  beg 
leave  to  present,  as  giving  the  fullest  information  on  the  subject  which 
it  is  in  my  power  to  give. 

I  remain,  very  res];)ectfully,  your  most  obedient  servant, 

J.  N.  Macomb, 


Brig.  Gen.  A.  A.  Humphbeys, 

Chief  of  Engineers,  U.  8.  A. 


Colonel  of  IJngineers. 


Bi. 

CONSTRUCTION  OF  PIER  IN  DELAWARE  BAT,  NEAR  LEWES,  DELAWARE. 
jreport  of  captain  william  ludlow,  corps  of  ekqinbers. 

Unitbd  States  Engineer  Office, 

Philadelphui,  Pa.,  July  8,  1678. 

Colonel  :  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  the  fiscal 
year  ending  June  30,  1878,  for  constructing  pier  in  D^aware  Bay,  near  Lewes,  Del. 

The  operations  from  the  commencement  of  the  working  season  to  June  30, 1877,  are 
given  in  the  Report  of  the  Chief  of  Engineers  for  1877,  pp.  255  et  8eq. 

Early  in  July  a  test  was  made  of  the  weight-sustaining  capacity  of  the  larffe  pile 
shafts  (8i  inches  in  diameter  and  55  feet  long)  and  of  the  gravel  stratum  in  whicn  their 
screws  rest.  For  this  purpose  pile  No.  365.  tlie  center  one  of  the  seventy-fifth  row,  1,575 
feet  from  shore,  was  selected  as  characteristic  and  convenient.  The  cross-braces  con- 
necting it  with  the  adjoining  piles  of  the  same  row  were  allowed  to  remain  attached, 
to  obviate  danger  of  flexure  from  possible  inequality  in  distribution  of  load.    It  was 
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otherwise  iinsnpported.  A  cradle  of  wood  was  framed  and  bolted  securely  to  the  cap 
and  the  testing  weights  applied,  consisting  of  6  pile  shafts,  aggregating  with  the  other 
appendages  alK)ut  ^,100  pounds  in  weight.  These  were  successively  raised  from  the 
deck  of  the  vessel  that  delivered  them,  and  lowered  upon  the  cradle,  the  operatioa 
hein^  closely  watched  by  means  of  a  leveling  instrument.  The  load  was  allowed  to 
remain  on  over  night,  and  as  no  depression  could  be  detected  after  sixteen  hours  of 
trial  the  test  was  considered  to  have  established  the  satisfactory  character  of  the  gravel 
stratum  and  of  the  workmanship  of  the  pile  and  screw. 

In  the  case  of  all  the  piles  driven  during  the  season,  although  they  would  at  inter- 
vals descend  of  their  own  weight,  sometimes  as  much  as  5  feet  or  6  feet  through  the 
soft  strata  penetrated,  they  invariabW  brought  up  solidly  when  reaching  the  gravel 
stratum,  and  nearly  the  full  power  of  the  engine  was  developed  in  gaining  the  last  12 
or  14  inches. 

In  putting  in  position  the  30  ]f iles  which  constitute  the  main  feature  of  the  season's 
work,  and  in  all  the  operations  in  connection  therewith,  the  performance  of  the  appa- 
ratus was  entirely  satisfactory;  the  steam-engine  mounted  upon  the  derrick-platiorm 
furnishing  the  motive  power  for  all  maneuvers. 

The  sliding  shoes  of  yellow  pine,  built  to  replace  the  cast-iron  brackets  and  wheels 
under  the  center  main  timbers  of  the  derrick,  were  found  to  answer  their  purpose  ad- 
mirably, and  with  a  lubricator  composed  of  a  mixture  of  black-lead  and  tallow,  the 
derrick  was  moved  forward  when  required  with  great  smoothness  and  rapidity.  On 
Saturday,  July  7,  4  piles,  completing  the  seventy-sixth  row,  were  screwed  down  in  7^ 
hours,  including  two  trips  to  shore  with  the  scow  for  the  piles. 

It  was  found  that  the  material  could  be  disposed  of  so  much  faster  than  the  con- 
tractors could  frimish  it,  that  it  was  determined  on  July  10  to  suspend  operations  until 
the  final  delivery  of  the  iron-work  under  contract.  The  last  cargo  was  received 
August  28.  Previous  to  this  date  work  recommenced  upon  necessary  repairs  and  de- 
sirable improvements. 

The  labor  of  hauling  the  timbers,  tools,  chains,  cordage,  &c.,  Ih>m  the  shore  to  the 
end  of  the  pier,  a  distance  of  some  1,600  feet,  had  become  onerous,  and  a  push-car  was 
constructed  of  3  feet  gauge,  with  light  wheels  and  axles,  and  a  frame  10  feet  long. 
The  3-inch  by  6-inch  deck-plank  laid  longitudinally  on  the  east  side  of  the  pier  were 
utilized  as  rails.  An  important  and  advantageous  modification  was  also  made  in  that 
portion  of  the  derrick  rigging  which  is  applied  when  raising  the  pile  from  its  horizontal 
position  on  the  scow  to  a  vertical  one  preparatory  to  lowering  it  in  place.  An  ingen- 
ious coupling  was  devised  by  W.  H.  Scofield,  the  overseer,  which  obviated  much  loss 
of  time  m  splicing  **the  runner" — ^a  rope  by  which  the  engine-drum  turns  the  capstan- 
head  in  screwing  down  the  piles.  Full  detail  drawings  and  description  of  the  per- 
fected apparatus  and  maneuvers  are  in  preparation  and  will  be  fumiidied  at  the  close 
of  the  next  season's  operations. 

By  direction  of  the  late  Lieutenant-Colonel  Kurtz,  preparations  were  made  for  test- 
ing the  stability  of  the  fifty-seventh  row  of  piles,  the  third  in  the  pier-head  and  1,197 
feet  from  shore.  This  row  is  the  outermost  of  the  6^-inch  piles,  33^  feet  long,  and 
stands  near  a  point  where  the  stratum  in  which  the  screws  ue  cuanges  its  character 
and  sustaining  power.  In  1873,  the  center  pile  of  this  row  had  been  depressed  2  inches, 
and  the  adjacent  ones  i  inch  and  |  inch  respectively,  under  a  calculated  weight  of 
about  42,000  pounds,  when  fiilly  braced  crosswise  and  to  the  rear.  Colonel  Kurtz  con- 
sidered it  desirable  to  fiirther  test  its  endurance. 

The  account  of  this  test,  with  the  results,  is  given  in  my  report  of  September  7, 
1877,  from  which  the  following  extracts  are  taken : 

*'In  order  to  make  the  test,  the  cross-braces  throughout  the  row  were  disconnected. 
Three  longitudinal  braces  were  left  on  each  of  the  outer  piles  and  one  on  the  center 
one,  to  g^iard  against  possible  accident  from  the  superimposed  weight  proving  too 
great  and  occasioning  excessive  subsidence.  Nos.  2  and  4,  upon  which  the  weights 
were  to  be  placed,  were  entirely  freed.  The  deck-planking  was  taken  up,  the  remain- 
der of  the  superstructure  being  undisturbed.  Blocks  were  placed  over  Nos.  2  and  4 
directly  on  tne  girders  and  the  intersecting  9-inch  by  9-inch  cross-beams.  Strips  of 
wood  were  attached  to  each  pUe,  and  a  staging  put  up  under  the  pier  at  a  short  dis- 
tance for  level  observations." 

Under  these  circumstances  the  weights  were  applied,  and  the  results  noted  by  the 
leveL  Six  piles,  weighing  62,400  pounds,  were  rolled  on  and  permitted  to  remain  over- 
night. Five  otners  were  added  next  morning,  making  11  in  all,  weighing  114,400 
pounds.  The  subsidence,  which  began  at  once  and  gradually  increased,  was,  with  the 
ultimate  load,  If  inches  for  No.  2,  2^-  inches  for  No.  4,  and  |  inch  for  No.  3,  the  center 
one.    The  outer  piles  were  but  slightly  affected. 

The  conclusions  reached  from  the  test  were  as  follows : 
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"The  57th  row  possowies  less  bearing  camcity  than  it  should.  The  6^infh  piles 
are  amply  large,  and  will  bring  this  l)ay  fully  up  to  the  average  strength  of  the  pier, 
if  taken  up,  lengthened,  and  redriven  to  the  gravel  stratum.  The  expense  of  doing 
this  is  estimated  at  ^2,(HK). 

'*This  1^411  admit  of  all  the  present  material  being  used  again. 

**  With  the  57th  i-ow  resting  solidly  ujwn  the  gravel  stratum,  no  appi'eheusions  need 

l)e  entertained  as  to  the  entirely  satisfactory  stability  of  the  56th  row." 

####"'»#♦ 

In  these  views  Colonel  Kurtz  coneurred,  and  the  lu'oject  for  lengthening  and  redriv- 
iug  the  .57th  row  is  included  in  the  estimate  for  next  season's  operations. 

During  much  of  September  the  weather  proved  unfavorable,  and  a  heavy  gale  oc- 
eurred  on  the  8th. 

On  September  10,  2  piles  of  the  77th  row  were  driven,  and  on  the  12th  the  remain- 
ing 3. 

Soundings  were  made  under  the  57th  row  by  means  of  a  6-inch  auger  attached  to  a 
2-inch  rod,  and  the  relative  resistance  of  the  strata  pierced  calculated  from  the  force 
required  to  turn  the  screw.  The  depths  to  the  gravel  were  carefully  noted,  in  view 
of  the  proposed  lengthening  of  these  piles. 

September  24,  4  piles  were  driven,  and  the  remaining  one  of  the  78th  row  on  the 
25th.  A  dynamometer  curve  was  obtained  for  the  pile  (No.  280),  affording  a  measure 
of  its  resistance  at  the  various  depths.  An  accident  to  the  capstan-wheel  broke  3  t)f 
its  arms,  and  occasioned  a  loss  of  1^  houi*s'  time,  or  the  whole  row  would  have  been 
put  down  on  the  24th. 

On  the  2J^th^  the  five  piles  of  the  79th  and  final  row  of  the  season's  work  were  screwed 
down.  The  time  consumed  in  this  work  was  10  hours  and  5!,i  minutes,  which  included 
a  trip  inshore  with  the  scow  and  loading  the  last  two  piles.  The  cams  of  the  capstan- 
wheel,  by  means  of  which  the  screwing  motion  is  imparted  to  the  pile,  from  long  and 
severe  wear  had  become  much  flattened,  and  occasioned  a  delay  of  over  2  hours  from 
slipping  on  the  piles.  The  actual  working  time  during  which  the  5  piles  were  put  in 
position  was  leas  than  9  hours. 

The  material  for  the  season's  operations  having  been  exhausted,  preparations  were 
made  to  close. 

The  bracking  of  the  outer  rows  was  completed,  and  the  5  outermost  longitudinal 
braces  were  lowered  to  the  bed  of  the  harbor,  after  the  screw-threads  had  been  care- 
fully wrapped  with  hemp  and  tallow.  The  derrick,  engine,  and  other  appliances 
were  dismantled,  and  the  loose  parts  stored.  The  caps  of  the  two  outer  rows  of  pilea 
were  connected  by  timbers  securely  bolted  on,  to  strengthen  them  against  possible 
prt^ssure  of  ice  or  collision  with  vessels. 

October  5,  a  heavy  gale  did  great  damage  to  the  shipping  in  the  harbor. 

October  15,  the  property  was  put  in  charge  of  the  ovei-seer  as  keeper  until  operations 
should  be  resumed. 

The  followiug  wa«  the  condition  of  the  pier  at  the  end  of  the  season.  The  30  piles 
put  in  place  included  the  79th  row,  1,659  feet  from  the  abutment,  and  extended  the 
pier  126  feet : 

4  girders,  12  inches  by  12  inches,  extended  to 1, 554 

4  girders,  12  inches  by  12  inches,  extended  to 1, 53:^ 

Floor  joists,  4  inches  by  9  inches,  extendeil  to 1, 533 

Upper  joists,  4  inches  by  4  inches,  extended  to 1, 512 

Decking,  west  side,  ext-euded  to 1, 44i 

Decking,  east  side,  extended  to 1, 407 

The  superstructure  of  the  pier  was  not  pushed  as  far  as  it  might  have  been,  for  the< 
resiscm  that  it  is  proposed  to  suggest  considerable  uioditications  in  the  plan  of  construc- 
tion for  the  pier-nead,  in  order  to  adapt  it  fully  to  it«  intended  uses. 

The  connection  between  the  continuous  12-inch  by  12-inch  ginlers  was  changed  from 
a  H^rarf  to  a  butt-joint  over  the  72d  row  of  piles,  l,5i2  feet  from  abutment. 

It  is  hoped  that  the  existing  appliances  will  be  able  to  perform  another  season's 
work,  but  apprehension  is  felt  that  such  may  not  be  the  case..  The  derrick,  in  especial, 
is  an  expensive  structure,  has  done  faithful  service,  and  stoo<l  exposed  to  the  weather 
since  its  construction  and  during  protracted  suspensions  of  work,  suffering  more  iiyuiy 
from  time  than  use. 

Should  it  break  down,  the  small  appropriation  available  would  be  seriously  encroached 
upon  to  replace  it. 

It  is  impossible  to  avoid  expressing  regret  that  the  full  amount  (|oO,000)  asked  for 
this  work  was  not  appropriated,  that  it  might  be  completed  during  the  coming  season, 
tamed  over  to  the  public  for  use,  and  the  estimates  relieved  of  further  expense  for  its 
maintenance. 

28  E 
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The  original  estimated  cost  of  the  pier  was $387, 419  67 

Wliioh  was  increased  on  aeeount  <»f  the  advance  in  price  of  iron  and 
labor  and  the  operations  of  the  e<-hour  law  by 24, 000  00 

411,419  67 
Owing  to  the  decreased  price  of  iron  and  nse  of  wood  instead  of  iron  in 
the  fender-system,  the  estimate  was  rednced  by 55, 819  67 

355, 600  00 
Owing  to  the  reduced  appropriation  rec«*ntly  made,  being  only  two-fifths  of 
the  amount  asked  for  completing  this  work,  it  is  deemed  necessary  to 
further  increaiie  the  amended  estimate  by  some 4, 400  00 

360,000  00 
Total  amount  ajipropriated  to  June  3< ),  1K78 325, 0<X)  00 

This  brings  up  the  amount  necessary  for  completing  the  pier  to  the  simi  of.       35, 000  00 

Which  is  respectfully  asked  for  the  fis<'al  year  ending  June  30,  16:^0. 

Total  amount  expended  to  June  30,  187e< : 304,998  91 

Money  statement, 

Jiily  1,  1877,  amount  available $20,821  63 

Amount  appropriated  by  act  approved  June  18,  1878 20,000  00 

$40,821  63 

JuIt  1, 1878,  amount  expended  during  the  fiscal  year 20, 820  54 

July  1,  1878,  amount  available /. 20,001  09 

Amount  (estimated)  required  for  completion  of  existing  project 35, 000  00 

Amount  that  can  be  profitably  exp  e  ided  in  fiscal  year  ending  June  30, 1880.      35, 000  00 

Very  respectfully,  your  obedient  servant, 

Wm.  Ludlow, 
Captain  of  Engineer$, 
Col  J.  N.  Macomb, 

Corpe  of  EngineerHf  U,  S.  A. 


£2. 

IMPROVEMENT  OF  ICE  HABBOR  OF  NEW  CASTLE,  DELAWARE. 
report  of  mr.  jollx  .j.  lee,  assistant  engineer. 

Engineer  Office, 
Fori  Delaicare,  July  1,  1878. 

Colonel  :  I  have  the  honor  to  submit  the  following  report  of  operations  in  improv- 
ing the  ice-harbor  at  New  Castle,  Del.,  for  the  year  ending  June  30, 1878: 

A  portion,  110  feet  in  length,  of  the  coal-wharf  below  the  piers  has  been  removed, 
in  addition  to  that  previously  taken  away,  making  218  feet  in  all,  and  a  substantial 
head  has  been  built  on  the  part  now  remaining.  Although  about  36  feet  more  iu 
length  would  have  to  l)e  removed  in  oi-der  to  bring  the  wharf  within  the  line  estab- 
lished by  the  harbor  commissioners  of  New  Castle.  I  consider  that  what  has  already 
been  done  is  entirely  sufficient,  and  that  it  would  be  a  ustdess  expenditure  on  the 
part  of  the  United  States,  after  n'building  a  head  where  the  wharf  was  cut  off,  to  tear 
It  down  and  go  through  the  same  o)»eration  again  for  the  additional  36  feet. 

The  head  of  the  wharf  is  now  at  low-water  line,  and  is  more  than  50  feet  inside  of 
the  wharf  line  recommended  by  the  United  States  Coa«t  Survey  authorities  after  a 
careful  examination.     I  see  no  advantage  in  any  further  removal. ' 

The  wootlen  crib-foundation  for  the  last  remaining  ice-pier  proposed  for  this  harlwr 
was  completed  in  readiness  for  the  stone  superstnicture  in  Decemln'r  last.  It  wa« 
protected  from  runnin|;  ice  as  far  as  practicable,  and,  favored  by  the  unusually  mild 
winter,  received  no  iiyury.  It  is  proposed  to  apply  the  amount  appix»]»riate<l  {t>r  the 
ensuing  year  in  building  up  the  stone-work  bh  much  as  it  will  allow,  probably  about 
four  courses,  or  8  feet  fmm  the  platform. 

Next  year  it  is  proposed  to  complete  this  pier  and  to  dredge  out  the  accumulated 
sediment  in  the  harbor,  for  which  purposes  an  appropriation  of  ^18,500  is  asked. 

New  Castle  is  in  the  collection-district  of  Wilmington,  Del.,  which  is  also  the  near- 
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est  port  of  eutry.     Fort  Delaware  is  the  nearest  fort  and  the  Bulkhead  Shoal  range- 
light  the  nearest  light-house. 

Total  estimated  cost  of  improvement ^120,  000  00 

Total  amount  appropriated 101,500  00 

Total  amount  expended 91,500  00 

Money  statemmit, 

July  1,  1877,  amount  available 1114,418  27 

Amount  appropriated  bv  act  approved  June  18,  1878 10,  000  00 

^24,  418  27 

July  1, 1878,  amount  expended  during  fiscal  year 14,  418  27 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project |18,500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       18, 500  00 

Very  respectfulh*,'  your  obedient  servant, 

Jno.  J.  Lee, 

Aasiatant  Engineer, 
Col.  J.  N.  Macomb, 

Corps  of  Engineers^  V.  S.  A. 


E3. 

IMPROVEMENT  OF  HARBOR  AT  WILMINGTON.  DELAWARE. 

report  of  mr.  thomas  valentine,  as8i8ta>t  engineer. 

United  States  Engineer  Office, 

Philadelphia,  Pa.y  July  9,  1878. 

Colonel  :  I  have  the  honor  to  submit  herewith  m^  report  of  operations  for  the  year 
ending  June  30,  1878,  for  improving  harbor  at  Wilmington.  Del. 

During  the  fiscal  year  ending  June  30,  1878,  operations  lor  the  improvement  of  this 
harbor  have  been  directed  to  the  removal  of  about  170  cubic  yards  of  fast-rock  fh>m 
the  south  side  of  the  channel  just  below  Third  street,  and  about  7,000  cubic  yards  of  mud 
iTom  the  channel  just  above  the  Christiana  Iron  Company^s  wharf,  thereby  completing 
the  work  under  contracts  executed  during  the  fiscal  year  ending  June  30, 1877.  In  the 
l-emoval  of  fast-rock,  the  excavation  has  been  made  so  as  to  affoi'd  13  feet  depth  of 
water  at  ordinary  low  tide,  and  in  the  removal  of  all  other  material  a  depth  of  12  feet 
^^las  been  made. 

The  result  of  operations  for  improving  this  harbor  daring  the  past  year  has  been  to 
extend  the  increased  width  and  depth  of  the  channel  that  was  under  improvement  at 
the  dose  of  the  last  fiscal  year  above  the  iron  company's  wharf,  un  stream  to  about 
opposite  the  mouth  of  the  Brandy  wine  Creek,  and  to  give  increased  width  and  depth 
^  the  channel  at  the  locality  where  fast-rock  has  been  removed.  This  latter  work, 
particularly,  will  prove  of  copsiderable  Iwnetit  to  the  commerce  of  the  port,  as  it  ha« 
d-imiuished  the  difficulties  heretofore  existing  in  approaching  and  passing  the  draw 
pasASige  at  Third  street  bridge. 

By  act  of  ConjDpress  approved  June  18, 1878,  $7,000  were  appropriated  for  "  improving 
barbor  at  Wilmington,  Del.'* 

It  is  proposed  to  expend  this  sum  during  the  present  season  as  specified  below,  after 
proposals  have  been  received,  as  follows : 

For  the  removal  of  about  12,000  cubic  yards  of  mud  in  the  continuation  of  the  im- 
pn>vement  of  the  channel  of  the  river  in  the  immediate  vicinity  of  the  buoy  depot;  re- 
moval of  12,000  cubic  yards  of  mud  from  the  channel  ojiposite  and  just  above  the  month 
of  the  Brandy  wine  Creek  ;  about  40  additional  cubic  yards  of  fast^rock  from  the  soutli 
aide  of  the  channel  just  below  Tliird-street  bridge,  and  about  28  additional  cubic 
yards  of  fast-rock  from  the  south  side  of  the  channel  just  above  Third-street  bridge, 
completing  the  removal  of  obstructions  at  these  localities. 

Next  season  it  is  proposed  to  continue  the  improvement  of  the  harbor  along  the  south 
aide  of  the  channel  from  the  Christiana  Iron  Company's  wharf,  up  stream  toward  the 
mouth  of  Brandy  wine  Creek ;  remove  a  point  that  protrudes  into  the  channel  on  the 
south,  just  above  the  mouth  of  the  Branay  wine  and  along  the  north  side  of  the  chan- 
nel from  opposite  the  Lobdell  Works,  up  stream  to  near  Market  street.    This  will 
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require  the  removal  of  about  56,000  cubic  yards  of  material,  and  will  require  an  appro- 
pnationof8l3,(KK).00. 

WilminjEjton  is  in  the  collection  district  of  Delaware,  and  is  a  port  of  entry.  The 
nearest  light-honse  and  fort  are,  respectively,  Cliristiana  Light  and  Fort  Delaware. 

The  amount  of  revenue  collected  at  Wihniugton  during  the  fiscal  year  ending  June 
30,  1878,  is  123,474.40,  and  at  Philadelphia,  |;6.969,2U:}.17. 

The  original  estimate  for  improving  Wilmington  Harbor,  Delaware $83,000  00 

Total  amount  appropriated  to  ,Juue  30,  1878 70^  000  00 

Total  amount  expended  to  June  30,  1878 62,998  85 

Money  statement 

Jidy  1,  1877,  amount  available $12, 513  81 

Amount  appropriated  by  act  approved  June  18,  1878 7, 000  00 

$19, 513  81 

July  1,  1878,  amount  expended  during  fiscal  year 12, 512  66 

July  1,  1878,  amount  available 7,001  15 

int  (estimated)  required  for  completion  of  e 
mt  that  can  be  profitably  expended  in  fiscal  j 

Very  re8i)ectfully,  your  obedient  servant, 


Amount  (estimated)  required  for  completion  of  existing  project .*. . .       13,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       13, 000  00 


Col.  J.  N.  Macomb, 

Carps  of  EngineerH,  U.  S.  A. 


Tiios.  Valentine, 

Assistant  Engineer. 


E4. 

IMPROVEMENT  OF  HARBOR  AT  MARCUS  HOOK,  PENNSYLVANIA, 

report  of  mr.  th0ma8  vausnttne,  assistant  engineer. 

United  States  Engineer  Office, 

Philadelphia,  Pa.,  July  9,  1878. 

Colonel:  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  the  year 
Midin^  June  30,  1878,  for  improving  harbor  at  Marcus  Hook,  Pa. 

pnrmg  the  fiscal  year  ending  June  30,  1878,  no  material  change  has  taken  place  at 
thia  harbor,  the  condition  of  the  ice-piers  being  substantially  the  same  aa  mentioned 
in  last  year's  report. 

At  the  outer  ice-pier  on  the  upper  line  a  small  expenditure  of  funds  is  required  to 
reset  a  portion  of  the  top  course,  which  has  been  moved  slightly  on  its  bed,  and  one  of 
the  stone  mooring-posts  at  the  same  pier  which  has,  in  consequence,  been  moved  slightly 
from  its  original  position.  The  two  wooden  landing-piers  and  bridges,  used  in  con- 
nection with  the  detached  piers,  need  repairs;  the  caps  and  about  3  courses  of  timber 
immediately  below  them ;  the  girders  and  decks  to  bridges  are  much  decayed,  and  the 
earth  fillvi^  to  the  piers  is  washed  oft*. 

Ihiring  tne  present  season  it  is  proposed  to  make  all  necessary  repairs  at  this  work, 
which  can  be  done  from  the  existing  appropriation. 

Money  stute^nent 

July  1,  1877,  amount  available 96,342  91 

July  1,  1878,  amount  expended  during  fiscal  year 1, 321  15 

July  1,  1878,  amount  available 6,021  76 

Very  respectfully,  your  obedient  servant, 

Thos.  Valentine, 

Assistant  Enffineer, 
Col.  J.  N.  Macomb, 

Carps  of  Engineers,  U.  S.  A. 
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E5. 

IMPROVEMENT  OF  ICE-HARBOR  AT  CHESTER,  PENNSYLVANIA. 

beport  of  mr.  thomaft  valentine,  assistant  engineer. 

United  States  Engineer  Office, 

FhiladelphM,  Pa.,  July  9,  1878. 

Colonel  :  I  have  tho  honor  to  Bubmit  herewith  iny  report  of  operations  for  the  year 
ending  June  30,  1878,  for  iniprovinc  iee-harbor  at  Chester,  Pa. 

The  ice-harbor  at  this  plaoe  is  limited  in  extent,  covering  an  area  of  only  about 
100,000  square  feet,  formed  by  timber-piers  extending  into  the  Delaware  River  on  the 
prolongation  of  Market  street  on  the  north  and  on  the  prolongation  of  Edgmont  ave- 
nue on  the  south. 

The  ice-piers  and  the  connecting  bridges  on  the  upper  line  are  in  good  condition,  the 
piers  having  received  quite  extensive  repairs,  and  the  two  connecting  bridges  were 
entirely  rebuilt  during  the  latter  part  of  the  fiscal  year  ending  June  30,  1877. 

The  lower  line  of  ice-piers  are  much  in  need  of  rei^airs ;  the  upper  courses  of  timber 
are  decayed  and  broken  at  the  angles.  The  connecting  bridge  was  deemed  unsafe  and 
has  been  removed. 

By  act  of  Congress  approved  June  18, 1878,  $3,400  were  appropriated  for  "  improving 
ice-harbor  at  Chester,  ra." 

It  is  proposed  to  expend  this  sum  during  the  present  season  in  making  suitable  re- 
pairs to  the  piers  on  the  lower  line,  rebuild  the  bridge  to  connect  with  the  outer  pier, 
and  also  mase  requisite  repairs  to  side-walls  and  gravel  filling  to  causeway  leading 
from  the  fast  land  to  the  ice-piers. 

Chester  hds  become  firmly  established  as  a  manufacturing  point.  One  of  the  largest 
iron-ship-building  establishments  in  the  United  States  is  located  here. 

Chester  is  in  the  collection  district  of  Philadelphia. .  The  nearest  port  of  entry, 
light-house,  and  fort  are,  respectively,  Philadelphia,  Fort  Mifilin  Light,  and  Fort 
^fflin. 

The  amount  of  revenue  collected  at  Philadelphia  during  the  fiscal  year  ending  Jane 
30,  1878,  was  16,969,203.17. 


Money  statement, 

>roved  June  18,  : 
Very  respectfully,  your  obedient  servant, 


Amount  appropriated  by  act  approved  June  18,  1878 $3,400  00 

Julyl,  1878,  amount  avaUable 3,400  00 


Thos.  Valentine, 

Aaaistani  Engimeer. 
CoL  J.  N.  Macomb, 

Corps  of  Engineers,  U,  S.  A. 


E6. 

IMPROVEMENT  OF  SCHITYLKILL  RIVER,  PENNSYLVANIA. 

report  of   MR.  THOMAS  VALENTINE,  ASSISTANT  ENGINEER. 

United  States  Engineer  Office, 

Philadelphiay  Pa.,  July  9,  1878. 

Colonel  :  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  the  year 
ending  June  30, 1878,  for  improving  Schuylkill  River,  Pennsj^lvania. 

During  the  past  year  operations  for  the  improvement  of  this  river  have  been  directed 
in  excavating  along  the  channel  of  the  river  from  its  mouth  upstream  to  opposite  the 
mouth  of  the  back  channel,  and  along  the  channel  in  the  immediate  vicinity  of  Gib- 
eon's  Point.  At  the  former  locality  the  work  of  improvement  has  been  carriea  forward 
in  accordance  with  the  modification  of  the  original  project  as  recommended  in  the 
annual  report  in  1875,  which  was  to  increase  the  width  of  the  channel  to  300  feet,  with 
a  depth  of  24  feet  at  ordinary  low  tide.  About  50,000  cubic  yards  of  mud  have  been 
zemoved. 
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The  result  of  operations  for  the  improvement  of  the  river  near  Gibson's  Point  was 
to  make  a  cut  on  the  east  side  of  the  channel,  abput  2,000  feet  in  length,  and  to  com- 
plete an  unfinished  cut  on  the  west  side  of  the  channel,  so  as  to  afford  20  feet  depth  of 
water  at  ordinary  low  tide.  About  17,000  cubic  yards  of  mud  and  coarse  gravel  have 
been  removed. 

By  act  approved  June  18, 1878,  $30,000  were  ap])ropriated  "  for  improving  Schuylkill 
River,  Pennsylvania,"  It  is  proposed  to  apply  this  amount  during  the  present  season 
in  widening  and  deepening  the  cut  between  the  mouth  and  the  back-channel  outlet 
into  the  Schuylkill,  it  being  a  continuation  of  the  improvement  of  this  portion  of  the 
river  in  accordance  with  the  revised  project  under  which  work  commenced  during  the 
fiscal  year  ending  Jime  30,  1877,  with  a  view,  ultimately,  of  affording  a  channel  300 
feet  in  width  and  a  depth  of  24  feet  at  ordinary  low  tide ;  in  the  removal  of  a  sand  and 
mud  shoal  on  the  east  side  of  the  channel  ^ust  below  the  grain-elevator  ^iers,  of  which 
repeated  complaints  have  been  made  at  this  office  during  the  past  year ;  in  the  removal 
of  a  narrow  Ktrip  of  gravelly  material  on  the  east  side  of  the  channel  just  above  Pen- 
rose Ferry  bridge,  so  as  to  make  a  unifonn  width  of  150  feet  to  the  channel  at  that' 
locality ;  to  excavate  along  the  channel  commencing  at  a  point  just  above  Point  Breeze 
and  advancing  up  stream,  forming  a  connection  with  the  new  deep-water  channel  ex- 
cavated of  late  years  by  the  United  States ;  complete  the  excavation  for  the  new  chan- 
nel in  the  immediate  vicinity  of  Gibson's  Point,  including  the  removal  of  about  100 
cubic  yards  of  rock  from  the  channel  directly  opposite  Gibson's  wharf.  These  several 
proposed  improvements,  except  at  the  first-named  locality,  are  to  be  prosecuted  with 
a  view  of  affording  a  channel-way  150  feet  in  width  and  20  feet  in  depth  at  ordinary 
low  tide. 

This  will  require  the  removal  of  135,100  cubic  yards  of  material,  distributed  as  fol- 
lows, viz :  From  the  channel  between  the  mouth  and  the  point  of  outlet  of  back  cliauT 
nel  into  the  Schuylkill  River,  90,000  cubic  yards  of  mud ;  fi*om  east  side  of  channel 
just  below  the  grain-elevator  piers,  10,000  cubic  yards  of  sand  and  mud ;  just  above 
Penrose  Ferry  bridge,  3,000  cubic  i^ards  of  fine  gravel ;  from  the  channel  between  Point 
Breeze  and  '*  Gibson's,"  32,000  cubic  yards  of  mud  and  coarse  grdvel;  from  the  chaunel 
off  **  Gibson's,"  100  cubic  yards  of  rock. 

It  is  proposed  to  continue  the  improvement  of  the  river  during  the  next  fiscal  year 
by  removing  from  the  channel  between  the  mouth  and  Glrard  Point,  100,000  cubic  y'arda 
of  sand  and  mud,  thereby  completing  the  enlargement  of  the  channel  at  that  locality ; 
by  removing  20,000  cubic  yards  of  coarse  material  from  the  channel  of  the  river  be- 
tween Point  Breeze  and  Gibson's  Point ;  300  cubic  yards  of  rock  from  the  channel  off 
"Gibson's."  and  about  50,000  cubic  yards  of  sand  and  gravel  from  the  channel- way 
between  "Gibson's"  and  Gray's  Ferry  bridge.  The  proposed  work  at  the  last-named 
locality  to  be  executed  with  a  view  of  affording  18  feet  depth  of  watei*  at  ordinaSry  Ib^i** 
tide.    This  will  require  an  appropriation  of  $50,000. 

Notwithstanding  the  meagre  appropriation  made  for  the  improvement  of  this  river 
for  some  years  past,  satisfactory  re8ult«  have  been  obtained  m>m  the  amount  of  work 
executed.  Ships  are  now  loaded  to  a  draught  of  20  feet  and  upward  as  far  up  river  aa 
Point  Breeze. 

During  the  year  a  decided  improvement  ha«  been  made  in  the  navigation  of  this 
river  by  the  rebuilding  of  Penrose  Ferry  bridge  by  the  city  of  Philadelphia — a  draw- 
bridge constructed  of  iron  about  416  feet  in  length,  resting  on  a  pivot-pier,  and  when 
open  affords  two  draw-passages  of  about  183  feet  each. 

The  benefits  to  commerce  by  the  improvement  of  this  river  embrace  principally 
foreign  trade  in  grain  and  petroleum,  which  is  very  extensive,  and  is  increasing,  par- 
ticularly in  the  item  of  grain,  as  the  following  statement  will  show : 

Number  of  vessels  at  P<nnt  Breeze  from  June  30,  1877,  to  June  30,  1878. 


8bip0. 

Barks. 

Barkentiiie«. 

BHgs. 

Scfaoonen. 

aoope. 

Barges. 

Total. 

38 

204 

4 

28 

47 

12 

72 

405 

Amount  of  petroleum  and  its  products  shij^^  from  Point  Breeze  I 

between  above  dates. 

X«fined. 

Crii 

Ban 

119, 

de. 

Benzine. 

totar. 

Bdrreb. 
618,274 

525 

BarrOa. 
47,397 

SarrOif. 

783,196 
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yumher  of  vessels  at  and  8hipm€nts  of  grain  from  Girard  Point  Elevator,  from  June  30, 

1877,  to  June  30,  187^. 


StMmers. 

Ships. 

Barks. 

•n^^            Schooners 
^^fi^-          and  barges. 

Total. 

Total  bashela. 

43 

40 

227 

15                     61 

386 

12, 258, 141 

Number  of  vessels,  and  estimated  shipments  of  petroleumy  from  Gihson^s  Point  between  above 

dates. 


Ships. 

Barks.         1          Brigs. 

Schooners. 

Total.          1    Total  barrels. 

14 

83            1              8 

5 

110             j           65, 000 

Original  estimated  cost  of  improvement |257, 700  00 

Increased  estimate  of  1874  (|40  per  cubic  yard  for  rock  instead  of  |25)  ...       42,  000  00 
Increase  for  additional  depth  and  width  at  the  mouth 75, 000  00 

Total ,.--. 374,700  00 

Total  amonnt  appropriated 195,000  00 

Total  amount  expended 164,676  22 

This  work  is  in  the  collection  district  and  port  of  Philadelphia.  The  nearest  light- 
honfle  is  Fort  Mifflin  Light,  and  the  nearest  fort  is  Fort  Mifflin. 

The  amount  of  revenue  collected  at  Philadelphia  during  the  vear  ending  June  30, 
1878,  was  $6,969,203.17. 

Maney  st4itement. 

July  1,  1877,  amonnt  available 114,003  79 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

$44,  003  79 

July],  1878,  amount  expended  during  fiscal  year 13,680  01 

July  1,  1878,  amonnt  available 30,323  78 

Amount  (estimated)  required  for  completion  of  existing  project 179, 700  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juue  30, 1880.     50,  000  00 
V'ery  respectfully,  your  obedient  8er\'ant, 

Thos.  Valentine, 

Assistant  Engineer, 
Col.  J.  N.  Macomb, 

Corps  of  Engineers,  U.  S,  A. 


IMPROVEMENT  OF  DELAWARE  RIVER  BELOW  PETTY'S  ISLAND. 

itEPOSLT  OP  MIt.   THOMAS  VALENTINE,  ASSISTANT  ENGINEER. 

United  States  Engineer  Office, 

Philadelphia,  Pa.,  July  9,  1878. 

Colonel:  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  the  year 
ending  June  30,  1878,  for  improving  Delaware  River  below  Petty's  Island. 

During  the  past  year  the  work  ofimprovement  upon  this  river,  niider  contract  with 
tlie  American  Dred^ng  Company  of  Philadelphia,  Pa.,  dat«d  November  17, 1876,  was 
Continued  in  increasing  the  width  of  the  new  channel  at  Fort  Mifflin  Bar,  at  the  southerly 
end  or  entrance  into  the  New  Jersey  channel ;  the  partial  removal  of  a  deposit  of  sand 
and  mnd  from  along  the  axis  of  the  channel  near  the  entrance  to  the  Pennsylvania 
ehannel  on  the  nortn,  with  a  view  in  each  case  to  a£ford  22  feet  depth  of  water,  mean 
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low -water  of  spriug  tides ;  also  the  removal  of  the  wreck  of  sloop  8pray  from  the  chan- 
nel just  above  Pea  Patch  Island,  Fort  Delaware.  Operations  at  Fort  Mifflin  Bar  were 
in  progress  until  September  29,  1877,  when  work  was  suspended  for  the  season.  About 
t)5i,000  cubic  yards  of  material  were  removed. 

The  continuation  of  the  improvement  of  this  river  will  be  executed  under  the  ap- 
propriation of  ^100,000  made  by  act  of  Congress  approved  June  18,  1878,  for  **  improv- 
ing Delaware  River  below  Bridesburg."  Examinations  are  now  in  progress  to  deter- 
mine the  character  and  extent  of  the  work  to  be  done  during  the  present  season. 

Original  estimated  cost  of  imi)rovement $275,000  00 

Total  amount  appropriated 40, 000  00 

Total  amount  expended ...• 33,859  15 

Money  statement 

July  1,  1877,  amount  available $25,  836  05 

Amount  appropriated  by  act  approved  June  18,  1878,  **  im- 
proving Delaware  River  below  Bridusburg,  Pa." 100, 000  00 

$125, 836  05 

July  1,  1878,  amount  expended  during  fiscal  year 19, 695  20 

July  1,  1878,  amount  available 106,140  85 

*  Amount  (estimated)  required  for  completion  of  existing  project 

A  mount  that  can  be  profitably  expended  in  fiscal  year  endmg  June  30, 1880        90, 000  00 

Very  respectfully,  your  obedient  servant, 

Thos.  Valentine, 

Amstant  En^neer. 
Col.  J.  N.  Macomb, 

Corps  of  Engineers f  U.  S.  A, 


E  8. 

IMPROVEMENT  OF  DELAWARE  RIVER  BETWEEN  TRENTON  AND  WHITE 

HILL,  NEW  JERSEY. 

report  ob"  mr.  thomas  valentine,  assistant  engineer. 

United  States  Engineer  Office, 

Philadelphia^  Pa,,  July  9, 1878. 
CoLONRI*:  I  have  the  honor  to  submit  herewith  my  report  of  operations  for  the  yew- 
ending  June  30, 1878,  for  improving  Delaware  Rivet  between  Trenton  and  W^hite  Hill, 

No  work  has  been  done  for  the  improvement  of  this  river  between  Trenton  and 
W^hite  Hill  since  o})erations  suspended  in  the  fall  season  of  1875.  At  that  time  a  ehan- 
nel  had  been  excavated  along  tne  northerly  and  easterly  side  of  Periwig  Island,  with 
a  width  of  not  less  than  125  feet,  affording  6  feet  depth  of  water  at  low  tide. 

By  act  approved  June  18, 1878,  |10,000  were  appropriated  for  this  work. 

Previous  to  submitting  a  project  for  the  application  of  this  sum  it  is  proposed  to 
make  an  examination  of  the  channel  at  such  i)olnt8  between  Trenton  and  White  Hill, 
with  a  view  of  determining  the  extent  i^nd  character  of  the  obstructions  and  the  best 
method  for  their  removal. 

Trenton  is  in  the  collection-district  of  Burlington,  Philadelphia  being  the  nearest 
port  of  entrv.  The  nearest  light-house  and  fort  are,  respectively,  Fort  Mifliin  Light 
and  Fort  Mifflin. 

The  revenue  collected  at  Philadelphia  during  the  year  ending  June  30, 1878,  amounted 
to  $6,969,203.17. 

Original  estimated  cost  of  the  work ^5,000  00 

Total  amount  appropriated  to  June  30,  1878 55,000  09 

Total  amount  expended  to  June  30, 1878 45,000  00 

*  This  work  will  be  continued  under  the  new  head  of  appropriation  as  above, 
and  a  new  estimate  must  be  presented  with  revised  project  as  soon  as  the  examina- 
tiinis  now  in  progress  shall  af&rd  the  requisite  information. 
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Money  statement 

Amoniit  appropriated  bv  act  approved  June  18, 1878 $10, 000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 20,  000  00 

Amount  that  can  be  profitably  exi^ended  in  fiscal  year  ending  June  30, 1880.  20,  000  00 

Very  respectfully,  your  obedient  servant, 

Thos.  Valentine, 

A89i9tant  Engineer, 
Col.  J.  N.  Macomb, 

Corps  of  Engineers,  U.  S.  A, 


E  g. 

IMPROVEMENT  OF  BROADKILN  RIVER,  DELAWARE. 

No  work  has  been  done  at  the  improvement  of  this  river  since  the 
spring  of  1874,  when  the  appropriation  of  $10,000  wa«  exhansted. 

Should  an  appropriation  be  made  by  Congress,  it  is  proposed  next 
season  to  continue  tiie  original  project  for  the  improvement  by  dredging 
the  river  at  the  shoal  places,  and  by  opening  an  uilet  into  the  bay  at  the 
junction  of  the  Broadkibi  and  Lewes  creeks. 

This  work  is  in  the  collection-district  of  Wilmington,  Del.,  which  city  is  the  nearest 
port  of  entry.  Fort  Delaware  is  the  nearest  fort,  and  Delaware  Breakwater  Light  is 
the  nearest  light-house. 

Original  estimated  cost  of  work |d0,447  00 

Total  amount  appropriated  to  June  30,  1878 10,000  00 

Total  amount  expended  to  June  30,  1878 10,000  00 

Money  statement 

Amount  (estimated)  required  for  completion  of  existing  project $70, 447  00 

Amount  tliat  can  be  proHtably  expended  in  Ascal  year  ending  June  30, 1880.     10, 000  00 


E  lo. 


IMPROVEMENT  OF  THE  NORTH  AND  SOUTH  BRANCHES  OF  SHREWSBURY 

RIVER,  NEW  JERSEY. 

Xo  work  has  been  executed  for  the  improvement  of  this  river  since 
1873. 

During  the  season  of  1875  a  partial  survey  of  the  north  branch  and 
main  river  was  made  under  the  direction  of  Lieut.  Col.  J.  D.  Kurtz,  Cori>s 
of  Engineers. 

During  the  present  season  it  is  proposed,  as  recommended  in  my  letter 
of  February  27,  1878,  to  the  Chief  of  Engineers,  to  make  a  thorough 
survey  of  tiie  river  before  submitting  a  project  for  applying  the  sum  of 
♦18,000,  appropriated  June  18, 1878. 

Money  statement 

Amount  appropriated  by  act  approved  June  18, 1878 |18, 000  CO 

July  1,  1878,  amount  available 18, 000  CO 
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E  II. 

IMPROVEMENT  OF  COHANSEY  CREEK,  NEW  JERSEV. 

beport  of  mr.  john  j.  lee,  assistant  engineer. 

Engineer  Office, 
Fort  Delaware,  July  1,  1878. 

Colonel:  I  have  the  honor  to  submit  the  following  report  of  operations  in  improv 
ing  Cohansey  Creek,  New  Jersey,  for  the  vear  ending  June  30,  1878. 

This  improvement  remains  in  an  incomplete  condition,  no  appropriation  having  been 
made  for  it  for  the  last  four  fiscal  years. 

It  is  proposed  to  expend  the  amount  appropriated  for  the  ensuing  year  in  deepening 
and  widening  the  channel  according  to  the  original  project. 

For  continuing  this  improvement  an  appropriation  of  ^10,000  is  asked  for  the  next 
year. 

Cohansey  Creek  is  in  the  collection-district  of  Bridget  on,  N.  J.,  which  is  the  nearest 
port  of  entrj-.  Fort  Delaware  is  the  nearest  fort,  and  Cohansey  Light  the  nearest 
light-house. 

Original  estimate  of  cost |30,000  OO 

Total  amount  appropriated 15,000  00 

Total  amount  expended 10,000  00 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $5, 000  00 

July  1,  1878,  amoimt  available 5,000  00 

Amount  (estimated)  reouired  for  completion  of  existing  project 15,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  cumng  June  30, 1880 . .  15,  000  00 

Very  respectfully,  your  obedient  servant, 

Jno.  J.  Lee, 
Assistant  Engineer. 
Col.  J.  N.  Macomb, 

Corps  of  Engineers,  U.  8,  A, 


E    12. 

IMPROVEMENT  OF  CHANNEL  OF  SALEM  RIVER,  NEW  JERSEY. 

No  work  has  been  done  for  the  improv^nent  of  this  river  since  oper-^ 
ations  were  suspended  in  1871. 

By  act  approved  June  18,  1878,  $3,000  were  appropriated  for  this 
work. 

Previous  to  submitting  a  project  for  the  application  of  this  sum  it  vi 
proposed  to  make  an  examination  of  the  obstructions  ait  the  month  of 
the  river,  with  a  view  of  determining  the  extent  and  character  of  the- 
obstructions,  and  the  best  method  of  their  removal. 

Jfonay  ^Mtemefat. 

Amount  appropriated  by  act  approved  June  18,  1878 • $3,000 

July  1;  1878,  amount  available ^ 3,000 
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E  13. 

DELAWARE  BREAKWATER. 

This  work  remains  substantially  in  the  same  condition  as  at  the  date 
of  the  last  annual  report. 

Appended  hereto  is  a  table  showing  the  number  of  vessels  seeking 
refuge  in  the  Breakwater  Harbor  annually  for  14  years,  and  their  total 
for  38J  years,  between  1833  and  1878. 

Statement  of  vessels  taking  refuge  in  Delaware  Breakwater  Harbor  during  the  years  stated 

below. 


Years. 

1 

1 

1 

1 

1 

i 

1 

1883 

1838 

22 

idT) 

107 
342 
35 
55 
113 
119 
192 
186 
222 
370 
558 

228 

""247 
239 
290 
639 
877 
605 
804 
2,762 
4,146 

1,331 

178 

732 

1,060 

1,937 

1,085 

879 

825 

1,008 

867 

623 

581 

587 

626 

309 

372 
3,191 
5.335 
7,742 
5.098 
8,087 
8,000 
8,588 
13,  976 
9,797 
9,  527 
10,  382 
10,027 

4,467 

167 
765 
802 
358 
90 
253 
307 
522 
734 
477 
420 
447 
370 

272 

127 
685 
794 
874 

"■923' 

'"ii4 

246 
279 
629 
844 
781 
843 
945 
1,092 

708 

866 

5,538 

8,098 

11,253 

6,669 

9,759 

9,814 

12,428 

17,490 

12,449 

12,397 

15, 493 

16,  819 

7,315 

1842 

1847 

1854..... 

1882 

18«7 

1872 

1873 

1874 

1875 

1876 

1877 

From  January  1,  1878,  to  July  1, 
lg78f 

Total  fop  384  years 

6,844 

16,471 

33,171 

242,591 

17,471 

13,688 

10,886 

341,122 

•  Pilot-boats  c 

lassediN' 

1th  schot 

men. 

tSixm 

ODths'  n 

ituni. 

EI4. 

PORT-WARDEN'S  LINE,  PHILADELPHIA,  PENNSYLVANIA. 

This  question  remains  as  last  reported,  nothing  on  the  subject  having 
been  heard  from  the  municipal  authorities  of  Ph&adelphia. 

A  survey  is  now  being  made  by  a  party  from  the  United  States  Coast 
Survey  of  the  entire  river  front,  and  as  soon  as  the  result  of  this  survey 
is  obtained,  a  report  and  recommendation  will  be  made  relative  to  the 
port-warden's  line. 
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ANNUAL  REPORTS  UPON  THE  WORKS  IX  CnARGE  OF 
MAJOR  WILLIAM  P.  CRAIGHILL,  (X)RP8  OF  ENGINEERS, 
FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1878,  BY  CAP- 
TAINS JAMES  W.  CUYLER  AND  CHARLES  B.  PHILLIPS, 
CORPS  OF  ENGINEERS,  TEMPORARILY  IN  CHARGE. 

United  States  ENGiTra:ER  Office, 

Baltimore^  Md.^  July  13,  1878. 
General  :  I  have  the  honor  to  forward  herei^ith  the  annual  reports 
for  the  year  ending  June  30, 1878,  for  works  of  improvement  of  rivers 
and  harbors  which  have  been  in  my  charge  during  a  portion  of  that 
period.  All  these  works  were  in  charge  of  Maj.  W.  P.  Craighill,  Corps 
of  Engineers,  until  the  26th  of  March,  1878.  On  that  date  I  temporarily 
reliev^  Major  Craighill  of  the  <3harge  of  the  works,  and  remained  in 
charge  until  the  close  of  the  fiscal  year.  Efforts  have  been  made  to 
procure  full  statistics  as  to  the  commercial  importance  of  each  imiirove- 
ment,  but  the  efforts  have  not  been  successful  in  some  cases,  as  was 
desirable. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  B.  Phillips, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


Captain  of  Engineers. 


Fi. 

improvement  of  CHESTER  RIVER  AT  KENT  ISLAND  NARROWS,  MARY- 
LAND. 

The  object  of  this  improvement  has  been  fiilly  set  forth  in  previous 
annual  reports.  Briefly,  it  consists  in  dredging  a  channel  100  feet  in 
width  and  7  feet  in  deptn  from  Easton  Bay  to  Chester  River,  a  distance 
of  12,900  feet,  including  a  passage  through  the  causeway  connecting 
Kent  Island  with  the  mainland. 

This  project  had  at  the  date  of  the  last  annual  report  been  carried  out. 
except  that  the  channel  on  the  Easton  Bay  side  of  the  causeway  as  well 
as  about  two-fifths  of  the  length  of  the  channel  on  the  Chester  River 
side  had  been  completed  to  only  80  feet  in  width. 

The  passage  through  the  causeway  had  also  been  cut  to  the  full  width 
allowed  by  the  draw  (60  feet)  and  had  cut  out  by  the  action  of  the  cur- 
rent to  a  depth  at  this  point  of  21  feet. 

To  give  additional  vent  for  the  water,  the  causeway  had  also  been  cut 
away  under  the  counterpoise  of  the  draw,  by  the  government,  and  at  the 
draw  abutment  one  span  of  pile-bridge  had  be^n  put  in  by  the  county 
authorities  with  the  same  object  in  view. 

An  examination  of  the  entire  channel,  made  shortly  before  the  date  of 
the  last  annual  report,  showed  that  the  channel  was  maintaining  itself 
well  at  all  point*,  except  at  the  bend  immediately  below  (Easton  Bay 
side)  the  causeway.    Here  it  was  found  that  the  volimie  of  water  pass- 
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ing  through  the  cut  in  the  causeway  had  taken  uj)  a  different  direction, 
both  on  flood  and  ebb  from  that  which  it  had  while  the  causeway  re- 
mained intact.  The  current  had  left  the  dredged  channel  around  the 
flat«,  and  was  found  to  be  making  its  way  directly  across  the  point,  and 
had  already  cut  out  new  and  deep  pockets,  both  above  and  below,  in  the 
new  direction  of  the  cuiTent. 

The  distance  across  this  point  between  the  7-feet  contours  was  about 
600  feet. 

As  the  old  channel  around  the  point  was  gradually  filling  up  and  lye- 
coming  useless,  it  was  determined  to  assist  nature  in  her  evi(lent  pur- 
pose of  cutting  a  new  and  more  du*ect  channel  from  the  draw  across  tliis 
point. 

There  remained  on  hand  on  July  1,  1877,  $4,000,  the  balance  of  the 
appropriation,  $5,000,  of  August  14,  1876,  which  balance  became  avails 
able  on  the  31st  of  the  previous  March. 

It  was  determined  to  devote  so  much  of  this  balance  as  might  be  neces- 
sary to  dredging  acrass  this  point,  and  to  use  the  remaining  funds  iu 
giving  additional  width  to  the  Chester  Eiver  side  of  the  channel,  espe- 
cially at  tlie  abrupt  turn  from  the  NaiTows  into  Che^t^r  Kiver. 

Accordingly  the  sanction  of  the  Chief  of  Engineers  having  been  ob- 
tained, a  dredge  and  two  scows  were  chartered  by  the  day  to. execute 
the  above  contemplated  work.  Later  it  was  found  necessaiy  to  also 
charter  a  small  tug,  so  much  time  was  lost  by  nmning  the  scows  by  hand. 
Dredging  in  accordance  with  the  above  project  was  commenced  on  the 
6th  of  July  last  at  the  bend  on  the  Easton  Bay  side  .'of  the  causeway, 
and  was  continued  until  the  8th  of  the  following  September,  on  which 
date  the  channel  across  the  point  was  completed. 

The  channel  was  600  feet  in  length,  75  feet  in  breadth,  and  7  feet  deep 
at  ordinary  low-water.  Thirty-seven  full  days  of  10  houi's  each  were 
made  by  the  dredge  dimng  the  period  mentioned,  and  8,330  cubic  yards 
of  material  were  removed. 

Dredging  at  the  bend  having  been  completed  the  dredge  was  re- 
moved to  the  Chester  River  side  of  the  causeway,  and  was  engaged  in 
widening  portions  of  this  channel  from  the  8th  to  the  26th  of  September 
last.  One  old  unfinished  cut,  120  yards  in  length,  was  cx)mpleted,  and 
two  sharp  points,  at  the  abrupt  tiuii  from  the  Narrows  into  Chester 
River,  were  trimmed  off. 

Nine  days  in  all  were  made  by  the  dredge  on  the  Chester  River  side, 
and  2,640  cubic  yards  of  material  were  removed. 

On  the  26th  of  September,  oi)erations  were  suspended,  the  appropria- 
tion having  become  exhausted. 

In  December  last,  an  examination  was  made  of  the  new  cut  across  the 
point  near  the  causeway.  It  was  found  that  the  channel  had  stood  well, 
no  less  than  7  feet  at  ordinary  low- water  being  found.  During  the  month 
of  June,  1878,  another  examination  was  made  of  this  cut  and  the  vicin- 
ity of  tne  draw-bridge.  It  wa^s  found  at  this  late  examination  that  some 
shoaling  had  taken  place  in  the  new  cut  across  the  flats  and  that  not 
over  6  feet  could  be  earned  at  low-water.  The  soundings,  as  shoal  as 
6  leet,  occupied,  however,  not  over  one-sixth  the  entire  length  of  the  cut, 
the  depth  for  the  remaining  distance  having  maintained  itself  well. 

This  shoaling  appears  to  be  due  to  the  large  amount  of  scoiu*  at  the 
draw. 

It  was  found  that  at  the  dmw  the  water  had  deepened  to  24  feet,  and 
under  the  counterpoise,  of  the  draw  a  depth  of  over  12  feet  was  found. 
When  this  scouring  ceases,  as  it  must  do  when  a  suflicient  ai*ea  of  cross- 
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section  has  been  attained,  it  is  probable  that  the  cut  below  will  remain 
open  permanently. 

M*  The  passage  through  Kent  Island  Xarrows  is  now  used  to  a  consider- 
able extent  by  sailing-vessels,  and  is  of  great  benefit  to  traders  l)etween 
Easton  Bay  and  Baltimore,  and  other  points  on  the  noithern  portions  of 
the  Chesapeake. 

It  is  to  be  regretted,  however,  that  the  channel  is  rarely  ever  used  by 
steiimers.  Sufficient  width  and  depth  already  exist  for  the  class  of 
steamers  that  was  exi)ected  to  pass  through,  and  it  is  believed  that 
when  the  route  becomes  better  known  its  use  by  steamers  \\ill  be 
adopted. 

The  original  estimate  for  this  work  was  823,000. 

Twenty-eight  thousand  dollars  were  ai^propriated  in  all  up  to  June  30, 
1878,  of  wliich  amount  $3,000  remains  unexpended,  having  just  been 
made  available.  This  balance  will  be  sufficient  to  nearly  cany  out  the 
original  project,  which  will  have  cost  more  tlian  the  original  estimate 
by  reason  of  long  and  unavoidable  delays. 

This  work  is  in  the  collection  district  of  Baltimore. 

Money  atateinent. 

Jnly  1,  Ic^TT,  amonnt  nvailnhle |4,(K^*5  23 

Amount  appropriated  by  act  approved  June  18,  1878 3,  (KK)  00 

17,033  23 

Jnly  1,  1878,  amount  expended  during  fiscal  year 4,028  40 

Jnly  1,  1878,  amount  available 3,004  f&l 


Fa. 

IMPROVEMENT  OF  THE  HARBOR  AT  BALTIMORE,  MARYLAND. 

The  object  of  this  work  has  been  fully  set  forth  in  pre\ious  aniuial 
reports.  Briefly,  it  has  been  to  secure  by  dredging  a  channel  sufficiently 
dee]>  and  wide  to  accommodate  vessels  drawing  22^  or  23  feet  coining  to 
or  going  from  the  city  of  Baltimore,  at  any  ordinary-  stage  of  the  tide. 
As  reg^s  depth,  this  object  was  accomplished  in  1874,  but  the  desired 
-width  has  not  yet  been  obtained.  Since  1874,  the  approi)riations  for  the 
work  have  been  but  slightly  in  excess  of  the  amount  which  it  was  an- 
ticipated would  be  required  annually  to  maintain  the  channel;  but  the 
idea  of  securing  additional  width  has  been  constantly  kept  in  view,  and 
^ach  year  after  the  usual  annual  reparations  have  been  made,  all  remain- 
ing fiinds  have  been  devoted  to  this  purpose.  The  increased  widths  that 
jhave  thus  from  time  to  time  been  obtained,  have  aflforded  considerable 
relief  to  shipping,  but  more  is  needed  to  accommodate  the  large  deep- 
draught  steamers  which  ply  to  and  from  the  port,  and  which  are  con- 
stantly increasing  both  in  number  and  size.  The  draught  of  these 
steamers  is  so  great  that  the  suction  due  to  the  proximity  of  their  keels 
to  the  bottom  makes  them  difficult  to  steer,  and  they  are  constantly 
liable  to  run  against  the  sides  of  the  channel,  causing  damage  to  them- 
gelves  as  well  as  to  the  ehaimel  itself. 

Diuring  the  past  fiscal  year  dredging  has  been  confined  to  the  lower 
end  of  the  Brewerton  Channel  and  to  the  angle  formed  by  the  intersec- 
tion of  the  Brewerton  and  Craighill  Chaimels.  The  object  of  di^edg- 
ing  at  the  former  locality  was  to  restore  the  original  depth  of  channel 
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from  its  lower  end  up  to  a  point  opposite  to  and  a  little  above  North 
Point.  This  portion  of  the  channel  has  tmjuently  been  referred  to  in 
j)revious  repoit.s  as  bein^  constantly  liable  to  deterioration  as  it  necessa- 
rily projects  into  the  cim*ent  of  the  upper  bay,  caused  by  the  Susque- 
hanna kiver. 

At  the  hitter  locality  the  object  was  to  facilitate  the  pas8ag:e  of  vessels 
from  one  to  the  other  channel,  by  cutting  off  a  huge  triangular  piece  at 
their  intersection. 

In  April,  1877,  the  balance  ($3r),0(M))  of  the  appropriation  of  August 
14,  1870,  was  rendered  available  for  expenditure. 

A  project  for  the  expenditui^e  of  this  amount  having  been  submitted 
to  the  Cliief  of  Engineers,  and  by  him  approved,  proposals  were  invited 
for  dredging,  and  were  opened  June  1,  1877.  A  contract  was  enterexi 
into  with  Mr.  A.  P.  Brown,  of  Washington,  D.  C.  (the  lowest  bidder),  for 
the  removal,  of  ;3(K),(K)<)  cubic  yards  of  material,  at  the  rate  of  9i  iteuts 
j)er  cubic  yard;  the  work  is  to  be  conunenced  July  1,  1877,  and  to  be 
completed  June  30,  1878. 

The  contractor's  machinery,  consisting  of  one  dipx)er  dredge,  attend- 
ant scows,  and  one  tug,  arrived  at  Baltimore,  was  placed  in  position,  and 
commenced  work  at  tbe  lower  end  of  the  Brewerton  Channel,  on  the 
16th  of  July,  1877,  and  continued  work  through  the  remainder  of  July 
and  the  entire  month  of  August. 

During  tins  period  it  became  manifest  that  the  dredge  was  incapable 
of  executing  the  work  required  of  it,  ha\ing  dredged  only  23,000  yards, 
while  the  proportional  amount  to  be  dredged  monthly  was  25,000  yards, 

Tlie  attention  of  the  contra<5tor  was  called  to  the  above  fac^t,  and  on 
the  10th  of  the  following  mouth  (September)  he  put  a  large  "clam-shell'' 
dredge  upon  the  w^ork,  keeping  the  dipper  di-edge  at  work  meanwhile 
until  the  15th  of  September,  when  the  latter  was  finally  taken  off  the 
work,  being  entirely  unadapted  to  the  locality  and  the  work  reijuired  of 
it,  Tlie  large  "  clam-shell"  dredge  was  also  withdrawn  from  the  work  on 
the  25th  of  September,  owing  to  some  (supposed)  misunderstanding 
between  the  contractor  and  the  owner  of  the  dredge.  At  the  close  of  Sep- 
tember, however,  another  large  "clam-shell"  dredge  was  on  its  way  from 
Philadelphia  to  the  work.  This  di-edge  enitountered  a  severe  gale  on  the 
4th  of  October,  while  at  anchor  near  the  Delaware  breakwater,  and  was 
driven  ashoie.  This  accident  and  the  time  required  for  repairs  at  Bal- 
timore caused  a  suspension  of  operations  until  the  20th  of  October,  on 
which  date  the  dredge  resumed  work  and  carried  the  contracft  thix>ugh 
to  its  completion. 

Work  was  suspended  from  the  25th  of  December  luitil  the  6th  of  Feb- 
ruary last  on  account  of  rough  weather  and  the  expectation  that  the 
harbor  would  become  closed  by  ice.  On  tlie  latter  date,  as  the  harbor 
still  remained  open,  divdging  was  resumed.  On  the  9th  of  Febniarj',  the 
last  (7th)  interior  cut  in  the  Brewerton  Channel  wa«  completed,  thus  re- 
storing a  depth  of  25  feet  at  mean  low- water  over  its  entii-e  ^vidth  from 
its  lower  end  up  to  a  point  opposite  to  North  Point;  132,000  cubic  yards 
of  material  weiv  removed  to  accomplish  this. 

On  the  completion  of  this  work  dredging  was  commenced  at  the  angle 
formed  by  the  intersection  of  the  Brewerton  and  Craighill  Channels,  and 
was  continued  until  the  3d  of  May  hist.  The  area  dredged  over  her© 
consisted  of  a  large  triangular  piece  shown  on  the  ac-companying  sketch 
at  the  intersection  of  the  channels,  all  of  which  was  dredged  to  25  feet  in 
depth  at  mean  low-water,  thus  affording  much  relief  to  vessels  passing 
from  one  to  the  other  channel;  112,000  cubic  yards  of  material  were  re- 
moved fi'om  this  locality. 
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On  the  completion  of  this  work  an  entirely  new  cut  was  commenced  on 
the  west  side  of  the  Brewerton  Channel,  commencing  at  the  lower  end, 
and  was  carried  as  far  as  available  funds  would  permit,  or  until  the  com- 
pletion of  the  contract.  Work  was  closed  on  the  14th  of  June,  the  new 
cut  having  been  carried  about  one-third  of  the  way  from  the  lower  end 
of  the  channel  at  North  Point,  56,000  cubic  yards  of  material  ha\ing  been 
removed  from  this  cut.  Total  amount  of  material  removed  during  the 
year  under  the  contract,  300,145  cubic  yards.  An  examination  of  all  the 
area  dredged  during  the  year  was  made  in  Jxine  last,  after  the  close  of 
operations,  and  the  results  plotted.  Quite  extensive  repairs  to  the  tug 
Leslie  were  made  during  the  past  fiscal  year.  A  new  boiler  was  put  in 
place  of  the  old  one,  the  latter  having  been  in  use  16  years.  Her  ma- 
chinery was  also  thoroughly  overhauled,  a  new  pilot-house  constructed, 
and  a  new  propeller  put  on  her.  These  repairs  were  done  during  the 
winter  months.  Since  March  last  she  has  remained  constantly  in  com- 
mission. 

An  appropriation  of  $75,000  was  made  in  June  last,  for  the  fiscal  year 
ending  June  30, 1879^  $185,000  were  asked  for  that  year  to  complete  the 
existing  project,  leaving  $110,000  yet  needed  to  complete  it. 

To  this  sum  add  $50,000  for  estimated  amount  required  for  reparations, 
and  we  have,  as  the  amount  that  can  be  profitably  expended  in  the  fiscal 
year  ending  June  30, 1880,  $160,000. 

Money  statement 

Jaly  1,  1877,  amount  available 855^528  96 

Amoaut  appropriated  by  act  approved  June  18,  1878 75, 000  00 

$130,  528  96 

July  1,  1878,  amount  expended  during  fiscal  year 54, 118  46 

July  1,  1878,  amount  available 76,410  50 

Amount  (estimated)  required  for  completion  of  existing  project 160, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enmng  June  30, 1880 .     160,  000  00 


COMMBRaAL  STATISTICS. 

CusTOM-HousE,  Baltimore,  Md., 

Collector's  Office,  July  19,  1878. 
Colonel  :  In  compliance  with  your  request  of  June  14,  1878,  asking  for  certain  sta- 
tistics relative  to  the  commerce  of  this  port.  I  have  the  honor  to  present  the  following 
statement  in  accordance  therewith  for  the  fiscal  year  ending  June  30,  1878 : 

Duties  coUected  in  coin $2,848,380  13 

Receipts  in  currency — tonnage,  inspection  fees,  &c ;....'..        186, 778  15 

Value  of  dutiable  merchandise  imported 6,372, 512  00 

Value  of  free  merchandise  imported ....;-iO,  56%H6  00 

Total 16,938,628  00 

Duties  coUectible  thereon  in  coin , 3,029,073  00 

Merchandise  entered  in  bond  for  transportation  to  interior  ports : 

Value  of  merchandise 299,916  00 

Duties  thereon 114, 519  57 

Merchandise  of  domestic  growth  and  manufacture  exported 45, 633, 521  00 

The  commodities  exported  of  chief  value  were  bread  and  breadstuflfe,  provisions, 
petroleum,  tobacco  (leaf  and  manufactured^,  live-stock,  canned  fruits,  &c.,  and  a 
numerous  variety  of  manufactured  articles  or  domestic  production. 

The  increase  in  the  matter  of  exports  for  the  fiscal  year  referred  to  over  that  of  the 
previous  one  amounts  to  about  $6,000,000.  The  growth  of  the  trade  of  Baltimore  with 
foreign  markets  in  this  branch  of  commerce  within  the  last  few  years  has  been  most 
29  E 
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marked  and  rapid  in  its  expansion,  and  from  the  evident  impetus  it  has  received,  the 
limits  it  may  reach  in  the  near  future  may  be  conjectured,  but  not  accurately  predict^^d. 

For  the  fiscal  year  ending  1871  the  value  of  domestic  exx>orts  (foreign)  amounted  to 
$15,037, 855.     Within  the  period  of  seven  years  they  have  attained  to  nearly  $46,000, 000. 

It  is  from  this  branch  of  commerce  of  this  port  that  the  basis  is  to  be  accepted  upon 
which  to  Judge  of  its  future  expansion  as  a  commercial  city,  and  its  demands  and 
needs  as  such  to  meet  the  requirements  that  the  future  will  exact. 

The  decline  in  the  matter  of  importation  is  not  at  this  time  an  entertainable  basis  to 
judge  of  the  capabilities  of  a  seaport  for  trade,  nor  to  draw  therefrom  any  inferences 
as  to  its  future.  It  is  well  known  that,  as  a  result  of  the  pressure  of  the  times,  our 
people  generally  are  beginning  to  rely  aUnost  whoUy  upon  their  own  resoui^ces,  and, 
under  a  spasm  of  economy,  are  spending  as  little  money  as  possible  for  forei^  pro- 
duct-ions. To  this  has  been  largely  due  tne  falling  off  in  the  importations  to  this  port ; 
but  notwithstanding  this  policy  of  our  people,  the  importations  here  would  nave 
reached  a  fair  average  had.it  not  been  for  the  unfortunate  question  arising  ofit  of  the 
** colored  sugar,  dispute,"  Because  of  that  question,  still  unsettled,  the  importations  of 
sugar  to  this  port  were  seriously  affected;  and  it  being  one  of  the  chief  and  heaviest 
commodities  imported,  the  result  has  caused  a  visible  decline  in  the  importations. 
And  although  the  disputed  question  of  '' colored  sugav"  relates  to  all  other  seaports 
where  sugar  is  imported,  the  importations  here  have  been  affected  to  a  greater  extent 
than  elsewhere. 

The  next  brancli  of  this  statement  relates  to  the  bulk  of  tonnage  traversing  the 
harbor  of  Baltimore,  foreign  and  coastwise,  and  affords  a  reliable  basis  as  to  the  con- 
dition and  growth  of  the  commerce  of  the  port : 

Vessels  arriving  (foreign)  of  all  nationalities « •  1,408 

Tonnage  of  the  same 1 961,581 

Number  of  clearances  of  same ...... ....  1,475 

Tonnage  of  same 1,005, 189 

Arrivab  coastwise 1,437 

Tonnage - 1,061,712 

Clearances  coastwise 1,794 

Tonnage 1,266,854 

The  above  does  not  include  the  large  number  arriving  coastwise  that  do  not  enter 
or  clear. 

Tons. 
Total  amount  of  tonnage  entering  and  departing  the  harbor  of  this  port  for 

the  fiscal  year  1878 4,285,276 

Previous  year .•.^.. 3,011,469 

Increase 1,273,807 

Increase  ofyear  1877  over  1876 1,322,586 

2, 596, 393 

The  above  shows  an  increase  for  the  last  two  fiscal  years  of  2,500,000  tons,  and 
affords  the  best  criterion  of  the  state  of  commerce  at  this  port,  and.  at  the  same  time 
shows  unmistakably  an  improved  and  increasing  growth. 

This  increase  in  the  trading  tonnage  of  this  port  is  due  to  some  extent  to  the  in- 
•creasing  number  of  first«class  steamships  entering  and  departing  its  harbor,  to  which 
xeference  will  hereafter  be  made. 
•  The  registered  outstanding  tonnage  of  this  district  is  as  follows : 


Vessels. 


Tons. 


,  Begistered,  permanent,  sail .... 

Eegistered,  temporary,  sail.. .., 

Enrolments,  permanent,  sail ... 

steam 

barges 

Enrolments,  temporary,  sail . . . 

Licenses  under  W  tons,  sail . . . . . 

steam  . 

Total 

Last  year 

Increase 


74 

23,519 

39 

16,817 

541 

23,797 

113 

37,367 

2 

134 

28 

6,644 

204 

2,543 

18 

225 

1,019 

111,046 

995 

107,061 

24 


3,985 
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This  ratio  of  increase  is  in  accord  with  the  other  salient  fact,  above  referred  to,  show- 
ing a  healthy  growth  of  the  commerce  of  this  port.  The  same  foreign  and  coastwise 
lines  of  steam^ps,  referred  to  in  detail  in  my  statement  to  you  of  last  year,  are  still 
maintained  between  this  and  foreign  ports,  but  with  some  increase  in  ships  on  certain 
lines. 

From  December  of  last  year  until  May,  1878,  the  Allan  line  of  steamships  doubled 
the  number  of  ships  plying  between  this  port  and  Liverpool  by  placing  on  the  line  some 
of  their  finest  vessels.  It  is  expected  that  upon  a  return  of  tne  winter  season  the  same 
schedule  of  sailing  time  will  be  resumed.  The  coastwise  steamers  plying  between  the 
Southern,  Northern,  and  New  England  ports  maintain  a  vigorous  existence,  and  much 
of  the  commodities  they  bring  are  transferred  at  the  piers  of  the  Baltimore  and  Ohio 
Railroad  Company,  for  the  West  by  rail  and  for  Europe  by  the  steamship  Unes.  Out- 
side of  t^ese  regular  lines  there  are  a  number  of  other  steamships,  continually  increas- 
ing in  number,  arriving  almost  daily  from  foreign  ports  to  take  in  cargoes  for  Europe. 

At  Locust  Point,  on  xhe  property  of  the  Baltimore  and  Ohio  Hailroad  Company,  a 
new  system  of  inspecting  tobacco  has  been  introduced  which  has  met  with  extraordi- 
nary success.  The  tobacoo  so  inspected  comes  fix>m  the  West  and  South,  and  is  shipped 
to  Europe  by  the  steamships  mentioned.  The  tobacco  trade  has  received  a  great  and 
healthy  stimulus  by  this  improved  system  of  inspection,  and  from  indications  so  flat- 
teringly afforded  promises  to  be  very  extensive,  and  will  contribute,  with  other  grow- 
ing interests,  to  increase  the  rec^uirements  of  good  harbor  facilities. 

In  my  previous  report  it  was  incidentally  mentioned  that  new  projects  of  enterprise 
were  then  on  foot  that  would  tend  to  the  expansion  of  the  commerce  of  this  port. 
One  of  the  projects  was  a  '^  pipe-line"  from  the  oil  regions  to  tidewater  at  this  port. 

That  enterprise  it  seems  was  thereafter  actively  entered  upon,  and  would  have  doubt- 
less by  this  time  been  ah  accomplished  fact  had  its  progress  not  been  embarrassed  by 
supposed  rival  interests.  Another  enterprise  was  the  exportation  of  fresh  meats.  This 
latter  project  has  not  yet  been  attempted,  but  cattle  and  live-stock  in  large  quantities 
have  been  shipx>ed  recently  from  this  port  to  Europe,  and  the  trade  in  that  line  prom- 
ises to  increase.  Hefereuce  was  also  made  to  the  actively  agitated  question  of  a  ship- 
canal  to  unite  the  Chesapeake  and  Delaware  bays.  Since  then  influential  bodies  of 
citizens,  representing  various  sections  of  the  country,  have  met  and  recommended  the 
construction  of  said  water  outlet  upon  grounds  substantially  the  same  as  those  sug- 
gested in  my  previous  statement. 

That  this  valuable  enterprise  to  the  nation,  as  well  as  to  this  port,  will  be  entered 
upon  and  completed  is  evidently  a  work  only  of  time,  and  that  not  far  distant. 

Deeming  these  incidental  questions  relating  to  the  commercial  prosperity  of  this 

port,  together  with  the  questions  of  fact  that  its  commerce  itself  anbrds,  as  meeting 

your  inquiries,  they  are  very  respectfully  communicated,  with  the  hope  that  they  may 

aid  you  in  any  effort  you  may  make  in  behalf  of  the  commercial  interests  of  this  port. 

I  remain,  very  respectfully, 

John  L.  Thomas,  Jr., 

Collector. 

Col.  W.  P.  Craiohiix, 

Corps  of  Engineers,  U.  S,  A, 


F3. 

IMPKOVEMENT  OF  WICOMICO  RIVER,  NEAR  SALISBURY,  MARYLAND. 

Ab  stated  in  the  last  annual  report,  the  original  plan  of  improvement 
for  this  locality,  which  was  to  secure,  by  dredging,  a  channel  75  feet  in 
width  and  7  feet  in  depth  at  ordinary  low-water,  was,  owing  to  insuffi- 
cient.means,  so  modified  as  to  contemplate  the  dredging  of  a  channel 
only  60  feet  in  width  and  5  feet  in  depth  at  ordinary  low-water. 

In  January,  1876,  the  appropriation  of  March  3.  1875,  became  ex- 
hausted. At  this  time  the  channel,  as  per  modified  plan,  was  completed, 
except  for  a  distance  of  300  feet,  which  was  made  only  28  feet  in  width. 
An  appropriation  of  $5,000  was  made  for  this  work  by  act  of  Congress 
approved  August  14, 1876.  This  appropriation  did  not  become  availa- 
ble, however,  until  March  31,  1877.  At  the  date  of  the  last  annual 
report  arrangements  had  been  made,  with  the  approval  of  the  Chief  of 
Engineers,  for  recommencing  work;  the  work  to  consist  simply  in  dredg- 
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ing  to  secure  additional  width  of  channel  throughout  its  entire  length, 
and  to  restore  a  depth  of  5  feet  in  the  turning-basin  near  the  town, 
which  had  filled  up  considerably  since  the  close  of  operations  in  January, 
1870. 

Owing  to  some  delay  on  tlie  part  of  the  contractor  in  getting  his  ma- 
chiners'  ready,  he  having  introduced  some  improvements  in  his  mode  of 
depositing  material  by  means  of  chutes,  dredging  was  not  commenced 
until  August  30.  1877.  From  this  date  dredging  continued  without 
inteiTuption  until  the  26th  of  November  last,  when  the  channel  had  been 
widened  to  70  feet  throughout  its  entire  length  with  a  depth  of  5  feet  at 
ordinary'  low-water  from  the  town  of  Salisbury  to  the  deep  water  below, 
a  distaiice  of  about  7,000  feet;  12,197  cubic  yards  of  material  were 
removed  to  accomplish  this,  all  of  which  material  w^as  deposited  by 
means  of  chutes,  either  behind  the  dikes  already  constructed  or  on  the 
adjacent  flats,  at  a  miiumum  distance  of  120  feet  from  the  channel. 

On  the  26th  of  November  the  dredge  was  moved  up  the  river  and  put 
in  position  at  the  turning-basin  near  the  town.  By  an  arrangement 
previously  ma<le  with  the  adjacent  wharf-owners  the  latter  agroed  to 
receive  the  removed  material  upon  their  wharves,  thus  permitting  the 
continued  use  of  the  chutes,  and  saving  the  expense  of  towing.  Dredging 
was  continued  at  the  turning-basin  until  the  5th  of  January  last,  when 
the  basin  had  been  excavated  to  a  depth  of  6  feet  at  ordinary  low-water, 
and  over  as  great  an  area  as  the  safety  of  the  wharves  on  either  side 
would  permit ;  3,950  cubic  yards  of  material  were  thus  removed  from  the 
basin,  making,  with  the  amount  removed  from  the  channel  below,  a  total 
of  16,147  cubic  yards. 

On  the  5th  of  January  all  dredging  wa«  suspended  on  account  of  the 
near  exhaustion  of  available  funds.  Late  in  January  last  a  careful 
examination  of  the  entire  channel  and  turning-basin  was  made  and  the 
results  plotted.  The  examination  proved  that  the  dredging  had  been 
well  executed,  only  two  or  three  small  lumps  being  found  wiSi  less  than 
5  feet  of  water  at  ordinary  low-water.  It  was  estimated  that  these  lumps 
would  aggregate  50  cubic  yards  in  bulk,  which  amount  was  deducted 
from  the  aggregate  amount  of  dredging  at  the  final  settlement  with  the 
contractor. 

The  longitudinal  dikes  below  the  town,  which  were  built  for  the  most 
part  by  the  United  States^  have  suffered  some  damage  during  the  past 
year,  partly  from  the  action  of  muskrats  and  partly  from  the  practice 
of  vessels  attaching  lines  to  the  piles.  The  approval  of  the  Chief  of 
Engineers  having  been  obtained,  these  dikes  were  repaired  during  the 
month  of  June  last  as  thoroughly  as  the  limited  state  of  available  frmds 
would  i)ermit. 

Thirty-two  linear  feet  of  dike  have  been  entirely  renewed,  reqidring 
the  use  of  200  feet,  board-measure,  of  timber  and  sheet  piling,  and  the 
driving  of  4  round  piles,  as  well  as  the  excavation  and  replacing  of  a 
considerable  quantity  of  earth  behind  the  dikes. 

Mention  was  made  in  the  last  annual  report  of  the  fact  that  the  owners 
of  saw-mills  on  the  stream  above  the  town  of  Salisbury  were  in  the  habit 
of  allowing  sawdust  to  flow  into  the  stream,  much  to  the  detriment  of 
the  river  below,  particularly  at  the  turning-basin  near  the  town. 

It  is  now  but  just  to  state  that  tMs  practice  has  been  altogether  aban- 
doned by  all  the  mill-owners,  and  thus  one  great  cause  of  lie  rapid  fill- 
ing of  the  basin  has  been  removed. 

The  appropriations  for  this  work  have  been  June  10, 1872:  March  3^ 
1873:  Jime  23, 1874;  March  3, 1875:  August  14, 1876;  and  June  18, 
1878.    Total,  $30,000. 
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Should  the  origmal  plan  be  carried  out,  an  appropriation  of  810,000 
Trill  still  be  required. 

Thifl  improvement  is  in  the  collection-district  of  Baltimore. 

Money  statement 

July  1,  187T,  amount  available |4,700  70 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 

fi9,700  70 

July  1,  1878,  amount  expended  during  fiscal  year 4, 665  70 

July  1,  1878,  amount  available 5,036  00 

Amount  (estimated)  lequired  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  J  une  30, 1880 . .     10, 000  00 


c0mmerc7ial  statistics. 

Salisbury,  Md.,  Jum  7,  1878. 

Dear  Bir  :  I  have  the  honor  to  report  as  a  near  approximation  of  the  commerce  of 
Salisbury  for  the  past  year  the  following,  viz : 

Fifteen  schooners,  registering  913  tons,  and  51  sloops  and  smaller  craft  trade  from  the 
town.  Among  our  shipments  are  10,000,000  feet  rough  lumber;  3,000,000  feet  dressed 
flooring;  900,000  peach  crates;  400,000  packing  cases;  5,000  berry  crates j  10,000 fin- 
ished hubs;  4,000  cords  cordwood;  3,000  cords  kindling  wood;  4,000  railroad  ties; 
61,000  bushels  grain;  13,000  bushels  com  meal;  1,800  baiTels  flour;  13,000  pounds 
wool;  225,000  quarts  strawberries ;  15,000  melons :  .58,000  quarts  wild  berries;  4.000 
barrels  vegetables;  6,000  crates  peaches;  31,000  bushels  oysters;  60,000  busnela 
oyster-shellB ;  220  tons  fertilizers;  2,000  tons  coal.  Sales  of  general  merchandise 
from  30  stores  of  various  sizes  foots  up  $723,000.  Continuous  low  prices  of  lumber 
diminishes  the  production  of  this  our  ^eatest  industry. 

Twenty  new  buildings,  a  wharf,  2  iron  founderies,  a  power-printing  press,  show 
indications  of  prosperity,  notwithstanding  dullness  of  business.  One  steamboat  and 
aU  our  bay  craft  use  with  satisfaction  and  economy  the  channel  constructed  by  the 

government,  which  is  a  valuable  improvement.    A  moderate  additional  sum  would 
ouble  its  value,  and  it  is  hoped  Confess  may  appropriate  the  same. 
Very  truly,  yours, 

Geo.  W.  Parsons. 
Capt.  C.  B.  Philups. 


F4^ 

IMPROVEMENT  OF  JAMES  RIVER,  VIRGINU. 

The  operations  of  the  year  have  not  been  extensive,  the  available 
Ainds  having  been  very  limited.  They  have  been  conducted  in  further- 
ance of  the  existing  project  for  the  improvement  of  this  river,  and  have 
consisted  piincipaUy  in  the  removal  by  blasting  of  rock,  dredging,  and 
the  construction  of  wing-dams. 

On  the  1st  of  July,  1877,  the  amount  available  for  this  work  was  but 
$17,000,  being  the  balance  of  the  appropriation  of  August  14^  1876. 

During  the  month  of  July,  1877,  the  machinery  for  blasting  and  re- 
moving rock  was  employed  at  Eocketts  Reef  and  vicinity. 

One  pile-driver  and  one  dredge,  with  accompanying  tug  and  scows, 
were  employed  during  July,  August,  and  September,  and  three  dredges, 
with  accompanying  tugs  and  scows,  wfere  employed  during  the  month  of 
October.  Since  the  61ose  of  the  latter  month  no  work,  exclusive  of  sur- 
veys, has  been  done  by  the  United  States  during  the  fiscal  year. 

During  this  i)eriod  of  active  operations,  166  cubic  yards  of  rock  were 
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removed  fit)m  Eockette  Eeef  and  vicinity,  10,920  cubic  yards  of  material 
were  dredged  from  Eichmond  Bar  and  Eandolpli's  Flats,  and  3,350  linear 
feet  of  wing-dams  were  constructed  between  Eichmond  Bar  and  War- 
wick Bar. 

The  city  of  Eichmond  has  continued  to  co-operate  with  the  United 
States  in  improving  the  channel. 

The  operations  of  the  city  have  been  mostly  confined  to  dredging  at 
Drury's  Island  Cut,  Eichmond  Bar,  Eandolph's  Flats,  and  Warwick 
Bar  5  53,000  cubic  yards  of  material  have  been  removed  from  these  local- 
ities by  the  city  during  the  year. 

That  portion  of  the  machinery  used  for  blasting  and  removing  rock 
belongs  to  the  United  States.  The  remaining  portion  of  themacWnery, 
used  for  dredging,  pile-dri\ing,  &c.,  belongs  to  the  city  of  Eichmond, 
and  was  hired  by  the  United  States,  the  latter  paying  as  rental  the 
actual  cost  of  repairs  while  in  its  service. 

Mr.  H.  D.  Whitcomb  has  continued  to  be  local  engineer  for  the  United 
States,  at  Eichmond,  while  holding  at  the  same  time  the  position  of  en- 
gineer for  the  city,  in  its  joint  oi)erations  for  this  improvement.  His 
report^  giving  in  detail  the  operations  of  the  year,  is  appended  hereto. 

While  the  operations  of  the  year  have  been  out  limited,  the  results 
have,  on  the  whole,  been  satisfactory.  With  the  exception  of  two  short 
distances,  one  at  the  lower  end  of  Drury's  Island,  the  other  at  Eichmond 
Bar,  16  feet  at  ordinary  high  tide,  from  Eocketts  Eeef  to  the  sea,  has 
been  obtained.  At  the  excepted  points  hardly  15  feet  are  to  be  found. 
It  is  believed  that,  by  a  judicious  contraction  of  the  river  at  these  points^ 
the  desired  16  feet  may  be  obtained  and  maintained  without  ftirther 
dredging. 

On  Ewketts  Eeef  as  much  water  is  now  to  be  found  (14.2  feet)  as  can 
be  carried  with  safely  to  the  wharves  above. 

The  number  and  size  of  vessels  trading  to  this  port  are  constantly  in- 
creasing. A  greater  width  and  depth  of  channel  is  requisite  for  the 
wants  of  commerce.  The  delays  due  to  meager  appropriations,  and  the 
resulting  loss  to  and  decay  of  the  plant  and  the  works  already  com- 
pleted, are  such  that  it  cannot  be  expected  that  the  original  project,  of 
obtaining  a  channel  180  feet  in  width  and  18  feet  in  depth,  can  be  carried 
out  even  when  the  aggregate  appropriations  shall  have  amounted  to 
the  original  estimated  cost. 

Shoidd  the  whole  amount  asked  for  be  granted  in  two  successive 
appropriations,  there  is  no  reason  to  doubt  but  that  this  important 
improvement  could  be  carried  out  as  designed  without  exceeding  the 
limit  of  the  estimate. 

There  was  left  of  estimate  to  be  provided  foi*  at  date  of  last  annual 
report,  $558,024 ;  $70,000  were  appropriated  by  act  approved  June  18, 
1878,  leaving  yet  to  b^  provided  for  $188,024. 

Money  statement 

July  1,  1877,  amoant  available : $16,908  98 

Amount  appropriated  by  act  approved  June  18,  1878. ..'..'....     70, 000  00 

J86,902  92 

July  1,  1878,  amount  expended  daring  fiscal  year 16, 890  98 

July  1,  1878,  amount  available 70,011  94 

Amoimt  (estimated)  reauired  for  completion  of  existing  project 188, 024  00 

Amount  that  can  be  pxxiiitably  expended  in  fiscal  year  ending  June  30, 1880 .    150>  000  00 
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REPORT  OP  MR.   HENRY  D.  WHITCOMB,  ASSISTANT  ENGINEER. 

Richmond,  Va.,  June  1,  1878. 

Captain  :  I  have  the  honor  to  snbmit  the  following  rejlort  on  the  improvement  of 
Jaroee  River,  from  June  1,  1877,  to  May  31,  1878,  inclusive. 

After  paying  the  accounts  for  May,  1877,  there  remained  about  |20,000  of  the  api»ro- 
priation  of  August,  1876,  unexpended. 

The  machinery  for  removing  rock  waa  employed  until  August,  when,  hj  order  of 
Colonel  Craighill,  it  was  taken  to  the  Appomattox  improvement,  and  remamed  there 
until  the  apx)ropriation  for  this  work  was  too  nearly  exhausted  to  warrant  its  further 
nse  here.  A  dredge  and  pile-driver  with  steam-tug  and  barges  were  employed  until 
September  30,  and  3  dredges,  with  tugs  and  barges,  in  October ;  since  then  no  work 
exclusive  of  surveys  has  been  done  by  the  United  States. 

The  city  of  Richmond  employed  2  dredges,  1  tug,  and  1  dumping-machine  from 
June  1  to  September  30,  and  3  dredges  from  November  1  to  January  10,  1878.  Since 
then  no  wonc  has  been  done  by  the  city  except  in  repairs  ojf  machinery  and  in  sur- 
veys.   The  repairs  are  still  in  progress. 

The  Richmond  and  Danville  and  the  Chesapeake  and  Ohio  Railroad  companied  and 
the  Old  Dominion  Steamship  Company  have  each  done  some  dredging  with  the  city 
machinery  at  their  wharves,  the  greater  part  being  outside  the  limits  of  the  channel 
proper. 

Tne  channel  at  Goode's  Rocks  was  completed  to  a  minimum  depth  of  13  feet  at  low 
tide  by  100  feet  in  width  13th  June,  and  the  machinery  for  removing  rock  then  em- 
ployed at  Rocketts  Reef,  and  in  removing  bowlders  and  small  ledges  in  that  vicinity, 
nntil  August  1.  A  dredge  was  also  employed  in  this  work.  The  pile-driver  was  used 
in  constructing  timber  groins  on  the  shoals  from  Richmond  Bar  to  Warwick  Bar. 

Cuhio  yards  of  material  removed  hy  dredffing  and  hlaeiing. 


At  what  place. 

By  the  United 
States. 

By  the  city  of 
Richmond. 

Cniaraeter  of  material. 

Earth. 

Book. 

Earth. 

Book. 

Socketts  Reef 

M2 
28 
35 

96 

fr-ranit^^  and  cobble-stones. 

Dmiy's  Island  Cut .... 
Ooode's  Bocks 

8,4e7 

14,721 

Riclunoiid  Bar 

4,eg6 

1,861 

906 

91407 

18,131 

5,779 

4,854 

Coarse  sand. 

WarwifkBar 

Xhigsland*8  Reach 

Finer  sand. 

Light  muddy  sand. 

light  muddy  sand,  some  soft  rock. 

Total 

10,920 

606 

52,892 

98 

Earth. 


Bock. 


Character  of  mateiiaL 


By  Old  Dominion  Southside  Company 

By  Chesapeake  and  Ohio  Baflroad  Company 

By  Bichmond  and  Daayille  Railroad  Company. . 


5,024 
11,040 

8,150 


30 


Sand. 

Sand,  decomposed  rock,  and 
bowlders. 
Do. 


Total  by  all  parties:  Earth,  83,026  cubic  yards;  rock,  758  cubic  yards. 

The  rock  removed  by  the  city  had  nearly  all  been  loosened  by  the  United  States. 
About  19,000  cubic  yards  of  the  earth  removed  by  the  city  were  deposits  from  the 
fireshetfl  of  October  and  November. 

Timber  groins  or  wing- dams  built  by  the  United  States,  3,350  feet. 

For  want  of  sufficient  revetment,  which  was  in  nrogress,  about  1»250  feet  of  these 
groins  were  carried  away  or  injured  during  the  fresnets.  No  part  or  the  properly  pro- 
tected work  was  materially  injured. 

Freshets  during  the  year. 

There  were  several  freshets  during  the  year,  and  that  of  November  25  was  the  great-- 
est  of  which  we  have  any  reliable  record.  The  river  has  been  very  full  since  that 
time  and  in  nearly  every  mouth  there  have  been  one  or  more  rises  o/^from  2  to  nearly 
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4  feet.    So  far  as  observed,  the  rises  above  mean  high  tide  at  Rocketts  Reef  were  as 
follows : 

Peet 

Octobers,  lt<77 10.33 

November  9, 1877 7.50 

November  25, 1877 25.12 

Januarv  15,  1878 3.35 

January  31,  1878 3.30 

February  11,  1878 3.80 

March  14,  1878 3.80 

April  11,  1878 2.00 

May  7,  1878 2.76 

May  16,  1878 2.80 

In  the  flood  of  November  25  the  river  began  to  rise  at  3.30  a.  m.  on  the  24th,  and 
reached  its  maximum  about  9  p.  m.  on  the  25th.  The  registering  tide-^au^es  were 
removed  on  the  night  of  the  24tn,  and  shortly  afterward  the  buildings  which  Had  held 
them  were  swept  away,  together  with  the  building  used  as  store-house  and  laboratory. 
The  drilling  platform  was  upset  and  iiyured,  and  is  still  out  of  repair.  About  30,000 
feet  of  pine  lumber  were  carried  off,  but  all  recovered.  It  will  be  necessary  to  erect 
new  buildings  when  the  work  is  resumed,  at  a  cost  of  $600  or  |700. 

The  heights  above  mean  high  tide  that  this  flood  reached  were  measured  at  several 
places,  and  were  as  foUows: 


Pliice. 


Extreme 
height 
noted. 


Authority. 


Bocketts,  below  Gillie's  Creek 

Richmond  Bar,  lower  end 

Warwick  Bar,  crest 

Dmry's  Bluff  Landing 

Kingsland  Beach,  Bennett's  Wharf. 
Upper  end  of  Dutch  (Jap  Cut-off . . , 
Lower  end  of  Dutch  Gap  Cut-off . . . 

Varina 

City  Point 

Westover  Wharf 


FeeL 
25.12 
22:40 
20.05 
18.52 
16.40 
14.54 
12.39 
10.64 
2.20 
1.82 


Water-mark  in  drog-atore. 
Water-mM:k  on  noixh  hill-side. 
Water-mark  on  south  hill-side. 

Do. 
Hark  by  Mr.  Bennett. 
Mark  by  Mr.  Allen. 

Do. 
Mark  by  Mr.  Aiken. 
Mark  by  Mr.  Cook. 
Water-mark  on  beach. 


The  height  of  this  flood  at  Rocketts  was  \\  feet  above  the  arrow  on  the  monument 
erected  by  the  city,  which  marks  the  height  of  the  flood  of  1870.  Capt.  R.  D.  Minor, 
engineer  in  charge  of  the  improvement  on  the  part  of  the  city  in  1870,  stated  that  the 
flood  of  1870  reached  24  feet  i  inch  above  high  tide.  The  height  of  the  arrow  is  23 
feet  6J  inches  above  present  mean  high  tide,  giving  an  apparent  elevation  in  the  level 
of  high  tide  of  5f  inches  since  1870.  As  no  systematic  observations  on  the  tides  had 
been  made  by  Captain  Minor  at  that  date,  the  height  of  mean  high  tide  may  not  have 
been  accurately  known ;  but  it  is  possible  that  the  range  of  the  tides  has  increased 
since  the  deepening  of  the  channel  below.  It  is  proper  to  put  this  discrepancy  on 
record  to  prevent  a  future  misunderstanding. 

The  water-marks  referred  to  above  were  taken  as  soon  as  possible  after  the  flood, 
but  are  liable  to  the  error  which  may  be  caused  by  the  waves  of  steamers.  They  were 
sometimes  taken  on  the  side  where  the  current  impinged,  and  sometimes  on  the  oppo- 
site.   The  slopes  given  below  are  also  aftected  by  these  probable  errors. 

Slopes  of  the  flood  of  November  25,  1877. 


On  4  miles  above  Richmond  and  Danville  Kailroad  bridf^e. . 
From  Richmond  and  Danville  Railroad  bridge  to  Rocketts. 

From  Rocketts  to  Richmond  Bar 

From  Richmond  Bar  to  Warwick  Bar 

From  Warwick  Bar  to  Dmrv's  Bluff 

From  Drury's  Bluff  to  Bennett's  Wharf 

From  Bennett's  Wharf  to  Dutch  Gap  Cut-off 

From  upper  to  lower  end  Dutch  Gap  Cut-off,  through  the 

tame 

l^m  upper  to  lower  end  DutchfGap  Cut-ofii;  around  the 

bend 

From  Dutch-Gap  Cut-off  to  Yamia  Wharf 

From  Varina  Wharf  to  Citv  Point 

From  City  Point  to  Westover  Wharf 


By  Mr.  R,  Gordon,  civil  engineer. 
United  States  assistant  engmeers. 
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The  effects  of  this  and  preceding  floods,  so  far  as  ascertained,  were  as  follows : 

The  entrance  to  the  ship-lock  and  the  channel  in  front  of  tlie  Ohl  Dominion  South- 
side  Wharf  were  re<lnce<l  in  depth.  t>oni  tliis  to  the  lower  end  of  Drury's  Island 
there  was  no  appreciahle  change  in  the  channel.  Opjiosite  the  lower  end  of  the  island 
for  ahout  400  feet  the  dredced  channel  was  shoaled  so  that  not  more  than  11  feet 
could  l>e  carried  through  at  low  tide.  A  great  volume  of  water  poured  over  the  dikes, 
at  the  he^l  and  foot  of  the  island,  and  over  the  low  ground  to  the  eastward  of  this 
point,  and  these  diversions  of  watrcr  may  have  been  the  cause  of  the  shoal.  On  the 
crest  of  Richmond  Bar  the  channel  was  rounded  out,  giving  a  better  dejith  than  before, 
and  the  lower  part  of  the  oar  was  scoured  down  in  places  to  15  feet  and  over  at  low 
tide. 

Two  of  the  groins  or  dikes  at  the  head  of  Kandolph's  Flats  (the  next  slioal  below) 
were  partly  carried  away,  and  the  scour,  although  considerable,  was  not  in  the  direct 
channel ;  the  channel  which  had  been  dredged  was  partially  filled,  but  near  the  injured 
groins  there  were  14  feet  at  low  tide.  These  groins  had  not  been  protected  with  hard 
revetment. 

From  this  to  the  end  of  the  shoal  the  groins  were  not  injured,  and  the  channel  was 
jipneatly  improved.  On  the  lower  500  feet  there  were  from  15  to  16i  feet  in  the  channel 
at  low  tide. 

From  this  to  the  crest  of  Warwick  Bar  the  groms  were  more  or  less  ii^jured  and  had 
very  little  effect.  There  is  a  shoaling  in  one  place  due  apparently  to  the  scour  on 
Randolph's  Flats  above. 

The  two  lower  groins  alone,  which  were  on  opposite  sides  of  the  river  at  the  crest  of 
the  bar,  remained  nearly  entire,  and  the  effect  of  these  and  of  the  remains  of  others 
immediately  above  was  very  great.  From  300  feet  above  to  700  feet  below  there  was  a 
wide  channel  with  from  15  to  20  feet  at  low  tide,  where  in  the  preceding  month  we  had 
been  dredging  to  get  a  channel  13  feet  deep.  The  channel  through  the  old  crest  2,000 
feet  below  (where  obstructions  were  placed  during  the  civil  war)  was  somewhat  reduced 
in  depth  from  the  scour  above.  There  were  several  ridses  with  intervening  depressions 
at  right  angles  to  the  current  extending  to  about  3,000  feet  below  the  lowest  groin.  All 
this  part  of  the  river  is  wider  than  between  the  groins,  and  needs  regulation. 

From  Warwick  Bar  to  Kingsland  Reach,  10|  miles  below  Richmond,  no  thorough 
examination  has  been  made  since  the  freshet,  but  no  marked  change  in  the  channel  is 
sospected.  The  shoal  in  Kiugsland's  Reach  was  increased  in  length  and  height,  and  had 
one  sounding  of  only  10  feet  at  low  tide  in  the  channel.  The  river  is  1,100  feet  wide, 
300  feet  more  than  it  is  immediately  above  and  below.  Just  above  the  stream  bends 
Buddenly  to  the  left,  and  just  below  as  suddenly  to  the  right,  turning  a  sharp  elbow, 
having  low  banks,  across  which  the  flood  jwured,  reaching  the  river  below  in  about  f 
the  dist-anoe  around.  This  reduced  the  velocity  over  the  shoal,  and  accounts  for  its 
increase.  A  levee  will  probably  be  needed  here  in  addition  to  works  heretofore  pro- 
jected, none  of  which  have  been  executed. 

The  shoal  in  Trent's  Reach  was  also  increased,  having  one  sounding  of  only  6^  feet 
in  channel  where  there  had  been  9^  feet  a  few  months  previous.  As  tnis  shoal  is  now 
avoided  by  the  Dutch  Gap  Cut-off,  no  eflbrt  has  been  n^e  to  restore  the  channel.  At 
the  other  shoal  mentioned  the  city  dredged  channels  to  a  minimum  depth  of  15  feet  at 
high  tidCj  and  at  Warwick  Bar  and  Kingsland's  Reach  to  16^  and  17  feet  respectively, 
which  reouired  25  days'  work  of  3  dredges. 

At  the  neight  of  the  flood  of  November  25  the  difference  in  elevation  at  the  upper 
and  lower  end  of  Dutch  Gap  Cnt-off  was  2.15  feet  in  a  distance  of  about  600  feet. 
There  was  some  abrasion  above  ordinary  water-level  in  the  light  gravelly  material, 
especially  at  the  upper  left-hand  side.  In  the  indurated  olav  or  marl  through  which 
the  cut  is  made  under  water  there  was  no  apparent  scour.  Tne  deep-water  line  at  the 
lower  end  is  now  somewhat  extended  into  tlie  cut,  but  apparently  not  into  the  indu- 
rated clay ;  but  a  more  thorough  examination  is  needed  to  enable  me  to  speak  con- 
fidently. 

A  few  soundings  were  taken  in  Varina  Reach,  which  indicated  no  change  ingurious 
to  navigation.  Besides  this  no  examinations  have  been  made  of  the  river  below  Dutch 
Gap  since  the  freshet. 

The  effect  of  these  freshets  was  good  wherever  the  river  had  been  contracted  in 
width,  but  at  several  points  it  is  evident  that  fhrther  contraction  and  some  changes  in 
direction  are  needed.  As  a  rule,  the  widths  heretofore  adopted  are  found  to  be  proper 
for  the  bends,  or  where  the  current  sets  to  one  shore  continuously,  but  where  tnere  is 
a  "  cross-over"  a  further  contraction  is  necessary  to  maintain  the  desired  depth. 

The  following  statement  shows  the  widths,  depths,  and  areas  opposite  the  groins  on 
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two  of  the  shoals  improved  in  1874  and  in  March,  1878 ;  also  the  amount  of  contraction 
and  the  increase  in  area  since  the  contraction  was  ma-de. 


>  . 

Is 


?     ^ 


o^ 


Feet 

950 

1,140 

1,205 

1,140 

1,020 

1,020 

990 

995 

960 

940 


I- 


Feet 
11.3 
9.7 
9.2 
9.8 
12.2 
10.1 
9.3 
10.0 
10.5 
12.0 


.3^ 


1^^ 


Sq.ft. 
8,298 
5,728 
5,799 
5,552 
6,201 
6,481 
8,783 
6,513 
6,975 
8,928 


June,  1878 
Oct.,    1876 

do 

....do 

....do 

Sept,  1877 

...do 

....do 

....do 

....do.. 


Feet 
595 
586 
588 
600 
608 
800 
695 
615 
610 
844 


ill 


!f8^ 
4,359 
3,954 
4,307 
4,908 
4,950 
5,649 
6,878 
5,643 
5,792 


of 

.9 


Sq./t 
8,300 

5U24 
4^907 
4,987 


'I 


Sq.A- 
6,584 
8,098 
6,841 
5,824 
5,757 
8,181 
8,295 
8,280 
6,310 
8,391 


^a 


Sq.ft. 
8,323 


5,748 
5,720 
6,045 
6,835 
8,510 


7,367 


Sq.ft 
6rS83 
8,188 
6,840 
5,846 
5,942 
6,727 
6,689 
8,757 
7,242 
7,503 


Feet 

lai 

12.3 
11.9 
12.7 
13.4 
14.0 
14.6 
14.0 
16.0 
15.4 


Richmond  Bar. 

Do. 

Do. 

Do. 

Do. 
Bandolph  Flats. 

Do. 

Do. 

Do. 

Do. 


From  this  the  following  averages  are  obtained : 


JU 

k 
It 

1 

u 

III 

IJ-3 

j^^ 

III 
III 

II! 
Ills 

< 

< 

^ 

f^ 

^ 

Sichmond  Bar 

"it. 

6,733 

5,582 

IS 

32 
21 

it 

1 

Kandnlph'B  Flatfl, 

3f 

Thai;  is,  although  the  low-tide  areas  of  1874  were  afterward  contracted  from  20  to  30 
per  cent,  by  the  works,  yet  the  present  areas  between  the  works,  or  between  the  lines 
of  contraction,  are  from  1  to  4  i>er  cent,  greater  than  the  areas  mm  shore  to  shore  in 
1874,  and  the  slight  changes  which  are  found  after  freshets,  as  the  cross-section  ap- 
proaches its  former  area,  gives  a  color  of  probability  to  the  opinion  that  theee  are  the 
areas  neeessary  for  the  river  with  its  present  slope ;  and,  admitting  this,  we  may  hope 
that  by  further  contraction,  based  on  these  normal  areas,  any  reasonable  depth  of  chaai- 
nel  may  be  had  and  maintained. 

On  this  supposition,  a  further  contraction  of  about  100  linear  feet  on  Richmond  Bar 
should  give  15  feet  depth  at  low  tide,  and  a  less  amount  suffice  on  Randolph's  Plate. 

The  plan  for  contracting  the  widtn  recently  pursued  has  been  by  means  of  timber 
groins,  built  generally  at  right  angles  to  the  current  and  to  the  level  of  mean  high 
tide.  These  are  lines  of  sheet  piling  supi>orted  by  round  piles  at  intervals  of  from  5  to 
10  feet.  The  timber- work  is  revetted  with  the  hard  material  dredged  from  the  chan- 
nel, which  is  dumped  on  the  groins  and  allowed  to  find  its  own  slope. 

It  is  a  cheaper  plan  than  that  of  dikes  parallel  to  the  current,  altnough  probably  not 
so  effective.  It  affords  a  means  of  correcting  the  lines  of  contraction  mm  time  to  time, 
as  the  groins  may  be  increased  in  length  or  shortened,  as  circumstances  require,  wlieteas 
the  case  of  a  dike  parallel  to  the  current  in  the  wrong  place  can  only  be  remedied  by 
another  parallel  to  it.  But.  in  addition,  as  the  chief  scour  near  Richmond  is  due  to 
freshets  and  not  to  tidal  actions,  it  would  be  necessary  to  connect  such  parallel  dikes 
with  the  shores  by  jnst  such  groins  at  intervals,  not  only  to  confine  the  ounent,  but 
to  protect  the  dikes  from  scour  in  the  rear.  When  the  proper  width  for  the  river  is 
found,  it  will  doubtless  be  better  to  connect  the  outer  ends  of  these  groins  by  a  dike, 
at  least  on  the  concave  sides. 

PRESENT  CONDITION  OF  THE  CHANNEI^ 

The  depth  on  Rocketts  Reef  remains  essentially  as  in  June  la«t,  at  14.2  feet  at  high 
Hde,  and  this  is  all  that  can  be  carried  to  the  wharves  above  with  safety.     Some  im- 
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provement  was  made  in  the  width  by  the  removal  of  640  cubic  yards  of  rock,  but  there 
is  no  continuous  improvement  in  depth.  Below  this  reef  there  are  16  feet  depth  at 
mean  high  tide,  except  for  short  distances  opposite  the  lower  end  of  Drury's  Island 
and  in  Richmond  Bar,  where,  at  the  date  of  this  report,  there  are  scant  15  feet.  A 
channel  through  these  shoal  spots  would  cost  very  little ;  but  experience  teaches  that 
a  channel  dredged  in  this  part  of  James  River,  in  sand  or  other  light  material  moved 
by  freshets,  wifl  be  filled  by  succeeding  freshets,  unless  a  corresponding  contraction  of 
the  water-way  is  made,  and  with  such  contraction  no  dredging  is  required. 

SURVEYS. 

The  survey  of  the  shoal  in  Kingsland*s  Reach,  10  miles  below  Richmond,  made  last 
summer,  showed  an  immx>yement  in  depth,  as  compared  with  1874,  although  no  work 
had  been  done  there.  The  November  Hood  changed  this  condition,  as  before  stated. 
A  recent  but  not  thorough  examination  indicat>es  that  the  shoal  is  again  being  reduced 
in  the  main,  but  the  channel  dredged  last  December  has  shoaled  about  a  foot,  and  has 
but  16  feet  at  high  tide. 

A  survey  of  the  river  for  two  miles  below  Dutch  Gap  Cut-off,  including  the  Varina 
Shoal,  was  made  in  November.  It  was  made  to  ascertain  not  only  the  condition  of  the 
shoal,  but  if  the  regimen  of  the  river  had  been  changed  by  the  action  of  the  cut-off. 
It  should  have  included  a  mile  of  the  river  above,  and  the  bend  cut-off,  and  a  longer 
distance  below.  The  November  flood  has  occurred  since,  and  a  new  survey  would  per- 
haps give  more  reliable  information.  In  the  preceding  great  flood  of  1870  the  cut-off 
was  in  nearly  the  condition  it  was  left  at  the  close  or  the  civil  war ;  a  low  causeway 
had  been  made  across  the  upx)er  end,  and  this  was  washed  out  by  that  flood.  Soon 
afterward,  and  before  the  survey  of  1874,  the  cut  was  widened  and  deepened,  and  in 
1875-76  it  was  again  enlarged,  and  is  now  about  180  by  15  feet  at  low  tide,  with  an 
area  in  cross-section  of  about  2,450  feet.  By  the  recent  survey  there  seems  to  hare 
heen  no  marked  change  in  the  depth  of  the  river  for  two  miles  below  since  the  survey 
of  1852-'53.  There  has  been  a  scour  for  about  600  feet  immediately  below  the  cut-oft, 
the  depth  being  now  from  35  to  40  feet.  From  that  to  Varina  Shoal,  one  mile  below, 
the  depths  correspond  closely  with  those  of  the  old  survey,  and  range  from  43  feet  to 
18  feet  in  the  channel  at  low  tide.  The  upper  18-feet  contour  on  the  shoal  appears  to 
be  200  feet  lower  down,  the  length  between  the  upper  and  lower  contour  being  nearly 
the  same.  The  least  channel-depth  over  the  shoal  is  15  feet  at  low  tide,  the  same  as 
in  1852-^53,  but  the  width  of  the  channel  is  probably  less.  It  is  not  easy  to  get  an 
accurate  measurement  of  area  in  cross-section  from  the  Coast  Survey  chart,  since  the 
lines  of  soundings  are  not  at  right  angles  to  the  current.  The  results  of  the  examination 
are,  however,  submitted  for  whatever  they  may  be  worth,  in  the  following  statement : 


No. 


Position. 


Area,  185^*53.    Area,  1874.   Area,  1877. 


300  feet  above  ontlet  of  Dutch  Gap  Cut-off 

800  feet  below  outlet , 

1,000  feet  below  ontlet 

2, 800  feet  below  outlet , 

4,800  feet  below  outlet , 

6, 600  feet  below  ontlet 

7.200  feet  below  outlet 

7,800  feet  below  ontlet 

10,000  feet  below  outlet 


13,  MO 
17,250 
14,500 

14,  810 
14,030 
14,409 
14,193 
16,375 

*17, 284 


8qwa>r9fe$t. 

12,700 

15,308 

*16, 610 


11, 057 
15,092 
16, 730 
14,117 
15,026. 
14,275 
14,202- 
14,706 
16,068 


*  End  of  survey. 

The  lengths  of  Varina  Shoal  by  the  sur\'ey  of  1852-'53  and  of  1877  are  as  follows : 

1852-'53.  1877. 

Less  than  18  feet  at  low  tide 3, 000  feet.        2, 950  feet. 

Less  than  17  feet  at  low  tide 2, 700  feet.        2,500  feet. 

Less  than  16 feet  at  low  tide 1.600  feet.        2,000  feet 

As  affecting  the  navigation  for  two  miles  below  at  least,  the  cut-off  seems  to  hav& 
done  very  little  beneficial  or  otherwise;  an  examination  of  the  bend  cut-off  will  prob- 
ably show  that  its  cross-section  is  reduced. 

A  survey  of  Harrison's  Bar  and  of  the  shoal  ground  between  it  and  Westover  Wharf 
wad  made  in  November  and  December.  On  the  bar  the  lines  of  soundings  were  taken 
100  feet  apart ;  elsewhere  about  200  feet.  There  were  formerly  two  navigable  chan- 
nels over  this  bar,  separated  bv  shoal  ffronnd.  The  southern  channel  has  partially  filled 
and  is  rarely  used,  then  only  by  small  vessels.  As  this  ground  had  been  recently  gone 
over  by  the  Coast  Survey," and  the  object  of  our  examination  was  only  to  ^et  more 
minute  information  with  a  view  to  the  improvement  of  the  main  channel,  this  south- 
em  channel  was  not  examined.    There  has  been  some  improvement  in  the  depth  of  the 
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main  channel  since  1853,  or  rather  the  crest  of  the  bar  is  narrower  than  it  was.  The 
shoal  lying  between  the  two  channels  is  2  or  3  feet  higher  than  then,  and  is  bare  in 
places  at  very  low  tides.  The  following  amounts  of  material  must  be  removed  to 
give— 


200-feet 
channeL 

aoofect 

channeL 

500-feet 
cluameL 

18  feet  at  mean  low  tide 

Cubic  yards. 

23,000 

3,520 

Oiibie  yard*. 

40,000 

9,000 

Cubic  yards. 
66,000 

18  feet  at  mean  high  tide 

18,000 

As  the  removal  of  this  material,  at  least  of  the  larger  amounts,  could  now  be  con- 
tracted for  at  20  cents  a  cubic  yard  or  less,  the  reduction  of  the  bar  is  not  a  serious 
matter.  If  thought  advisable,  the  southern  channel  could  be  closed  by  sheet-piling 
revetted  with  the  dredged  material.  It  is  not  unlikely  that  training-dikes  will  be 
needed  in  places  to  aid  in  maintaining  the  channel  when  dredged. 

TIDES. 

The  two  registering  gauges  were  removed  in  the  November  flood  and  have  not  been 
replaced.  Since  then  the  day  tides  only  have  been  observed.  In  reducing  the  obser- 
vations from  the  registers  the  high  tides,  due  to  strong  winds  or  to  fi*eshet8,  are  ex- 
cluded when  they  exceed  the  mean  li  feet.  The  observations  J&om  the  ordinary  gauge 
made  since  November  are  all  included  in  getting  the  mean.  The  observations  &om 
June,  July,  and  August  are  the  first  that  have  been  made  during  those  months  with 
the  registers,  and  during  this  period  the  river  was  lower  than  it  had  been  for  many- 
years. 

Mean  of  observations  on  tides  at  Rocketts  and  Richmond  Bar,  June  to  Xovember,  1877. 


Limitidaiin- 
tervaL 

Dniation. 

Height  above 
zero. 

RiaoandfiOL 

a- 

Low 
tide. 

Flood. 

Ebb. 

f^^ 

Low 
tide. 

Max. 

Min. 

Mean. 

Kockette  Beef 

h.m, 

16  44 
16  37^ 

h.m. 
24  09 
28  53 

h.  m. 
5  05 
5  13 

h.  m. 
7  22 
7  14 

Feet. 
3.463 
8.396 

Feet. 
—0.402 
-0.459 

Feet. 
4.96 
4.92 

Feet. 
2.19 
2.34 

Feet. 
3.865 

"Rlfllnnond  Bar 

3.855 

Mean  heights  of  high  and  low  tides  and  of  rise  and  fall  at  Rocketts,  and  of  the  fall  at  tew  tide 
from  Rocketts  to  Richmond  Bar,  a  distance  of  2^  miles,  from  April  to  iiovember,  1877. 

[Ftom  registering  tlde-ganges.} 

Fall  at  low 
tide  from 
Bocketts 
to  Rich- 
mond Bar. 


1877. 

April 

May 

Jnne 

July 

Augnst 

September 

October 

November 


High  tide 

Low  tide 

Biaeand 

above  zero. 

above  zero. 

falL 

Feet. 

FeeL 

Feet 

3.953 

1.022 

2.931 

a  542 

0.297 

3.283 

3.282 

—0.567 

8.847 

3.234 

—0.829 

4.062 

3.512 

—0.482 

3.944 

8.656 

—0.202 

3.854 

3.621 

0.002 

3.618 

3.559 

—0.088 

8.654 

Feet 
0.342 
0.386 
0.109 
0.048 
0.031 
0.016 
0.138 
0.096 


The  mean  heisht  of  high  tide  above  zero,  not  including  June,  July,  and  August,  as 
heretofore  found,  is  «H  feet.  It  will  be  seen  from  the  above  table  that  as  the  fresh 
water  decreases  in  volume  as  indicated  by  height  of  low  tide,  the  tidal  range  or  rise 
and  fall  is  increased,  so  that  in  July,  while  low  tides  averaged  0.829  foot  below  zero,  the 
high  tides  were  only  0.266  foot  under  mean  high  tide.  The  fall  from  Rocketts  to  Kich- 
mond  Bar  when  the  river  is  low  is  abnost  nothing  at  low  tide ;  at  from  2  to  5  hours 
after  high  tide  on  calm  days  in  June  and  July,  1877,  the  fall  was  0.27  foot.    In  the 
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freshets  of  October  and  November  the  greatest  fall  in  this  distance  was  found  to  oc- 
cur before  the  extreme  height  was  reached. 

Height,  feet.  Fall,  feet. 

Octobers,  greatest  fall  at  12  m 12.84        2.02 

October  6,  greatest  height  11  a.  m 13.83        1.64 

November  10,  greatest  fall  at  4  p.  m 10.51        1.76 

November  11,  greatest  height  1  a.  m 11.00        1.63 

November  25,  greatest  height 28.62        2.72 

The  greatest  fall  in  the  last  case  cannot  be  a^ertained. 

The  day-tides  at  Sockeits,  from  December  to  May  inclusive. 


Mean  of  high  tides  above  zero  in  feet. 
Mean  of  low  tidea  above  zero  In  feet. . 
Mean  rise  and  fall 


December, 

1877. 


3.43 
0.23 
3.20 


Jannary, 

1878. 


5.04 
3.02 
2.02 


February, 

1878. 


4.08 
2.52 
2.16 


March, 

1878. 


3.97 
1.32 
2.65 


April, 

1878. 


4.03 
1.09 
2.94 


Mav, 

1878. 


4.31 
L79 
2.32 


ESTIMATED  COST  OP  COMPLBTINO  THE  WOKK. 

The  amount  expended  on  the  improvements  since  the  estimate  of  June  1,  1877,  was 
submitted  is  comparatively  small.  The  flood  of  November  made  changes  in  the  chan- 
nel sometimes  for  the  better  and  sometimes  for  the  worse ;  it  caused  loss  and  damage 
to  plant  and  works,  and  showed  that  more  work  would  be  required  at  some  points  and 
less  in  others  than  had  been  estimated  for.  A  revised  estimate  is  therefore  needed.  In 
the  absence  of  full  information  at  this  time,  especially  below  Warwick  Bar,  this  is  im- 
practicable. It  is  not  improbable  that  the  changes  in  plan  required  will  not  cost  more 
than  the  amount  expended  during  the  year,  and  the  former  estimate  is  submitted  with- 
out alteration.  This  estimate  includes  the  river  from  Richmond  to  Harrison's  Bar,  with 
a  provisional  estimate  for  the  latter.  There  are  also  three  shoals  lower  down  which 
need  improvement,  which  have  not  been  included  in  previous  estimates. 

Assuming  that  the  prices  for  labor  and  material  remain  as  at  present,  and  that  full 
appropriations  are  maae  so  as  to  avoid  the  increase  in  expense  due  to  incomplete  opera- 
tions, the  amount  now  required  to  make  a  channel  18  oy  180  feet  at  high  tide,  from 
Bichmond  to  the  lower  end  of  Harrison's  Bar,  is  $258, (^. 

The  city  of  Richmond,  by  the  loan  of  machinery  and  in  actual  work,  has  borne  the 
greater  part  of  the  expense  of  carrying  on  and  maintaining  the  improvement  during 
Sie  year.  The  city  committee  expended  about  $22,000,  and  furnished  the  United  States 
3  dredges,  2  steam-tugs,  a  steam  dumper,  a  pile-driver,  and  9  scows,  at  a  rental  not  to 
exceed  the  cost  of  ordinary  repairs. 

COMMERCIAL  STATISTICS. 

The  report  of  the  James  River  Improvement  Committee  of  Richmond,  R.  E.  Blank- 
enship,  esq.,  chairman,  dated  February  21,  1878,  says: 

"The  commerce  on  the  river  is  steadily  increasing.  Larger  vessels  are  seeking  car- 
goes here.  The  improvement  is  gradually  being  understood,  and  in  a  short  time  will 
he  as  well  known  to  shipmasters  and  merchants  as  the  Clyde  and  other  great  thorough- 
fares that  have  been  made  by  careful  and  intelligent  engineering. 

''The  number  of  vessels  arriving  and  departing  from  this  port  was  1,473,  say, 
steamers  570,  sail  903.  Of  this  numoer  vessels  caiTying  175,435  tons  entered  at  Chesa- 
petUce  and  Ohio  Railroad  wharves,  and  vessels  carrying  50,096  tons  at  Richmond  and 
I)anviIIe  Riulroad  wharves,  a  decided  increase  in  the  business  of  both  railroads.'' 

The  following  is  from  a  letter  of  Dr.  C.  S.  Mills,  collector  of  this  port  : 

"  I  herewith  furnish  a  statement  of  revenue  collected  from  customs  at  this  port  from 
June  1,  1877,  to  May  31,  1878,  inclusive ;  also,  a  list  showing  the  number  and  tonnage 
of  all  vessels  which  have  been  entered  and  cleared,  together  with  a  statement  of  the 
Talue  of  the  foreign  imports  and  exports. 

'*  The  list  of  vessels,  however,  does  not  include  some  eight  hundred  trading  coast- 
wise, nor  the  value  of  their  cargoes,  of  which  no  record  is  kept  in  this  office,  such  not 
being  required  to  enter  and  clear. 

"A  statement  is  also  furnished  showing  the  extent  and  value  of  the  direct  foreign 
trade  with  this  port  and  the  various  countries  to  and  from  which  shipments  are  made. 

"  It  will  be  seen  that  Richmond,  in  common  with  all  other  ^orts  in  the  country,  ha« 
suffered  from  the  general  depression  of  business  and  diminution  of  importations,  but 
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I  think  we  are  beginning  to  realize  some  of  the  benefits  promised  from  the  improve- 
ment of  the  James  River  in  the  increased  tonnage  of  tne  vessels  trading  with  this 
post,  many  of  which,  formerly  compelled  to  transfer  to  lighters  portions  of  their  car- 
goes before  coming  np  to  Richmond,  can  now  arrive  at  our  wharves  with  full  cargoes, 
thus  avoiding  the  delay  and  expense  of  transhipment. 
"Very  respectfully  yours, 

"CnAKLES  S.  HlLLB, 

*' Collector.'' 

IMPORTS. 

Value. 

From  England $20,735 

From  Nova  Scotia 6,  676 

FromNew  Brunswick 926 

FromBrazU 172,916 

1201,253 

Dutiable  imports 21,  917 

Free 179,336 

201,253 

EXPORTS. 

To  England |270,236 

To  Ireland 19,500 

To  Austria 203,000 

To  Brazil 1,110,534 

To  Denmark 45,630 

To  France 257,950 

To  Germany 266,552 

To  New  Brunswick 338 

To  Cape  Town,  Africa.... 31, 622 

To  Holland 82,400 

To  Cuba 29,130 

To  Norway 76,735 

To  Italy 154,812 

To  Nova  Scotia 2,376 

2,500,715 

E:NTRANCE8  and  clearances  at  the  port  of  RICHMOND,  VIRGINIA,  FROM  JUNE  1,  1877, 

TO  MAY  31,  1878. 

Coasti(^i8e  steamers. 

YesaeU.  Tonnage. 

Entered 433  439,724 

Cleared 515  479,341 

Coastwise  sail  vessels  and  Imrges. 

Entered 122         24,689 

Cleared 16  2,478 

Entered  barges 3  257 

FOREIGN  TRADE. 

Sail  vessels, 

"  Entered :  vessels,  38 ;  tonnage,  9,427 :  value  of  cargoes,  ^1,253.  Cleared :  vessels, 
96 :  tonnage,  29,727 :  value  of  cargoes,  $2,500,715. 

"Total  amount  ot  customs  collections  at  port  of  Richmond,  Va.,  from  June  1,  1877, 
to  May  31,  1878, 115,067.85." 

Very  respeotfoUy,  your  obedient  servant, 

H.  D.  Whttcomb, 
Assistant  Engineer. 

Capt.  C.  B.  Phillips, 

Corps  of  Engineers,  U,  S,  J. 
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IMPROVING  APPOMATTOX  RIVER  BELOW  PETERSBURG,  VIRGINIA. 

The  balance  ($15,000)  of  the  appropriation  of  August  14, 1876,  was 
made  available  May  1, 1877. 

A  project  for  the  exx)enditure  of  this  balance  was  submitted  to  the 
Chief  of  Engineers  on  the  16th  of  July,  1877,  and  was  by  him  approved. 
The  project  contemplated  the  expenditure  of  this  entire  balance  upon 
that  i)ortion  of  the  river  between  the  upper  end  of  Puddledock  Cut  and 
the  city  of  Petersburg,  the  work  to  consist  of  the  removal  by  blasting  of 
about  400  cubic  yards  of  rock  from  the  channel  at  the  bend  opposite 
Stein's  TTpper  Cut,  the  constiTiction  of  about  1,000  linear  feetof  longitud- 
inal dike  extending  downstream  from  Lieutenant's  £un^  and  the  con- 
fitruotion  of  13  wing-dams,  consisting  partly  of  sheet  piling  and  partly 
of  stakes  and  brush  wattling,  and  located  for  the  most  part  at  the  long, 
straight  reach  occupied  by  Page's  Bar. 

This  i>ortion  of  the  river  had  necessarily  been  somewhat  neglected  of 
late  years,  the  greater  portions  of  the  appropriation  having  ^n  abso- 
lutely required  at  the  lower  portions  of  the  river,  including  tiie  dredging 
of  Puddledock  Cut  and  the  construction  of  deflectors  and  embankments 
in  connection  with  it. 

The  details  of  the  work  were  determined  upon  after  a  careful  study  of 
the  past  history  of  the  improvement  and  after  forming  certain  deduc- 
tions irom  current  observations  taken  for  the  purpose. 

In  May,  1877.  current-observations  were  taken  at  two  points,  one  near 
the  ^^ magazine"  rock  in  the  bend  of  the  river  opposite  Stein's  Upper 
Cut  for  the  purpose  of  determining  the  proper  location  of  the  channel  at 
this  pointy  the  other  opposite  the  city  of  Petersburg,  for  the  purpose  of 
determining  the  discharge  of  the  river.  The  observations  at  the  maga- 
zine rock  showed  conclusively  the  impracticability  of  turning  the  chan- 
nel to  the  south  of  the  rock,  and  as  the  space  was  extremely  limited  be- 
tween it  and  the  northern  shorCj  it  was  determined  to  remove  by  blasting 
so  much  of  the  rock  as  would  give  a  clear  passage  of  100  feet.  A  sketch 
showing  the  original  location  of  this  rock,  together  with  the  paths  of 
floats  l^fore  its  removal,. accompanies  this  report. 

In  taking  observations  for  discharge,  a  point  was  selected  at  the 
lower  end  of  the  city  of  Petersburg  where  the  river  is  nearly  straight. 

A  base  line,  150  feet  in  length,  and  parallel  to  the  general  thread  of 
the  stream,  was  l^id  out  on  the  northern  shore,  from  which  base  the 
floats  were  located  and  timed  while  on  their  passage. 

Four  gauges  had  l)een  previously  locateti  and  connected  with  a  line  of 
levels,  one  at  the  point  of  observations,  the  others  at  intermediate  points 
between  Petersburg  and  the  upijer  end  of  Puddledock. 

Tliese  gauges  were  observed  during  the  whole  time  that  observations 
were  being  made.  The  obser\'ation8  were  necessarily  limited  to  a  single 
<Jay,  but  were  continuous  during  an  entire  period  of  ebb  and  flow.  Sixty- 
six  observations  were  made  in  all^  covering  quite  thoroughly  the  entire 
stream  both  horizontally  and  vertically.  The  river  at  the  time  the  ob- 
serv^ations  were  made  was  at  about  its  ordinaiy  stage. 

It  was  found  that  the  mean  discharge  of  the  river  at  the  point 
selected  during  the  entire  period  of  ebb  tide  was  at  the  rate  of  1,074 
cubic  feet  per  second,  the  mean  velocity  bemg  .78  foot  per  second,  or  .53 
mile  per  hour. 

The  present  area  of  cross-section  at  the  point  of  observations  is  1,377 
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square  feet.  An  amount  of  dredging  has  been  done  here,  however,  by 
the  city  of  Petersburg  of  late  years,  and  from  an  old  map  made  before 
the  dredging  was  done,  the  old  area  of  cross-section  is  found  to  have 
only  1,080  square  feet. 

Considering  the  nature  of  the  bottom,  being  composed  mostly  of  quite 
coarse  sand,  and  the  present  mean  velocity  of  the  stream  being  but  a 
trifle  over  one-half  a  mile  per  hour  during  ebb  at  the  straight  portions 
of  the  river,  it  is  to  be  considered  that  the  gradual  filling  of  all  dredged 
straight  portions  of  the  river  will  continue  until  the  original  area  of 
cross-section  shall  have  been  restored.  It  seemed  evident,  then,  tliat  a 
general  contraction  of  the  stream  wiis  called  for  by  means  of  longitudinal 
dikes  and  i)erpendicidar  jetties,  in  order  to  maintain  a  greater  depth  of 
water  than  the  natural  width  of  the  river  and  the  ordinary  supply  of 
water  would  allow. 

A  depth  of  10  feet  at  ordinary  low  water  is  extremely  desirable  below 
the  city  of  Petersburg,  and  with  this  desired  depth  in  \iew,  it  was  found 
by  tlie  application  of  the  most  approved  formula  that  the  river  should 
not  have  a  greater  general  width  than  about  125  feet  along  the  straight 
reaches. 

With  this  conclusion  in  view  the  details  of  the  longitudinal  dike  and 
the  i)erpendicular  jetties  were  arranged,  although  in  the  case  of  the 
latter  they  were  extended  so  as  to  contract  the  stream  to  only  140  feet 
in  width.  This  for  the  reason  that  as  only  the  alternate  jetties  could  be 
fully  completed  for  want  of  funds,  the  river  was  left  at  this  width,  that 
a  study  of  the  effects  of  the  jetties  thus  extended  could  be  made.  If 
necessary,  as  will  probably  be  the  case,  the  extension  of  the  remaining 
jetties  will  be  greater,  so  as  to  contract  the  river  to  125  or  130  feet  in 
width. 

A  dredge  and  4  decked  scows  were  chartered,  and  on  the  26th  of 
July,  1877,  commenced  removing  loose  rock  and  coarse  sand  and  gravel 
overlying  the  solid  rock  to  be  blasted. 

The  dredge  was  afterward  chartered  from  time  to  time  as  needed,  to 
continue  this  process  and  to  remove  small  pieces  left  by  the  diver. 
The  rock-machinery  belonging  to  the  James  Eiver  improvement  was 
brought  over  for  use  here,  and  drilling  was  commenced  on  the  5th  of 
August. 

Drilling  and  blasting  were  continued  until  the  9th  of  November,  1877. 
during  which  i)eriod  421  cubic  yards  of  rock  were  removed  and  deposited 
on  the  neighboring  bank  to  be  afterward  used  as  riprapping. 

Meanwhile,  the  construction  of  the  longitudinal  dike  on  the  south 
shore  and  the  brush  jetties  at  Page's  Bar  was  going  on. 

The  dike  was  commenced  in  September,  1877.  and  completed  early  in 
January,  1878.  The  dike  is  sheet-piled,  is  812  reet  in  length,  and  serves 
the  purpose  of  turning  toward  the  main  channel  the  water  which  has 
heretofore  escaped  through  Stein's  Upper  Cut,  and  also  diverts  the  water 
of  Lieutenant's  Eun  so  as  to  discharge  behind  the  dike  instead  of  as; 
formerly  directly  into  the  channel. 

The  jetties  were  commenced  in  August,  1877,  and  work  was  continued! 
upon  them  until  the  13th  of  March,  1878,  when  all  work  was  suspended! 
for  want  of  funds.  During  this  period  2,249  linear  feet  of  stake  and. 
brush  work,  and  437  linear  feet  of  sheet-pile  work  had  been  completed.. 

The  above  aggregates  are  divided  up  among  13  perpendicular  jetties,, 
all  of  which  project  from  the  northern  shore  and  reduce  the  general 
width  of  the  river  along  Page's  Bar  to  about  140  feet. 

The  sheet-pile  work  is  all  located  at  the  outer  ends  of  these  jetties, 
for  the  protection  of  the  brush-work  nearer  the  shore.    Only  the  alter- 
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nate  brash  jettieB  are  thus  protected  by  sheet  piling.  All  operations 
except  occasional  soundings  have  remained  suspended  since  the  13th  of 
March  last.  -^ 

Mr.  H.  D.  Bird  has  continued  as  heretofore  the  resident  engineer  at 
Petersburg.    His  report  is  appended  hereto.  ^ 

An  appropriation  of  $30,000  was  made  by  the  act  of  June  18, 1878, 
for  the  fiscal  year  ending  June  30^  1879 ;  $83,000  were  required  to  com- 
plete the  project  which  was  in  existence  on  June  30, 1876 ;  $53,000  yet 
remain  to  be  provided  for. 

Money  statement 

July  1,  1877,  amonnt  available |15,571  09 

Amoant  appropriated  by  act  approyed  June  18,  1878 30, 000  00 

$45.57109 

July  1, 1878,  amount  expended  during  fiscal  year 15,565  90 

July  1,  1878,  amount  available 30,005  19 

Amount  (estimated)  required  for  completion  of  existing  project 53, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    30, 000  00 


REPORT  OF  MR.   H.  D.  BIRD,  ASSISTANT  ENOIKEER. 

Petersburg,  Va.,  May  31, 1878. 

Captain:  I  have  the  honor  to  report  to  you  the  progress  of  the  Appomattox  Biv«r 
improvement  for  the  last  fiscal  year. 

Owing  to  the  limited  means  at  our  disposal  the  amount  of  work  done  was  Ught  and 
of  a  desultory  character.  Still  it  was  oi  importance  toward  furthering  the  construc- 
tion of  the  improvement. 

We  began  tne  year  by  oompletinff  an  embankment  we  had  been  at  work  on  at  the 
close  of  the  last  year  to  secure  Pu&ledook  Cut  from  damage  by  freshets.  This  em- 
bankment is  6,428  feet  long.  8  feet  wide  on  top,  and  5  feet  am>ve  high  water. 

It  is  interestiuff  to  remina  you  that  the  dredgingof  this  cut  was  completed  in  Au- 
gust, 1876)  and  ^e  south  channel  below  in  June.  1873,  nearly  4  miles  of  the  6  miles  of 
river  that  needed  improvement.  Since  those  dates  there^have  only  been  taken  out 
15,344  yards  in  all  to  maintain  the  depth  of  channels,  to  which  they  had  been  dredged. 
This  amount  of  repairs  is  comparatively  light,  and  I  think  it  shows  conclusivelyihat 
when  the  improvement  is  completed  and  tne  banks  secured  according  to  the  plan  of 
the  engineer  in  charge,  the  cost  of  repairs  will  be  lighter. 

In  July  last  we  commenced  with  the  dredge  uncovering  a  ledge  of  rock  in  the  river 
Just  below  Petersburg,  for  the  purpose  of  widening  the  ehaimel  through  it.  We  blasted 
out  and  landed  481  cubic  yards  of  granite  aad  made  the  channel  1(W  feet  wide  and  10 
to  12  feet  below  low-water. 

During  the  progress  of  this  work  we  oomaenoed  about  sue-half  mile  down  t^ 
river,  and  nearly  completed  a  number  of  tranaverse  jetties  made  with  posts  and  a  wat- 
tling of  poles  to  coutnict  the  channel. 

Their  united  length  is  2,249  feet,  and  they  extend  a  distance  of  3,000  feet  down  the 
river.  As  these  Jetties  reached  deep  water  we  continued  their  extension  with  sheet 
piling  far  enough  out  to  obtain  the  necessary  contraction  of  chann^;  and  up  to  ^e 
time  the  funds  were  exhausted  we  had  constructed  437^  feet  of  this  piling;  we  also 
built  a  longitudinal  line  of  the  same  kind  of  piling  812  &et  long  to  guide  the  current 
round  a  bend  of  the  river,  where  the  shore  was  too  low  for  the  purpose.  As  the  water 
yvoB  occasionally  too  high  to  work  all  day  on  the  piling,  the  hands  were  usefully  em- 
ployed breaking  the  rock  got  out  into  riprap ;  and  particularly  in  digging  and  securing 
a  new  outlet  for  Lieutenant's  Run.  This  stream,  which  in  fr^hets  used  to  bringdown 
and  empty  large  quantities  of  sand  in  the  harbor,  is  now  carried  behind  the  longitudi- 
nal piling  and  deposits  the  sand  on  the  fiats  below,  while  the  water  runs  into  the 
river  in  a  line  parallel  to  the  current. 

>n  the  work  of  this  year  was  done  by  hired  labor,  except  the  driving  of  piles,  which 
waa  let  to  contract.  The  blasting  of  rocks  was  done  with  machinery  belonging  to  the 
government.  They  were  workedby  skilled  men  hired  for  the  purpose.  The  superin- 
tendent who  managed  them  also  manufactured  the  nitro-glycerine  used  in  blasting. 
The  other  portions  of  the  work,  including  the  carpenters'  work  of  pilinff,  were  put  up 
by  ordinary  laborers,  under  the  management  of  the  inspector  oi  cUedging.    1  hare 
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appended  to  this  report  a  statement  of  the  cost  of  each  pieoe  of  work  that  could  he 
averaged  to  show  tnat  it  was  economically  done,  and  I  can  vouch  that  it  was  well 
done. 

Respectfully,  your  obedient  servant, 

H.  D.  Bird, 
Asiistant  BnffUteer. 
Capt.  C.  B.  PHILUP8, 

Corps  ofEngineerSj  United  States  Army, 


STATEMENT  OF  THE  COST  OF  THE  DIFFERENT  PIECES  OF    WORK  DONE  THIS  YEAR  IX 
WHICH  THE  AVERAGE  COST  PER  YARD  OR  FOOT  COULD  BE  ASCERTAINED. 

Blasting,  hoisting,  and  landing  421  yards  of  rock: 

Wages  of  men J2,997  16 

Materials  used,  repairs,  &c • 563  93 

Average  per  yard  is  18.50 3,581  09 

This  does  not  include  the  cost  of  uncovering  rock  or  machinery  used. 

Building  2,249  feet  of  Jetties,  posts,  wattling-poles,  and  labor: 

Labor 1607  80 

Materials,  &c 501  86 

Average  cost  per  foot,  49  cents 1,109  66 

Extension  of  jetty  piling,  437|  feet: 

Labor  and  hire  of  scows |180  30 

Materials 936  41 

Driving  437^  feet  piles 437  50 

Average  cost  per  foot,  |3. 57 1,554  21 

Longitudinal  piling,  812  feet  long: 

Labor $394  30 

Materials,  &c 1,300  09 

Driving  piles 812  00 

Average  cost,  13.08  per  foot 2,506  39 

Breaking  180  yards  of  rock  into  riprap: 

Labor |81  72 

Tools  (loss  value  on  hand) 3  15 

Average  cost  per  yard,  47  cents 84  87 

Note. — ^There  is  a  considerable  discrepancy  between  the  average  cost  per  foot  of 
longitudinal  piling  (|3.08  per  foot)  and  ietty  piling  (^.57).  Tne  diffei^nce  was 
mainly  caused  by  the  difference  in  the  quality  or  sheet  piling  used.  Common  lumber 
was  used  in  the  longitudinal  piling,  and  the  best  heart  pine  in  the  Jetty  piling,  as  a 
more  durable  timber  was  needed  there. 


COMMERCIAL  STATISTICS. 

Petersburg,  Va.,  September  19,  1878. 

Dear  Sir:  As  an  appendix  to  my  report  of  the  work  done  on  this  improvement  dur- 
ing the  last  fiscal  year,  I  desire  to  rexK)rt  to  you  the  following  information  in  regard  to 
the  business  of  this  city. 

The  collector  of  internal  revenue  for  this  district  reports  that  he  collected  during 
the  last  year  f  1,136,621.05. 

The  collector  of  the  port  reports: 

The  number  of  vessels  that  entered  coastwise 430 

The  number  that  cleared 340 

The  number  of  foreign  vessels  that  entered  and  cleared 4 
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In  oonneotion  with  the  port  collector's  report,  I  desire  to  say  that  his  statement  of 
the  small  number  of  vessels  that  resort  to  oar  river  is  no  criterion  of  the  commerce  tha.t 
will  seek  our  port  when  our  improvement  shall  have  been  completed.  City  Point  (the 
port  of  Petersburg  before  the  war)  was  the  point  of  shipment  of  all  the  coastwise  trade 
that  passed  through  the  citv ;  and  the  city  authorities  were  then  engaged  in  imjnoving  the 
navigation  of  the  river  to  brin^  large  vessels  up  to  the  wharves.  But  during  the  war 
the  nver  was  dammed  up  and  it  reverted  to  its  former  shallow  state. 

The  completion  of  the  improvement  will  remedy  this  evil ;  and  if  the  same  depth 
of  navigation  be  given  Petersburg  as  is  contemplated  to  be  obtained  in  Richmond,  it 
will  maKe  our  port  fully  equal  to  that ;  and  as  its  connections  with  the  interior  are 
more  extensive  than  that  of  Richmond,  with  the  further  advantage  that  it  is  nearei* 
the  sea,  there  is  no  good  reason  that  its  commerce  should  not  increase  by  giving  it 
equal  facilities. 

But  the  large  amount  of  internal  revenue  paid  is  a  better  indication  of  the  import- 
ance of  the  business  of  Petersburg ;  and  not  only  that,  but  it  forms  a  direct  claim 
upon  Congress  for  its  most  liber^  consideration  of  the  wants  of  our  improvement, 
which  it  is  believed  no  other  city  of  equal  size  in  the  Union  can  oflfer. 
Respectfully,  your  obedient  servant, 

H.  D.  Bird, 
A89i»tant  Engineer. 

Col.  WM.    p.   CBA.IOHILL, 

Major  of  Engineers,  U,  S.  A, 


F  6. 
IMPROVEMENT  OF  THE  GREAT  KANAWHA  RIVER,  WEST  VIRGINIA. 

The  sites  for  a  new  lock  and  dam,  to  be  designated  as  No*  3  of  the 
Kanawha  series,  were  acquired  during  the  autumn  of  1877.  The  lock 
is  to  be  located  ui>on  the  right  bank,  at  the  foot  of  Paint  Greek  Shoal, 
and  is  designed,  in  conjunction  with  the  two  locks  below,  to  furnish 
navigation  throughout  the  year  from  Gannelton  to  the  Charleston  Pool. 
The  work  at  lock  l^o.  3  is  being  carried  on  by  hired  labor,  and  the  pup- 
chase  of  material  in  oi)en  market. 

Work  was  commenced  in  February  last,  and  at  the  date  of  this 
report  quarries  have  been  opened,  tramways  to  the  site  graded,  and 
about  i  of  the  coffer-dam  placed  in  position. 

At  lock  Ko.  4,  near  Cabin  Creek  Shoal,- Mr.  0.  McCafferty  has  con- 
tinued work  for  construction  of  same  under  contract  dated  October  15, 
1875.  The  financial  diflBculties  of  the  contractor  caused  the  work  to 
progress  but  slowly  during  the  fall  of  1877.  ^ 

Obtaining  assistance  in  February  last  his  work  has  since  progressed 
more  favorably,  and  at  this  time  the  prospect  is  that  his  work  will  be 
carried  successfully  to  completion  by  the  first  of  September  next. 

At  dam  l^o.  4  Messrs.  Freeman,  Eichardson  &  Fraser  have  utterly 
failed  to  carry  out  their  contract  dated  May  1, 1877,  for  the  construction 
of  a  dam  abutment,  pier,  and  floor  of  a  navigation  pass  adjoining  lock 
2fo.  4.  In  November,  1877,  this  firm  had  nearly  completed  the  abut- 
ment, and  had  commenced  placing  coffer-dam  for  the  pass,  but  they  be- 
came financially  embarrassed  and  discouraged  by  frequent  freshets,  and 
finally  abandoned  their  work  on  the  19th  of  December,  1877.  Their 
contract  was  annulled  on  the  31st  of  January  last,  and  the  work  has 
since  been  carried  on  by  hired  labor,  and  the  purchase  of  material  in 
open  market.  At  this  date  much  of  the  necessary  machinery  has  been 
purchased  by  the  United  States ;  rights  of  way  and  buildings  have  been 
secured';  a  large  quantity  of  stone  has  been  cut;  and  dredging  at  site- 
of  coffer-dam  at  pass  has  been  commenced.  A  contract  was  made  .Feb' 
ruary  4, 1878,  with  Messrs.  Eamsay  &  Latrobe  for  the  iron  work  of  the 
pass  and  weir  of  dam  Ko.  4. 
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At  lock  No.  5,  near  Brownstown,  Messrs.  D.  M.  &  0.  P.  l>ull  have 
continued  construction  of  same,  under  contract  dated  August  20, 1875, 
Oooasioiial  strikes  of  the  contractor's  laborers  have  delayed  the  work 
somewhat,  but  it  has  on  the  whole  progressed  favorably,  and  the  indi- 
cations are  that  it  will  be  enlarely  completed  by  1st  of  September  next. 

A  contract  was  made  May  7, 1878,  with  the  Edge  Moor  Iroi^  Company 
for  the  construction  of  iron  gates  for  lock  No.  5. 

At  dam  No.  5,  Mr.  J.  H.  Shultz  has  continued  work  for  construction 
of  dam-abutment,  piei^  and  floor  of  na\igation-pass  adjoining  lock  No.  5, 
under  contract  dated  March  28, 1876. 

The  masonry  of  the  abutment  had  all  been  laid  at  the  date  of  the  last 
annual  report. 

The  pier  was  completed,  and  dredging  for  coffer-dam  of  pass  com- 
menced, in  September,  187t. 

The  woik  of  placing  coffer-dam  of  pass  has  progressed  but  slowly^ 
owing  to  freshets  during  October  and  November,  1877,  and  financial  dif- 
ficulties  of  the  contractor  in  the  spring  of  1878.  At  the  date  of  this 
rex)ort,  the  raising  and  embanking  of  the  coffer-dam  is  still  in  progress. 

l^e  iron- work  of  the  pass  and  weir  (contract  of  Mr.  W.  M.  Archer, 
dated  May  23, 1877)  has  all  been  delivered  at  the  site. 

Limited  operations  of  a  temporary  character  at  points  not  affected 
by  the  permanent  works  have  been  carried  on  during  the  year.  During 
September,  1877,  a  crane-boat  was  engaged  in  removing  bowlders  at  that 
portion  of  the  river  between  Knob  Shoal  and  Emory's  Dam,  a  distance 
ci  about  6  miles.  The  freshet  of  November  24^27  caused  a  break  about 
75  feet  in  length  in  ^^  Two-mile  Dua." 

Steps  were  at  onoe  taken  to  vepair  damages  by  filling  in  with  stona 
quarried  and  placed  by  hired  labor.  TMs  work,  which  was  suspeodea 
during  the  winter  mouths,  was  resumed  last  spiniD^  and  at  the  date  of 
this  report  is  nearly  completed. 

A  survey  of  the  Kanawha  Biver,  below  Charleston,  as  well  as  surveys 
of  portions  of  Coal  and  PocataUco  Bivers  wave  made  duzing  tilie  year, 
with  a  view  to  establishing  the  prefer  kicationa  of  locks  at  the  lower  por^ 
tion  of  the  river. 

The  state  oi  the  river  has  been  mmdx  more  favorable  for  suocesaftd 
operations  during  the  fiscal  yeai:  just  ended  than  doriiig  the  previoas 
year. 

The  working  season  of  1877  was  until  October  unusualliy  fav<»rabla 

During  the  month  of  June  last  labor  tcoublea  seriously  interfered  with 
operations  at  all  the  works  on  the  river. 

These  troubles  originated  at  lock  No.  5,  where  the  contraetor's  labor- 
ers struck  for  higher  wages.  The  strikers  sent  comnuttees  to  the  other 
works  on  the  2&th  of  June,  and  indnosd  many  of  the  oontractor^s  labors 
ers  to  join  th^ft,  Ihe  government  workmen  refiising  so  to  do.  On  the 
23A  a  mob  organized  at  Brownstown  and,  proceeding  up  tha  river,  caused, 
by  threats,  all  laborers  and  medianics  to  cease  work. 

Government  workmen  resumed  work  on  the  28th  of  June,  but  the 
strike  at  lock  and  dam  No.  5  still  continues  at  this  date. 

The  details  of  the  operations  of  the  fiscal  year  are  fully  set  forth  in 
t^e  aeoompanying  report  of  lieut  Thomas  Turtle,  Gcnrps  of  Engjisieecs, 
who  has  remained  the  resideat  engineer  in  immediate  supervision  of  the 
w<Nrk. 

Mr.  W.  B.  Button  has  continued  during  the  year,  by  constairt  confer- 
ence, aid,  and  advice,  to  give  the  work  the  benefit  <u  his  extensive  pro- 
fessional knowledge  and  experienoe. 

Mr.  A.  M.  Scott  has  also  been  constantiy  and  efficientiy  engaged  upon 
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the  permanent  works,  as  well  as  upon  special  surveys  and  examinations 
which  have  been  and  will  from  time  to  time  become  necessary. 

The  appropriations  have  been :  March  3^  1873,  $25,000 ;  June  23, 1874, 
$25,000.  Expended  in  temporary  improvement,  March  3^1875,  $300,000 ; 
August  14,  1876,  «>270,00O;  June  18, 1878,  $222,000.  The  total  of  the 
estimate  for  the  permanent  improvement  was  $4,153,000,  but  it  is  be- 
lieved the  work  can  be  done  for  considerably  less,  as  the  estimate  was 
full,  and  the  contracts  tlius  far  have  underrun  the  estimates. 

Money  statement 

July  1,  1877,  amount  available $447,584  64 

Amount  appropriated  by  act  approyed  June  18, 1878 222, 000  00 

— — ^— — ^—    f669, 584  64 

July  1,  1878,  amount  expended  during  fiscal  year 189, 760  70 

July  1,  1878,  outstanding UabiUtleB 19,803  43 

209,504  20 

July  1,  1878,  amount  available  ^ 460,080  44 

Amount  (estimated)  required  fbr  completion  of  existing  project 3, 360, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  encUng  Jime  30, 1880 .      500, 000  00 


Pt<fp99alB  far  Won^work  of  dam  No.  4,  Great  Kmiawha  Biver,  opened  at  12.5  p,  m.,  Febru- 
ary 1,  1878. 


No. 


Kame. 


Besidence. 


Price. 


S.  Wilson  Muny 

W.  BoUman 

Wilooz,  Shinkle  &.  Miner 

Edge  Moor  Iron  Company 

Lane  &  Bodley  Company 

W.  M.  Archer 

W.  D.  Haven 

Bamsay  &Latn>be 

Panlding;  Kemble  Si  Company 

Poole  &  £[nnt 

Reading  Iron  Works 


Milton,  Pa $14,476  00 

Baltimore,  Md 23,872  00 

Pittsburgh,  Fa 18,200  00 

Bdge  Moor,  Del 22,168  00 

Cincinnati,  Ohio 21,000  00 

Richmond, Ya lfi,8U40 

KewTork 21,750  00 

Baltimore,  Md 12,90500 

ColdSpriniLlir.Y 28,360  00 

Baltimore.  Md 22,100  00 

Beading,  Fa 21,87100 


Contractor,  Bamsay  &,  Latxobe,  at  $12,906. 

Aheiract  of  propoeals  for  iron  gates  for  look  No.  5,  Chreat  Kanawha  River,  opened  immedU 
atehf  afUfr  wttm^  April  24,  1878. 


Ko. 


Kame. 


Address. 


Price. 


Carroll  &  Company 

W.  Bollman 

J.  B.  Anderson 

Biter  &Conley 

Edge  Moor  Iron  Company s 

William  M.  Archer 

Bamsay  A,  Lat  robe 

Beading  Iron  Works 


Pittsburgh,  Pa $24,682  00 

Baltimore,  Md 21.482  00 

Bichmond,ya 13,600  00 

Pitt«bargh,  Pa 15,000  00 

Wilmin^n,  Del 10,000  00 

Bichmond,ya 10,4^04 

Baltimore.  Md 18,485  00 

Philadelphia,  Pa 18,043  82 


Contractor,  Sdge  Moor  Iron  Company,  at  $10,000. 


keport  of  lieutenant  thomas  turtle,  c0bp8  of  engineers. 

Charleston,  Kanawha  County,  W.  Va., 

June  19, 1878. 

Captain  :  I  have  the  honor  to  submit  the  following  annual  report  of  progresB  in  the 
Improvement  of  the  Great  Kanawha  Biver  for  the  year  ending  June  30, 1978 : 

Mr..  A.  M.  8cott  is  principal  assistant  engineer,  and  is  superintending  the  oonstrao 
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tion  of  locks  and  dams  Nos.  4  and  5.  He  is  assisted  by  Mr.  McDermott,  assistant  en- 
gineer,  in  making  estimates  and  drawings,  and  in  giving  lines  and  levels  in  oonstnio- 
tion. 

Mr.  E.  H.  Kirlin  is  inspector  at  No.  4,  and  Mr.  J.  H.  Minnick  is  inspector  at  No.  5. 

Mr.  H.  A.  BaUlie,  assistant  engineer,  is  saperintending  the  construction  of  lock  No. 
3j  and  has  under  him  Mr.  Charles  HuniphreySy  assistant  engineer,  whose  duties  are 
similar  to  those  of  Mr.  McDermott,  as  above. 

Mr.  John  8.  Ho^ue  had  charge  of  the  surveying  parties  in  the  field  last  year,  and 
is  employed  mapping  the  river  as  surveyed,  and  in  preparing  such  drawings  as  may 
be  required. 

Lock  No.  3. 

The  site  for  this  lock  and  dam  was  obtained  in  the  autumn  of  1877.  Three  tracts 
are  included,  two  of  which  were  obtained  by  condemnation  and  one  by  purchase.  The 
latter  belonged  to  Mr.  J.  6.  W.  Tompkins,  and  the  two  former  to  Mr.  Justin  Rideout 
and  to  the  Chesapeake  and  Ohio  Railroad  respectively. 

The  lock  is  located  upon  the  ri^ht  bank,  at  the  foot  of  Paint  Creek  Shoal,  and  with 
some  dredging  above  will  furnish  with  the  locks  below  a  continuous  navigation 
throughout  the  year  from  Cannelton  to  the  Charleston  Pool. 

This  work  is  to  be  carried  on  by  hired  labor  and  the  purchase  of  material.  The  pre- 
liminaries began  in  February,  by  the  purchase  of  crib-logs  for  the  coffer-dam  and  an 
examination  for  quarries.  Tne  opening  of  quarries  began  in  March,  and  we  now  have 
a  most  promising  chance  for  obtaining  ail  the  stone  necessary  lor  lock  and  dam. 
rouehly  estimated  at  30,000  cubic  yards.  The  necessary  fencing  has  been  made,  and 
buimings  provided;  a  road  and  tramways  have  been  opened  and  graded,  and  a  portion 
of  the  necessary  machinery,  flats,  derricks,  and  tools  have  been  obtained. 

Dredging  for  the  lock-site  began  in  March,  and  was  suspended  by  hi^h  water  on 
April  26.  To  that  time  nearly  6,000  cubic  yards  were  removed.  Dredging  was  re- 
sumed on  May  23.  The  placing  of  the  coffer-dam  began  on  June  10,  and  at  close  of 
this  report  is  in  progress  (June  15,  1878). 

Lock  No.  4. 

The  progress  made  in  the  construction  of  this  work  at  the  close  of  the  last  annual 
report  may  be  seen  by  reference  to  Appendix  E  of  the  Annual  Report  of  the  Chief  of 
Engineers  for  1877  (page  »J0,  Part  I). 

At  that  time  (June  16,  1877'J  the  coffer-dam  was  pumped  out  and  construction  was  in 
full  operation.  The  season  or  1877  was  a  most  excellent  one  for  the  prosecution  of  the 
work,  there  being  no  interruption  by  high  water  till  November  10,  except  from  October 
5  to  October  9.  Unfortunately  the  narties  engaged  in  the  construction  became  embar- 
rassed financially,  which  crippled  them  very  much  throughout  the  latter  part  of  the 
season.  The  first  indication  of  the  difficulties  appeared  in  July,  and  matters  became 
worse  from  month  to  month,  till  finally  the  machinery,  tools,  material,  and  property  of 
all  kinds  belonging  to  these  parties  were  levied  upon  by  the  sheriff,  November  12. 

This  practically  ended  work  for  the  season.  On  DcK^ember  12  operations  were  re- 
sumed with  a  small  force,  wliich  was  employed  irregularly  atid  at  intervals  till  Febru- 
ary 25,  wheu  the  contractor  obtained  assistance  to  carry  on  the  work.  Since  that  date 
the  work  has  progressed  favorably,  and  with  ^ood  security  that  it  will  be  carried  suc- 
cessfully to  completion.  At  the  date  of  writing  (June  10,  1878)  the  masonrj^  is  com- 
plete to  the  copins,  and  most  of  this  is  laid ;  the  paving  inside  land-wall  and  between 
the  ^ngs  is  nearly  all  in  place,  and  the  slope- wall  protection  of  the  bank  is  in  pro- 
gress. To  complete  the  contract  the  following  work  is  yet  to  be  performed,  viz, 
placing  cribs  at  head  and  tail  of  walls,  paving  back  of  cribs  and  that  remaining  be- 
tween wings,  some  filling  and  trading  of  the  bank,  and  the  completion  of  the  uope- 
wall  protection.    The  whole  will  be  completed  probably  before  September  1. 

Dam  No.  4. 

When  the  last  annual  report  was  rendered  the  excavation  for  the  abutment  had  be- 
gun, and  the  timber  for  the  first  section  of  coffer-dam  was  in  preparation. 

The  space  for  the  abutment  was  inclosed  on  the  river  side  by  siieet  planking,  on  the 
inside  and  outside  of  which  material  from  the  excavation  was  embanked.  This  was 
the  onl  jr  dam  necessary  to  permit  the  inclosed  space  to  be  pumped  out  and  the  masonry 
to  be  laid  therein.  The  delivery  of  stone  frt)m  ouarry  to  site  began  on  June  28.  and 
the  laying  of  masonry  in  foundation  commenced  on  August  23.  The  abutment  was 
built  ready  to  receive  the  coping  on  November  7.  A  rise  in  the  river  on  November  12 
^washed  away  a  great  part  of  the  filling  within  and  behind  the  abutment.  A  portion 
of  this  was  restored  to  prevent  further  cutting  round  the  abutment  by  tihe  river. 
'   In  the  preparation  or  concrete  stone  for  the  foundation  of  the  pass,  obe  of  Blake'a 
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stone-cmsherB  (old  pattern)  was  oaed.  In  the  qnarrv  opened  there  was  a  8tratam>>f 
very  hard  dark-colored  stone,  which  crashed  very  well. 

It  was  expected  to  complete  the  pass  and  weir  with  3  coffer-dams,  the  first  to  include 
the  pier  ana  120  mnning  feet  of  the  pass,  the  second  to  include  the  remainder  of  the 
pass  (128  feet),  and  the  third  to  include  the  entire  weir.  Drawings  to  illustrate  the 
construction  of  the  coffer  proposed  to  be  used  by  the  contractors  are  submitted  here- 
with. 

Induced  by  the  success  attending  the  construction  of  the  abutment  of  dam  No.  5, 
where  the  water  was  kept  out  of  the  excavation  by  a  simple  embankment  of  the 
excavated  material,  the  experiment  was  made  of  placing  the  coffer  for  this  first  section 
immediately  upon  the  bottom  of  the  river.  The  average  depth  of  material  overlying 
the  rock  within  the  area  inclosed  was,  according  to  borings,  made  about  1  fo  feet. 
Should  experience  show  that  the  coffer  could  not  be  made  sufficiently  tight,  a  trench 
could  be  dredged  outside  the  banking,  then  by  filling  this  trench  with  proper  material 
leaking  could  oe  prevented.  Though  the  character  of  the  fiUing  and  the  (]^uantity  and 
kind- of  embankment  placed  on  the  outside  permitted  no  sufficient  test  in  the  short 
time  from  the  commencement  of  pumping  to  the  breaking  of  the  coffer  by  the  rise  of 
November  10,  the  experience  was  not  such  as  to  justify  a  repetition  of  the  experiment 
in  the  future. 

The  delivery  of  the  crib-timber  for  the  coffer-dam  commenced  on  June  22,  the  form- 
ing of  the  cribs  began  on  July  16  and  the  placing  of  them  on  July  21.  The  placing  of 
the  coffer  proper  began  on  August  22,  and  the  planking  was  completed  on  Septem- 
ber 27. 

On  October  6  the  river  rose  to  10.25  feet  above  low-water,  and  the  coffer  broke  on 
the  end  next  the  lock  and  at  the  up-stream  comer  on  the  other  end.  Repairs  began 
at  once,  and  pumping  commenced  on  October  29.  Repairs  to  pump,  leaks,  rains,  and 
high-water  interfered  with  this  operation,  and  on  November  10  the  lower  side  of  coffer 
was  washed  out,  taking  the  pump  with  it,  the  gauge  reading  16.5  feet  above  low-water. 
Repairs  again  commenced,  but  a  flood  on  November  24  and  25  suspended  these  repairs, 
and  caused  still  further  damage. 

At  this  time  the  contractors  gave  out  for  the  want  of  funds,  and  abandoned  the 
work  on  December  19,  their  effects  having  been  seized  on  the  previous  day.  By  the 
terms  of  the  contract  the  coffer-dam  became  the  property  of  the  United  states,  and 
men  were  employed  to  remove  and  store  such  portions  of  the  planking  timber  and 
rods  as  were  in  danger  of  lose. 

It  being  evident  from  circumstances  that  the  contractors  had  no  intention  to  prose- 
cute the  works  further,  their  contract  was  annulled  on  January  31,  and  authority  was 
received  to  carry  the  works  to  completion  by  hired  labor  and  tne  purchase  of  material 
in  open  market.  Steps  were  taken  accordingly,  and  derricks,  flats,  engines,  d&c,  have 
been  procured.  The  territory  leased  by  Freeman  &.  Co.  for  8tone-yar£,  the  rights  of 
way  obtained  by  them  for  the  branch  track  to  the  Chesapeake  and  Ohio  Railroad,  and 
most  of  the  buildings  constructed  bv  them  for  their  operations,  have  been  rented. 
Nearly  2,000  cubic  yards  of  stone,  including  that  for  concrete,  is  now  prepared  on  the 
site. 

The  removal  of  the  wrecked  coffer  has  been  commenced.  The  coffer-dam  for  the 
lock  is  now  of  no  frirtlier  use,  and  the  new  coffer  for  the  pass  is  to  inclose  the  space 
next  the  lock.  It  is  hoped  that  this  first  section  wiU  include  at  least  200  feet  of  the 
pass.  Arrangements  have  been  made  for  the  material  of  this  coffer,  and  the  framing 
thereof  is  commenced. 

A  dredge  is  now  upon  the  site,  about  to  commence  excavating  for  this  first  section. 
Operations  bein^  carried  on  simultaneously  at  three  locks  and  two  dams,  at  all  of 
which  dredging  is  necessary,  the  matter  of  dredges  was  a  pressing  one,  the  dredges 
heretofore  available  being  only  two  in  number.  The  matter  was  further  complicated 
by  the  fact  that  if  they  were  caught  by  the  low- water  season  at  the  downstream  works 
it  might  be  impossible  to  transfer  them  to  the  other  works  till  late  in  the  season,  and 
from  the  circumstances  of  the  case  the  downstream  works  should  suffer  no  interruption 
nor  be  delayed.  By  a  fortunate  suggestion  of  Mr.  Scott,  arrangements  have  been  made 
with  the  Coal  River  Navigation  Company  by  which  we  obtain  the  use  of  their  dredge, 
supplying  them  with  a  hoisting-engine  for  the  time,  for  which  purpose  only  did  they 
have  use  for  their  machinery.    This  is  the  dredge  now  in  use  at  dam  No.  4. 

Lock  No.  5. 

The  progress  made  in  the  construction  of  this  lock  at  the  close  of  the  last  annual 
report  may  be  seen  by  referring  to  Appendix  F  of  the  Report  of  the  Chief  of  Engineers 
for  1877  (Part  I,  p.  302).  On  tiiat  date  (June  16,  1877)  the  coffer-dam  was  tilled  by  a 
rise.  Pumping  was  resumed  next  day.  The  coifer  was  again  filled  by  a  rise  on  June 
30.  Pumping  was  resumed  on  the  21st  and  masonry  on  the  23d.  From  that  time  till 
October  5  the  work  was  uninterrupted  by  high  water,  except  for  but  a  couple  of  days. 

On  September  15  the  construction  was  so  iar  advanced  that  the  coffer  was  no  longer 
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H^beaeiuy,  odd  water  was  let  in.  On  Sept^nber  19  a  dredge  was  pnt  to  work  ren&oY- 
ing  the  lower  end  of  the  coffer  to  admit  a  flat-boat  with  a  hoisting-enfidne  and  derrick, 
W&ch  was  he&ceforth  nsed  to  lay  masonry  and  discharge  stone  m>m  flats.  ^ 

The  flood  of  November  24  arrested  the  setting  of  stone  till  December  5.  From  this 
time  throughout  the  winter  a  decreased  force  was  employed  whenever  the  weather 
permitted,  and,  as  the  winter  was  generally  an  open  one,  but  little  interruption  was 
caused,  except  for  about  a  week  in  January.  Masonry  was  carried  forward  whenever 
the  temperature  pennitted. 

The  season  of  1878  opened  early  in  March,  and  the  work  has  progressed  favorably 
since  that  time.  At  the  writing  of  this  report  (June  14,  1878)  the  masonry  of  the  lock 
is  complete,  except  replacing  a  couple  of  coping-stones  broken  in  doweling.  The  crib 
at  the  nead  of  land-wall  is  m  place,  dred^n^  tar  the  crib  at  the  tail  of  the  land-waU 
is  complete,  and  the  finaming  of  this  crib  is  m  progress;  the  ]^aving  back  of  the  land- 
wall  and  between  the  wings  and  most  of  the  slope-wall  is  laid :  a  portion  of  the  rip- 
rapping  for  slope  of  bank  is  placed,  and  the  removal  of  the  coffer-dam  is  in  progress. 
Toe  work  under  this  contract  will  probably  be  oomj^eted  by  September  1.  The  cou- 
stiruction  for  the  iron  gates  for  this  lock  is  now  under  contract. 

Dam  No.  5. 

When  the  last  annual  report  was  rendered  the  masonry  of  the  abutment  was  all  laid, 
the  filling  and  grading  of  the  bank  was  in  progress,  the  placing  of  the  crib  below  the 
abutment  was  going  on,  and  pumping  in  the  coffer-dam  lor  the  pier  was  suspended  by 
high  wat-er. 

The  filling  and  grading  of  the  bank  with  the  slope  wall  and  riprap  protection  there- 
for, and  the  paving  on  abutment  and  back  of  crib  are  now  practically  complete. 

It  was  found,  when  placing  the  crib  below  the  abutment,  thai,  in  the  time  interven- 
ing between  the  dredging  and  settling  the  crib  to  place,  a  quantity  of  material,  mostly 
sand,  had  slipped  out  of  the  bank,  partially  filling  the  excavation.  The  crib  at  this 
time  was  partially  filled  with  stone.  When  the  dredging  was  done  a  portion  of  the 
material  was  thrown  on  the  outside,  forming  an  embankment.  This  embankment  was 
extended,  inclosing  the  excavation,  which  was  then  pumped  out.  The  stone  filling  was 
then  taken  out,  and  the  sand,  being  removed  from  underneath  the  crib,  permitted  it 
to  settle  to  rock. 

In  the  autumn  of  1877  a  portion  of  the  riprap  protection,  up  stream  from  the  abut- 
ment, was  placed  upon  embanked  material.  Although  this  riprap  was  placed  with 
care,  the  earth  underneath  was  washed  out  to  a  considerable  extent,  and  the  ripiap 
settled  so  that  the  work  had  to  be  gone  over  again.  To  prevent  this  m  future  the  rip- 
rap placed  this  season  has  had  a  layer  of  shells  and  broken  stone,  6  inches  in  thick- 
ness, placed  underneath.  In  putting  any  more  work  out  at  contract  it  is  recommended 
that  this  be  provided  for  in  the  specifications. 

The  work  of  embanking  around  cofler  for  the  pier  was  carried  on  i¥om  the  time  of  the 
last  annual  report.  On  Julv  3  pumping  was  resumed.  Leaks,  repairs  to  coffer,  break- 
ages to  pump,  d&c.,  hindered  this  operation,  and  it  was  only  on  July  28  that  the  laying 
of  masonry  m  the  foundation  of  the  pier  commenced.  The  pier  was  completed  in  Sep- 
tember except  that  two  coping-stones  were  left  without  mortar,  to  await  the  placing  of 
the  landing  of  the  trestle-bridge  for  the  weir,  and  that  the  landing  for  the  trestle- 
bridge  for  the  pass  is  not  yet  placed. 

Dredging  for  the  pass  began  on  September  19,  and  the  placing  of  the  coffer-dam  com- 
menced on  September  26.  This  work  was  suspended  by  the  rise  of  October  6.  It  was 
resumed  on  October  15,  and  carried  on  till  the  rise  of  November  10  suspended  opera- 
tions for  the  season.  The  preparation  of  material  for  the  resumption  of  work  on  this 
coffer  began  late  in  March,  and  on  June  4  men  were  again  put  to  work  upon  it,  rais- 
ing it  and  embanking  around  it.  At  the  close  of  this  report  (June  15)  this  work  is  Ui 
progress. 

'Ae  iron- work  for  the  movable  pass  and  weir,  contracted  for  with  Mr.  W.  M.  Areber, 
of  Richmond,  Va.,  is  delivered  complete.  A  portion  of  the  timber  for  the  wickets  ia 
stored  at  the  site,  and  arrangements  have  been  made  for  the  balance. 

TEHPORAKY  IBfPROVEMENT. 

The  crane-boat,  with  a  crow  of  men,  was  set  at  work  early  in  September  removing 
bowlders  ff-om  the  shallows  in  the  lower  part  of  the  river.  Oi)erations  began  at  the 
head  of  Knob  Shoal  and  had  progressed  as  far  as  Emory's  Dam,  about  6  miles  below, 
when  a  slight  rise  on  the  15th  suspended  work.  Rains  upon  the  headwaters  had  made 
the  river  so  muddy  that  obstructions  could  not  bo  seen.  The  water  receding  and  b»> 
coming  clear  an  att<)mpt  was  made  early  in  October  to  resume,  but  the  rise  c?  October 
5  suspended  this  work  for  the  season.  In  the  ])ortion  of  the  river  gone  over  the  work 
performed  is  of  material  benefit  to  the  low- water  navigation  and  to  the  ''dose  towing 
stages''  of  the  river. 
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111  the  flood  of  November  34-27  a  break  occnrred  in  Two-Mile  Dam  near  the  bank, 
and  about  75  feet  in  length,  which  endangered  the  whole  dam,  and  the  bank  began  to 
wash  pretty  badly.  Bteps  were  at  once  taken  to  repair  the  break  by  filling  in  with 
stone  which  were  quarried  and  placed  by  hired  labor.  This  work  was  interrnpted  by 
high  water  when  nearly  completed,  and,  winter  setting  in,  had  to  be  put  off  till  the 
ensuing  season.  At  this  writing  the  repairs  are  resumed,  and  a  few  days'  work  will 
complete  them. 

STATISTICS. 

The  following  table  is  presented  as  an  addition  to  the  commercial  statistics  of  the 
Kanawha  coal-field.  This  statement  was  compiled  by  Mr.  N.  Fitzhugh,  a  citizen  of 
this  place,  and  appeared  in  the  Courier  newspaper  for  March  5,  1878.  That  shipped 
by  rail  includes  that  from  the  New  River  mines.  The  data  for  rail  shipments  were 
furnished  by  General  I.  M.  St.  John,  consulting  en^neer  of  the  Chesapeake  and  Ohio 
Railroad ;  the  data  for  river  shipments  were  furnished  by  Mr.  J.  D.  Baines,  secretary 
of  the  Kanawha  Board. 


Yoar. 

By  raU. 

By  river. 

Total  per  year. 

1875 

5.792,925 
6.609,660 
7,768,800 

BuMhda, 

4, 048, 300 
5,024,060 
5,183,650 

BughsU. 
9,841,225 

1876 

11. 683, 70O 

1877 

12,042,450 

SURVEYS,  AC. 

A  survey  of  the  river  below  Charleston  began  on  September  10,  including  surveys  of 
the  localities  on  the  Kanawha  and  Elk  Rivers  where  measurementB  were  made  for  dis- 
charge in  the  flood  of  January  16,  1877. 

The  survey  began  at  the  footof  Blaine's  Island,  between  Island  and  Tvler  Shoals,  and 
extended  into  the  pool  above  Red  House  Shoal  and  below  the  mouth  of  Pocatalico 
River.  Surveys  were  made  of  Coal  River  from  its  month  to  Lock  No.  1  of  the  Coal 
River  slack  water  navigation,  and  of  the  Pocatalico  River,  from  its  mouth  to  Lanhama 
Dam  about  6f  miles  above. 

The  survey  was  required  chiefly  on  account  of  the  proposed  change  of  Dam  No.  6 
frx>m  a  site  at  the  head  of  Island  Shoal  to  one  below  near  the  head  of  Tyler  Shoal. 
With  this  change  a  new  arrangement  of  the  dams  below  would  be  desirable. 

The  survey  last  season  indicates  that  the  arrangement  can  be  changed  to  the  fol- 
lowinir.  (See  sheet  opposite  to  page  164  of  the  Report  of  the  Chief  of  Engineers  for 
1876,  Part  II.) 

Dam  No.  7,  below  Peeled  Maple  Shoal. 

Dam  No.  8,  at  head  of  Tucket's  Shoal. 

Dam  No.  9,  below  Red  House  Shoal. 

Dam  No.  10,  below  Knob  Shoal. 

Dam  No.  11,  above  13-mile  Shoal.  In  this  case  the  miter-sill  of  Lock  No.  11  might 
probably  be  22  inches  below  the  level  of  low  water  in  the  Ohio  at  the  mouth  of  the 
kanawfaa.  If  so,  and  the  dam  in  the  Ohio  improvement  next  below  the  Kanawha 
should  raise  the  water  5  feet  2  inches  at  the  mouth  of  the  latter  stream.  Dam  No.  12 
of  the  Kanawha  series  could  be  dispensed  with,  saving  probably  (300,000  in  the  esti^ 
mated  cost  of  the  Kanawha  River  improvement. 

Further  study  may  show  that  Dam  No.  7  can  be  located  below  the  mouth  of  Coal 
River,  and,  if  so,  it  is  probable  that  Dam  No.  11  may  be  placed  below  the  foot  of  3-mile 
Bar,  in  which  case  heavily-loaded  boats  could  pass  into  the  Ohio  at  all  seasons,  whether 
that  river  were  improved  by  locks  and  dams  or  not. 

Further  surveys  are  not  necessary.  Observations  made  for  the  discharge  of  the 
Kanawha  in  the  flood  of  January  16,  1878,  reduced  by  Mr.  Scott,  give  as  a  result 
155,388  cubic  feet  per  second.  The  measurements  were  taken  between  11  a.  m.  and 
12.45  p.  m.,  the  Charleston  gauge  reading  34^  feet  and  34^  feet  at  these  hours  respect- 
ively. The  river  reached  its  highest  point  (35.45  feet)  at  4.30  p.  m.  It  is,  then,  prob- 
able that  the  discharge  as  above  was  quite  the  maximum  for  that  rise. 

The  £Ik  was  gauged  on  the  afternoon  of  the  same  day,  and  the  observations  give  a 
discharge  of  32,959  cubic  feet  per  second. 

The  cOscharge  of  the  Kanawha  below  Elk  was  then  188,347  cubic  feet  per  second 
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To  illustrate  the  probable  frequency  with  which  the  movable  dams  will  be  maneu- 
vered on  the  Kanawha^  the  adjoined  sketch  is  presented. 

In  advance  of  the  nicer  adjustment  which  will  be  derived  from  experience,  it  may 
be  stated  as  a  general  approximation  that  on  a  rising  river  the  lowering  of  the  weir 
'will  be  completed  when  the  5-foot  stage  is  reached,  and  the  lowering  of  the  pass  will 
be  oomplet^  at  the  &-foot  stage;  whue,-on  a  falling  river,  the  raising  of  the  wickets 
of  the  weir,  and  of  the  pass,  will  be  comi>leted  at  the  reverse  stages. 

Or,  referring  to  the  sketch  as  illustrating  the  matter,  the  dams  would  be  entirely 
open  on  those  dates  where  the  condition  of  the  river  is  indicated  by  hair-lines,  for 
both  stages,  and  the  dams  would  be  entirely  closed  where  the  condition  of  the  river 
is  indicated  by  broad  black  lines  for  both  stages.  Various  partial  maneuvers  would 
take  place  at  other  times. 

The  above  would  be  so  far  modified  in  the  winter  months  that  the  dams  would  be 
completely  down  at  the  low  stages,  when  there  would  be  indications  or  fear  of  the 
formation  of  ice. 

Very  respectfuUy,  your  obedient  servant,  Thomas  Turti^e, 

First  LieutenaiU  of  Engineers, 

Capt.  C.  B.  Philups, 

Corps  of  Engineers,  V,  8,  A, 


F7. 

IMPROVEMENT  OF  THE  CAPE  FEAR  RIVER,  NORTH  CAROLINA. 

The  work  of  the  year  has  consisted  principally  in  the  continued  depo- 
sition of  stone  upon  the  closing  work  at  the  New  Inlet. 

At  the  date  of  the  last  annual  report,  a  contract  for  the  delivery  of 
45,000  cubic  yards  of  stone  upon  the  work  was  being  executed,  about 
20,000  yards  of  the  above  quantity  having  then  been  delivered.  This 
delivery  of  stone  continued,  and  at  the  close  of  the  first  week  in  Decem- 
ber, 1877,  the  entire  45,000  yards  had  been  delivered.  The  contractors 
were,  however,  allowed  to  continue  furnishing  stone  for  another  month, 
or  until  the  close  of  the  first  week  in  January,  1878,  at  which  time  they 
had  delivered,  in  all,  since  January  1, 1877,  49,129  cubic  yards  of  stone, 
28^25  yards  of  which  were  since  July  1, 1877. 

Proposals  for  an  additional  quanti^  of  stone  were  invited  October  9, 

1877,  and  opened  the  15th  of  the  following  month.  A  contract  for  the 
delivery  of  about  12,000  cubic  yards  of  stone  was  awarded  to  Mr.  W.  H. 
French,  of  Wilmington,  2^.  C.^  the  contract  to  be  completed  by  April  30, 

1878.  He  commenced  delivering  the  stone  in  January,  1878,  and  on  the 
6th  of  the  following  April  had  delivered,  in  all,  11,715  cubic  yards.  On 
this  date  the  contract  was  closed,  and  work  suspended,  on  account  of 
the  near  exhaustion  of  available  funds.  Total  amount  of  stone  depos- 
ited upon  the  dike  during  the  past  fiscal  year,  40,440  cubic  yards. 

This  stone  was  distributed  quite  uniformly  over  the  entire  length  of 
the  work  until  it  was  all  brought  up  gradually  to  low-water  mark,  when, 
from  each  end  of  the  dike,  the  work  was  filled  to  high- water,  in  the 
shape  of  a  ridge,  to  distances  of  850  and  650  feet  from  Federal  and 
Zeke's  Points  respectively.  The  full  required  width  has  not  yet  been 
given  to  the  structure. 

Extensive  hydrographic  surveys  have  been  made  by  Mr.  Bacon,  local 
engineer,  during  the  year,  including  New  Inlet,  outside  the  closing  work, 
Snow's  Marsh  Channel,  and  both  the  eastern  and  western  channels  at 
the  old  entrance  to  the  river.  Simultaneous  tidal  observations  have 
also  been  made  from  time  to  time  at  various  points  on  the  river. 

The  shore-line  at  Federal  Point  has  remained  about  the  same  as  at 
last  report  except  that  the  general  surface  has  risen.  The  shore-line  of 
Zeke's  Point  has  extended  in  a  remarkable  manner^he  low- water  line 
having  advanced  fully  300  feet  on  the  inlet  side.    The  old  worm-eaten 
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saperstmcture,  between  Smith's  and  Zeke's  Islands,  has  suffered  some 
damage  by  storms,  but  no  serious  consequences  are  anticipated. 

No  remarkable  changes  have  taken  place  in  the  shore-lines  of  Bald 
Head  Point  and  Oak  Island,  opposite,  at  the  old  mouth  of  the  river. 
The  effects  of  the  partial  closure  of  the  inlet  are  beginning  to  show  them- 
selves at  the  old  mouth. 

The  depth  of  water  on  the  "  rip  ^  of  the  western  channel  has  increased 
to  about  1(U  feet  at  low-water.  The  Bald  Head  Channel  has  shoaled 
somewhat  auring  the  year,  but  the  distance  across  the  bar  has  been 
steadily  diminishing.  The  suction-dredge  formerly  in  use  at  this  t)ar  has 
remained  laid  up  for  want  of  funds.  She  is  in  need  of  extensive  repairs. 
The  necessity  of  the  use  of  this  or  some  similar  dredge  upon  the  Bald 
Head  Bar  becomes  every  day  more  and  more  apparent. 

The  new  cut  behind  the  Horseshoe  Shoal,  known  as  the  "  Snow's 
Marsh  ^  Channel,  has  remained  in  the  same  condition  as  at  last  rei>ort. 
GDhe  channel  is  not  used,  except  by  light-draught  vessels,  on  account  of 
a  shoal  at  its  upper  end.  It  seems  useless  to  attempt  to  remedy  this 
until  after  the  closure  of  the  inlet  shall  have  been  completed  or  nearly  so. 
The  channel  at  the  " Logs"  stands  well,  but  additional  width  should  be 
given  it.  It  is  now  but  130  feet  in  width,  and  should  be  made  at  least 
250  feet  in  width. 

Mr.  Henry  Nutt,  chairman  of  the  chamber  of  commerce  (Wilmington) 
committee  on  the  improvement  of  the  Cape  Fear  Eiver,  has  continued 
to  exhibit  the  same  marked  interest  in  the  work  that  he  has  heretofore 
shown.  He  has  furnished  an  amount  of  statistical  information  in  regard 
to  the  commerce  on  this  river,  all  of  which  accompanies  this  report. 

Mr.  Henry  Bacon  has  continued  in  the  immediate  supervision  of  this 
important  and  interesting  work,  and  has  constantly  shown  his  usual 
fidelity  and  eflftciency  in  the  discharge  of  his  duties.  His  detailed  report 
of  the  operations  of  this  year  is  appended  hereto. 

An  appropriation  of  $160,000  for  this  work  was  made  by  act  approved 
June  18, 1878,  which  fills  the  estimate  of  June  30, 1876,  for  the  comple- 
tion of  existing  project. 

The  unexi)ected  settling  of  the  closing  work  at  the  inlet  will  require 
the  deposition  of  nearly  50,000  cubic  yards  of  stone  more  than  was  at  first 
anticipated,  which  will  increase  the  estimate  of  1876  by  about  $100,000. 

Mtmey  stat^mefd. 

July  1,  1877,  amount  aYftilable $01,788  60 

Amonnt  appropriated  by  act  approved  Jnne  18, 1878 160,000  00 


1351,788  60 


July  1,  1878,  amount  expended  during  fiscal  year  ..,• 91,1}30  36 

July  1,  1878,  amount  available 160,658  24 

Amount  (estimated)  rec^uired  for  completion  of  existing  jiToJeot 100, 000  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880.  50, 000  00 

Cape  Fear  Biver,-^Bids  opened  12.5  j».  m.,  J^oosniler  15,  1877. 


Xsme. 


W.H.  French 

Ban^s  &  Dolby  . . 
Ingeraon  d&Moltlirop 


Beaidence. 


Booky  Point,  N.C.. 

'Newxork 

Kew  London,  Conn. 


ChOncifardt. 


Jan.  l|  1878. 
Jan.  1,  W%. 


It 


AptiiM,Uro 
Apra80,1878 
Apfll30,]«r8 
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Contraotor,  W.  H.  I*rench,  at  $1.66}  per  onbio  yard. 
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REPORT  OF  MR.  HEKRT  BAOON,  ASfilSTAKT  ENODnSRR. 

Unitkd  States  EngineeIi  Office, 

Smithville,  N,  C,  June  1,  1878. 

Captain  :  I  haTe  the  honor  to  aahmlt  the  following  leport  of  operations  for  the  inii- 
nrovemeait  of  Cape  Fear  Biver.  North  Carolina,  during  the  eleven  months  ending  May 
31,  1878. 

The  work  done  baa  been  mostly  confined  to  the  stone  riprap  filling  on  the  timber, 
brush,  and  stone  foundation  of  the  dam  extending  across  the  New  Inlet  £K»n  Federal 
Point  to  Zeke's  Island. 

The  contract  of  Messrs.  Bangs  and  Dolby  for  furnishing  and  placing  the  st(me,  which 
bejrai  in.  January,  1877,  was  completed  January  7,  1878. 

The  following  are  the  amounts  of  stone  delivered  each  month  under  the  contract : 

Cable  yards. 

July,  1877 4  844 

August,  1877 5,660 

SeptemDer^877...« 4,344 

October,  1877 4,670 

November,  1877 4,352 

December,  1877 3^556 

January,  1878 , 1,299 

Total 28,725 

The  total  amount  delivered  under  the  contract  was  49,129  cubic  yards. 

Proposals  for  continuing  the  work  were  invited  by  advertisement  of  October  9, 1877. 
The  eontract  was  awarded  to  W.  H.  French,  of  Rooky  Point,  N.  C,  at  |1.66|  per  eubie 
yard  to  the  extent  of  available  fands.  to  be  completed  on  or  before  April  30,  1878. 

The  delivery  was  begun  January  11,  and  completed  April  6, 1878.  nearly  a  month 
before  the  limit  of  the  contracts  The  following  are  the  amounts  ol  stone  deliveved 
monthly : 

CoUo  jsras. 

January,  1878 2,981 

Fe!nr«ary.  1S78 3,572 

March,  1878 ; 4,354 

Aptil,  1878 806 

Total ^ ^ 11,715 

This  makes  the  whole  amount  deliveped  duiing  the  present  fiscal  year  40,440  oubie 
yasda. 

The  stone  has  been  placed  along  the  whole  length  of  the  dam  including  the  foondt- 
Mon  of  the  old  cadb-jeity  aA  Federal  Point,  gradually  bringing  the  work  in  a  ridge  to 
low- water  mark,  and  at  filling  the  ridge  to  high- water  mark,  about  850  feet  in  lei^fth 
from  Federal  Point,  and  660  foot  from  Zeke's  Island,  leaving  a  space  to  be  filled  of 
about  3^150  feet. 

No  part  of  the  work  is  completed  to  the  prep^  width  and  ^pes  exeepiting  for  a  short 
distance  from  each,  shoie. 

As  the  work  of  filling  has  proceeded  the  soonriag  on  each  side  of  the  dam,  occasioned 
by  the  overfUl  of  the  water,  increased  so  that  the  d^th  each  side  was  considerably 
below  the  foundation  of  the  dam,  but  generally  sloping  from  the  »de  of  the  same.  In 
one  place  the  depth  for  a  shoirt  distanoe  on  the  river  side  is  30  feet  below  mean  low- 
water,  and  27  feet  on  the  sea  side.  It  is  generally  fiEom  8  to  12  feet  below  the  original 
foundation. 

At  first  there  were  no  indicationB  of  settlement  in  the  foundation  mattresses,  but 
subsequently  on  all  the  shoaler  portions  of  the  work,  embracing  nearly  all  oi  tJie  mddr 
die  section  (1,588  feet  in  length)  and  portions  of  the  shore  sections,  the  water  found 
its  way  between  luad  under  tM  logs  of  the  mattresses,  and  gradually  settled  the  founda- 
tions so  that  there  is  no  portion  of  the  dam  (excepting  short  lengths  at  the  shores) 
where  the  base  is  lees  tiian  12  feet  below  mean  low-water.  Ko  settlement  of  the  founda- 
tion has  been  observed  where  it  was  placed  in  14  foet  depth  or  more  at  low- water. 

This  scouring  and  subsidence  is  undoobiedly  favorable  for  ultimate  security  and 
permanence,  but  it  involves  a  larger  expenditure  of  riprap  thsa  was  exx>eoted. 

The  original  estimate  (in  1875)  was  $^00,000  for  closing  the  ISlew  Inlet.  The  amoimt 
expended,  aside  from  superintend^ice,  is  aboat  |807,5(%.  The  affloexed  estinuiAe  in- 
creases this  to  about  $355^000. 

In  building  the  dam  to  low-water  mark  in  a  narrow  central  ridge,  the  slopes  on  a 
large  portion  of  it  fall  over  the  sides  of  the  foundaticm  mattresses  to  an  average  depth 
of  18  to  20  feet  below  low-water.  In  filling  to  high-water  mark  and  to  the  proper 
width  at  the  top,  these  slopes  must  be  fiUed  witn  stone.    This  will  give  security  to 
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the  dam  and  preclude  the  poeaibility  of  fiirther  nndennining.  The  scouring  seems  to 
haye  reached  its  limit  in  depth.  Very  little,  if  any,  increase  has  occurred  at  any  point 
for  several  months,  and  there  has  been  decided  shoaling  in  many  places. 

It  had  been  suggested  that  some  widening  of  the  mattress  foundations,  and  also 
that  some  perpendicular  jetties  to  the  dam,  would  be  advisable.  One  jetty,  of  about 
100  feet  length  and  40  feet  width,  was  placed  without  producing  any  apparent  effect. 
It  is  evident  that  the  scouring  is  caused  by  the  overfall  of  the  water  and  not  by  par- 
allel currents. 

The  widening  of  the  foundations  by  mattresses  was  not  resorted  to,  as,  after  the 
scouring  on  each  side  of  the  dam  had  occurred,  the  expense  of  such  work  would  be 
nearly  or  qiiite  as  great  as  the  filling  the  slopes  with  riprap,  while  the  efficiency  would 
be  much  more  douhtful.  The  following  sectional  diagram  illustrates  the  present  gen- 
eral condition  of  the  dam,  the  effect  of  the  scouring  by  the  overfall  of  the  water,  and 
the  method  of  completion  proposed. 

The  forces  to  be  contended  with  in  the  closure  of  the  New  Inlet  are  well  Ulustrated 
by  the  fact  that  in  the  present  imperfect  state  of  the  dam  the  water  on  the  river  side, 
toward  the  last  of  the  ebb-tide,  has  several  times  been  observed  to  be  2  feet  higher 
than  on  the  sea  side.  When  the  water  is  completely  shut  off  by  the  dam,  the  differ- 
ence at  certain  times  will  probably  amount  to  3  feet.  The  flood-currents  are  apparently 
as  strong  as  the  ebb,  but  the  difference  in  level  cannot  be  so  nearly  determined  till  the 
dam  is  completed  to  high-water.  From  a  comparison  of  tidal  observations  made  in 
1876  and  1877  with  those  made  since  the  partial  completion  of  the  dam,  there  appears 

food  reason  for  the  opinion  expressed  in  former  reports  that  the  range  of  the  tides  will 
e  increased  rather  than  diminished  in  the  river  at  Federal  Point  and  above  by  the 
closure  of  the  New  Inlet,  thus  adding  a  vast  force  to  the  scouring  power  at  the  mouth 
by  the  increase  of  the  volume  of  water. 

The  disturbing  forces  of  the  New  Inlet  tides  explained  in  former  reports  will  also  be 
removed.  These  are  especially  powerful  in  the  vicinity  of  the  New  Inlet  and  the 
Horseshoe  Channel.  The  good  effect  of  the  partial  closure  is  already  apparent.  The 
available  depth  in  the  Horseshoe  Channel  has  increased  fully  one  foot  since  the  dam 
was  begun.  A  reference  to  the  sketch  of  this  vicinity  which  is  annexed  hereto  will 
show  that  good  results  should  be  expected.  The  main  flood  after  the  fuU  closure  will 
no  longer  1^  met  near  the  Horseshoe  Channel  by  the  inlet  flood,  nor  the  main  ebb-cur- 
rents be  diverted  and  disturbed  by  those  of  the  inlet. 

The  primal  fact  which  lies  at  the  foundation  of  the  great  deleterious  influence  of 
the  New  Inlet  as  well  as  of  the  difficulty  of  closure,  is  that  the  average  time  of  the 
tides  at  the  natural  entrance  and  on  the  sea  side  of  the  New  Inlet  dam,  when  finished^ 
will  be  nearly  simultaneous,  while  the  same  on  the  river  side  of  the  dam  will  average 
fuUy  an  hour  behind.  There  is,  therefore,  or  will  be  during  more  than  half  the  time 
of  each  tide,  an  alternating  average  difference  of  at  least  1  foot,  in  level,  which  is 
varied  at  different  periods  of  the  tide  and  with  different  tides  and  winds. 

As  the  volume  of  the  New  Inlet  tide,  though  large  in  itself,  is  small  compared  with 
the  overwhelming  tides  of  the  entrance,  there  has  been  some  approximation  to  the 
effect  which  may  be  conceived  to  be  produced  by  the  interposition  and  sudden  removal 
of  the  complete  dam,  at  the  times  of  these  differences  of  level. 

The  effect  of  the  partial  closure  of  the  New  Inlet  is  already  apparent  at  the  natural 
entrance.  It  is  believed  that  the  *^  Rip''  of  the  western  channel  was  never  so  long  in 
so  good  a  condition.  It  has  been  reliable  for  fully  9  feet  depth  at  mean  low-water 
since  October  1,  1877.  At  the  jiresent  time  the  shoalest  soundings  are  10^  feet,  except- 
ing for  a  distance  not  exceeding  60  feet  on  soft  sand. 

The  eftect  at  the  Bald  Head  Channel  is  less  apparent'  but  not  less  real.  Since  the 
coast  survey  of  1872,  the  distance  across  the  bar,  irom  12  to  12  feet  depth  at  mean  low- 
water,  has  diminished  from  2,400  to  1,200  feet,  and  the  deep  ^ater  is  pushing  in  .a 
direct  line  across  the  bar.  It  is  very  unfortunate  that  funds  have  not  been  available 
to  assist  in  the  process.  It  is  probable  that  this  process  and  its  incompletion  accounts 
for  the  slight  shoaling  on  the  bar  which  has  occurred  during  the  year.  The  shoalest 
soundings  are  now  9  feet  at  mean  low-water  for  very  short  distances  (in  two  places) 
on  shifting  sands. 

No  great  permanent  changes  have  occurred  in  the  shore-lines  of  Federal  Point.  Dur- 
ing the  prevalence  of  strong  southwest  winds,  and  a  course  of  high  tides  in  August, 
1877,  a  tendency  to  flank  the  dam  at  Federal  Point  was  experienced.  This  was 
promptlv  checked  by  stone  Ailing,  and  the  dam  was  made  much  more  secure  thereby. 
A  line  of  sheet-piling  was  also  driven  from  the  end  of  the  dam  to  the  high  mound  at 
the  quarters.  The  sand  has  formed  a  ridge  over  it  above  the  highest  tides.  The  gen- 
eral surface  of  the  land  has  risen. 

Some  abrasions  have  occurred,  but  they  have  been  followed  by  accretion,  and  there 
has  been  a  general  advance  of  the  crest  and  low-wat«r  lines. 

Considerable  changes  have  occurred  in  the  shore-lines  of  Zeke's  Island,  especially 
on  the  easterly  side  and  near  the  dam.    The  low-water  line  has  advanced  about  300 
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feet  for  a  dUtauce  of  more  than  a  quarter  of  a  mile.  The  oreet  line  has  made  a  leas 
advance. 

There  has  been  a  general  growth  of  the  island  excepting  near  its  connection  with 
Smith's  Island.  In  this  yicinity  there  has  always  been  alternate  accretion  and  abra- 
sion on  the  sea  side.  The  old  sui>erstruotare  of  the  connecting  works  was  thoronghlj 
worm-eaten,  so  that  little  force  beyond  the  buoyancy  of  the  water  was  required  to 
move  it.  About  150  feet  in  lengtn  was  washed  out  by  the  stonn  of  September  17, 
1876)  as  i>er  last  report. 

During  the  past  two  months  a  new  breach  has  been  made  in  it  of  about  300  feet  in 
length,  a  little  northerly  of  the  other,  so  that  the  water  passes  freely  at  half  tides. 
As  the  foundation  stone  and  timbers  are  intact,  there  is  no  immediate  danger  of  a 
thorough  breach.  It  is  intended  to  repair  these  breaches  as  soon  as  funds  are  avail* 
able. 

The  ultimate  strength  of  the  work  will  be  increased  by  the  washing  of  a  large 
amount  of  sand  from  the  sea  side,  and  filling  the  deep  water  on  the  bay  or  river  Me, 

The  long  narrow  sand-beach  of  Smith's  Island  which  separates  the  sea  from  the  bay 
has  improved  in  condition  during  the  year,  although  the  "  swashes''  across  the  beach, 
some  3  and  4  miles  from  the  head  of  the  island,  remain  open. 

At  the  be^nning  of  the  year  the  spring  tides  washed  over  several  miles  of  this 
beach.  During  the  year  it  has  risen  above  the  highest  tides  excepting  at  the  swashes. 
These  have  now  an  aggregate  width  of  about  2.950  feet  at  hi^h-water.  This  em- 
braces the  middle  ground  between  the  first  two  **  swashes,"  which  is  bare  at  about 
half  tide,  and  about  1,400  feet  in  length.  The  southerly  swash,  originally  about  800 
feet  in  width  at  high-water,  has  diminished  to  less  than  200  feet. 

The  process  of  shoaling  in  the  rear  of  the  '^  swashes"  has  continued  throughout  the 
year.  There  is  but  little  doubt  of  their  ultimate  closure  by  natural  causes  and  of  the 
growth  of  a  large  area  of  marsh  or  grass  lands,  thus  forming  the  best  defense  against 
future  breaches  and  repeating  former  experience,  and  especially  of  the  great  breaches 
of  1857. 

By  reference  to  the  surveys  of  Lieutenant  Glynn  of  1839,  it  appears  that  the  long 
narrow  sand-beach  was  bordered  with  but  veiy  little  marsh.  Comparison  with  subse- 
quent surveys  shows  its  growth  in  the  rear  or  the  several  breaches,  and  especially  of 
the  great  breaches  of  1857.  It  is  to  be  noticed  that  these  breaches  cause  a  more  rapid 
recession  of  the  general  line  of  the  beach. 

The  present  breaches  are  so  remote  from  the  river  and  channels  and  the  New  Inlets 
and  so  little  influenced  by  its  closure,  that  no  immediate  danger  can  be  apprehendea 
from  them.  Therefore  no  expenditure  is  recommended  for  their  closure  during  the 
coming  year  unless  there  be  more  unfavorable  developments. 

No  great  changes  in  the  shore-line  of  Bald  Head  Point  and  the  opposite  point  of 
Oak  Iteland  have  occurred  during  the  year.  The  southwestern  shore  of  Bald  Head 
Point  has  receded  and  there  has  oeen  some  advance  northward  and  eastward.  The 
width  from  point  to  point  remains  about  the  same. 

The  new  cut  behind  the  Horseshoe  Channel  near  Snow's  Marsh  has  remained  in  the 
same  condition  during  the  year.  The  shoaling  at  the  upper  end  destroys  its  utilitv 
for  more  than  8  feet  draught  at  low-water.  A  reference  to  the  annexed  sketch  will 
show  the  remedy  proposed. 

It  is  apparent  from  the  general  shape  and  condition  of  the  river  and  channel,  as  well 
as  frx>m  observations,  that  the  prevailing  tidal  currents  both  of  the  ebb  and  flood,  and 
especially  the  ebb,  cross  the  upper  or  shoaled  portion  of  the  cut  obliquely,  and  will  do 
so  after  the  complete  closure  of  the  New  Inlet.  This  is  the  cause  of  the  shoaling,  the 
bottom  being  sandy. 

It  is  not  believed  to  be  practicable  at  any  reasonable  expense  to  divert  the  main 
currents  through  the  cut,  but  by  giving  the  upper  end  of  it  a  new  direction  above 
Snow's  Marsh  parallel  with  the  prevailing  currents,  extending  it  to  the  12-foot  pocket, 
which  is  very  nearly  connected  with  the  main  channel  of  12  feet  depth  at  low-water 
(as  may  easily  be  done  by  a  veiy  small  amount  of  dredging),  a  good  and  reliable  sub- 
sidiary channel  may  be  obtained  of  12  feet  depth  at  low-waier,  much  more  reliable  and 
permanent  than  the  Horseshoe  Channel,  as  that  will  always  be  more  subject  to  cross, 
changeable,  and  opposing  currents,  which  are  the  source  of  its  changes  and  deteriora- 
tion. 

The  channel  thus  obtained  will  more  than  justify  all  the  expense  thus  far  incurred 
by  dredging  it,  and  the  comparatively  small  expense  proposed  to  make  it  available. 

The  new  dredged  channel  at  the  "Logs,"  near  Campbell's  Island,  retains  its  depth  of 
12  feet  at  low-water.  It  is  only  130  feet  in  width,  and  it  should  be  widened  to  make 
it  more  serviceable. 

The  exhaustive  hydrographic  survey  of  the  river  between  New  Inlet.  Snow's  Marsh, 
the  deep  water  above  If^eral  Point  and  below  Price's  Creek  light  nouse,  has  been 
completed  and  the  map  projected  on  a  scale  of  200  feet  to  an  inch. 

A  like  survey  of  the  New  Inlet  extending  over  the  whole  basin  and  to  deep  water 
over  the  shoals  has  also  been  made,  and  the  maps  projected  on  a  scale  of  400  feet  to  an 
inch. 
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A  tborangh  snrvey  of  the  Bald  Head  f^d  western  ohannelB  of  the  natural  entmnoe 
has  been  made,  and  projected  on  a  scale  of  txAht  • 

The  trianffulation  in  preparation  for  a  complete  hydrographic  surrey  of  the  river 
connecting  the  above  sorveys  has  been  made. 

Reconnaissances  and  examinations  have  been  made  and  reported  ftom  time  to  time 
of  Federal  Point,  Zeke's  and  Smith's  Islands,  Bald  Itead  Point,  &e. 

The  tug  James  T.  Easton,  and  the  crew  of  the  same,  have  been  very  ua^ul  in  these 
surveys,  and  very  little  extra  labor  has  been  employed  on  them.  The  togwas  laid  up 
under  tne  care  of  a  watchman  and  the  crew  discharged  December  31,  1677.  Some  re- 
pairs will  be  required  to  put  her  in  running  order. 

The  suction-dredge  Woodbury  has  been  laid  up  under  the  care  of  a  watohman 
during  the  year.  Her  hull  and  machinery  have  necessarily  suffered  some  from  decay 
and  rust.  Her  boiler  is  known  to  be  worthless.  The  macninery  and  pumping  appa- 
ratus are  in  reasonably  good  condition. 

Simultaneous  tidal  olwervations  have  been  taken,  especially  at  Smithville,  Federal 
Point,  and  Wilmington.  They  have  not  been  taken  with  a  view  to  determine  the 
absolute  average  ran§e  of  the  tides  so  much  as  their  relaihe  movements  and  ranges  at 
the  several  pli^es. 

Some  of  the  comparative  results  of  these  observations  are  shown  below.  These 
tidal  observations  will,  on  comparison  with  future  observations  whi<di  may  be  made 
at  the  same  places  after  closing  the  New  Inlet,  show  tiie  effect  of  that  work  on  the 
tidal  movements. 

From  184  simultaneous  observations,  each  of  high  and  a4}acent  low-water  in  ISltS 
and  1877,  and  71  similar  observations  of  the  same  from  February  11,  1878,  to  May  30, 
1678,  since  the  partial  closure  of  the  New  Inlet,  the  following  resuHe  i^pear : 

One  hundred  and  dghty-fowr  eibeerwMons  in  1876  and  1977. 


▲Teiage  U^-water 

Avenge  low-water 

Average  lange 

Per  oentage  of  Smithville  rsage. . 


Smith- 
ville. 


i.88 
0.30 
4.4» 


Federal 
Point 


i.SO 

0.<B 

8.88 

86perot. 


8enenUf-<me  obeervaMane  in  1878. 


Saiihvilk. 


Federal  Point 


BtverMde.    Seaside. 


Average  high- water 

Average  low-water 

Average  range 

Percentege  m  BmithviUe  xange. . 


4.05 
0.06 
8.07 


4.81 

LOO 

&81 

88iperct 


FmL 
4.32 
0.61 
8.71 
88|perot 


Qnnj^rative  reeulta  of  twenty-eight  8imultane(n^  ohaervaUone  of  highr^water  and  a^aoent  louh 
water,  from  April  22,  1878,  to  May  30,  1878. 


Smithville. 


Fedual  Point 


Biverside.     Seaside. 


Wilming- 
ton. 


Average  hl^-wster 

Avenge  low- water 

Average  range 

Approximate  percentage  of  Smithville  range 

Approximate  percentage  of  Federal  Point,  river  aide, 
range 


i.01 
1.07 
8.84 


4.80 
LOT 
8.22 
0.84 


FmL 

4.80 

a74 

8.56 
a03 


Fmt 
4.42 
L75 
2.67 
0.70 

0.83 


The  tides  observed  in  1876  and  1877  flive  about  the  average  rauffe  at  Smithville. 
Those  observed  in  1878  give  less  than  the  average,  because  more  of  the  larger  tidea 
were  omitted. 
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The  present  condition  of  the  dam  does  not  allow  the  full  natural  ebb  on  the  river 
side  by  reason  of  the  influx  of  the  inlet  flood,  nor  the  full  flood  on  account  of  the  out- 
flow with  the  inlet  ebb.  If  the  dam  had  been  complete  during  the  above  observations 
of  1878,  it  seems  certain  that  the  average  ran^e  on  the  river  side  would  have  been  at 
least  88  per  cent,  of  the  average  range  at  Smithville,  and  the  percentage  would  have 
been  still  further  increased  if  a  proper  portion  of  the  larger  tides  had  oeen  observed 
so  as  to  bring  the  average  to  the  mean  range. 

PROBABLE  OPERATIONS  FOR  THE  COMING  FISCAL  YEAR. 

The  operations  proposed  being  dependent  on  the  amounts  to  be  appropriated  by 
Cong^ress,  are  mentioned  below  in  the  order  of  their  importance. 

It  is  of  the  utmost  importance  for  the  security  and  preservation  of  the  work  already 
done  that  the  New  Inlet  Dam  shoiild  be  finished  to  high-water  mark  as  rapidly  as  prac- 
ticable. This  requires  a  larger  amount  of  work  than  liad  been  anticipated,  for  reasons 
before  stated. 

The  i)rice  of  stone  riprap  has,  by  competition  and  skill  in  working,  been  largely  re- 
duced since  the  former  estimates.  It  can  be  obtained  in  open  market  at  tne  estimated 
price. 

It  is  of  equal  importance  that  the  old  works  connecting  Zeke's  and  Smith's  Islands 
should  be  thoroughlv  re][>aired. 

.The  importance  of  assisting  the  concentration  of  natural  forces,  which  are  being  so 
largely  increased  by  the  closure  of  the  New  Inlet,  and  consequent  increase  of  the  vol- 
ume and  force  of  the  tidal  currents  at  the  mouth  of  the  river,  requires  and  justifies  all 
reasonable  exi)enditure  therefor.  It  is  recommended  that  this  should  be  <lone  by  the 
use  of  a  suction-dredge  to  complete  the  Bald  Head  Channel  across  the  bar.  This  method 
of  dredging  is  peculiarly  well  adapted  to  the  work  and  to  the  material  on  this  bar.  It 
is  l)elieved  that  the  dredge  Woodbury  can  be  thoroughly  repaired,  with  a  large  new 
boiler  and  in  hull,  house,  machinery,  &c.,  so  as  to  make  her  powerful  and  effective  for 
the  work,  for  $14,000. 

The  completion  of  the  new  cut  above  Snow's  Marsh,  before  described,  is  recommended.. 
So  also  the  widening  of  the  dredged  channel  near  Campbell's  Island.  The  dredging 
in  both  these  places  is  more  expensive  than  ordinary  excavation,  as  there  is  some  com- 
])act  sand  at  the  proposed  channel  above  Snow's  Marsh,  and  some  stumps  and  logs> 
may  be  expected  at  the  channel  near  Campbell's  Island. 

The  following  estimates  are  presented  for  the  coming  fiscal  year.  It  is  hope<l  that 
the  full  amount  may  be  granted.  The  growing  importance  of" Wilmington,  the  com- 
mercial metropolis  of  the  State,  demands  persistence  in  the  improvement  of  the  river 
and  entrance. 

74,000  cubic  yards  for  New  Inlet  Dam,  at  |^1.66f fl23,333  3^ 

6,000  cubic  yards  large  stone,  for  top  on  sea-face  of  dam,  at  $4 24, 000  00 

Repairs  of  old  works  at  Zeke's  and  Smith's  Islands 10, 000  00- 

Kepairs  of  suction-dredge  Woodbury 14,000  00 

Operation  of  suction-dredge,  8months 8,000  00 

80,000  cubic  yards  dredging  at  Snow's  Marsh  Channel,  at  25  cents 20, 000  00 

60,000  cubic  yards  dredging  at  Campbell's  Island  Channel,  at  30  cents  ...  18, 000  00 

Superintendence  and  surveys 15,000  00 

Coutingencies  (about  10  percent.) 23,666  67 

Total 256,000  00 

Respectfully  submitted. 

Henry  Bacon, 
Assistant  Engineer, 
Capt.  C.  B.  Phillips, 

Corps  of  Engineers,  United  States  Army, 

31  E 
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Richmond 

Rockland 

Rockport 

Sandry 
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492  EEPORT   OF  THE   CHIEF   OF  ENGINEERS. 

SPECIAL  REPORT   ON  IMPROVEMENT  OF  THE  MOUTH  OF  CAPE  FEAR 
RIVER,  NORTH  CAROLINA. 

United  States  Engineer  Office, 

Baltmiore,  March  27,  1878. 
General  :  I  have  the  honor  to  acknowledge  the  rex^ipt  of  your  com- 
mimication  of  the  26th  instant  (addressed  to  Major  CraighUl),  trans- 
mitting, for  information  and  for  report  thereon,  a  copy  of  a  resohition 
of  the  United  States  Senate,  dated  22d  instant,  calling  upon  the  Secre- 
tary of  War  for — 

Any  information  he  may  have  in  his  department  in  relation  to  the  improTement  of 
the  Cape  Fear  Harbor  in  North  Carolina  since  the  last  report  npon  that  improvement. 

As  Major  Craighill's  successor  (temporarily),  it  devolves  upon  me  to 
report  as  follows : 

At  the  date  of  the  last  annual  report  of  the  Chief  of  Engineers,  opera- 
tions were  being  principally  confined  to  filling  in  with  stone  upon  the 
structure  for  closing  the  space  between  Federal  Point  and  Zeke's  Island, 
and  known  as  the  "  New  Inlet'' 

About  20,000  cubic  yards  of  stone  had  then  been  delivered  upon  the 
work  under  the  then  existing  contract.  The  contract  time  for  this  de- 
livery expired  on  the  31st  of  December,  1877.  The  contractors  at  that 
time  had,  by  pushing  their  work  vigorously,  delivered  very  nearly  50,000 
cubic  yards  of  stone  in  aD,  which  amount  was  somewhat  more  than  was 
required  of  them. 

At  this  time  (December  31  last)  a  balance  of  about  $20,000  remained 
on  hand,  available  for  the  continued  delivery  of  stone. 

Previous  to  this  time  it  had  become  manifest  that  it  was  particularly 
desirable  that  there  should  be  no  suspension  in  the  delivery  of  stone,  as 
will  be  explained  hereafter  in  this  rei)ort,  and  bids  were  in\ited  for  con- 
tinuing the  work  to  the  extent  of  available  funds. 

These  bids  were  opened  November  15, 1877,  and  a  contract  was  exe- 
cuted for  the  delivery  of  12,000  yards  of  stone  for  the  sum  specified 
above,  or  at  the  rate  of  $1.66^  per  yard. 

Work  under  this  contract  was  commenced  early  in  January  last,  and 
at  the  present  date  nearly  10,000  yards  have  already  been  delivered. 
It  is  expected  that  the  contract  will  be  entirely  fulfilled  on  the  10th 
proximo,  when  aU  further  work  for  the  closure  of  the  New  Inlet  must 
necessarily  be  suspended  for  want  of  fimds. 

In  the  last  annual  report  it  is  stated : 

The  closing  work  is  as  high  as  low-wat«r  for  abont  two-fifths  of  its  length,  *  »  * 
bnt  the  fnU  width  has  not  yet  been  given  it. 

The  40,000  cubic  yards  of  stone  which  have  since  been  put  on  the 
work  have  brought  the  structure  up  to  low-water  mark  over  nearly  its 
entire  length,  but  it  must  still  be  said  the  "full  width  has  not  jxt  been 
given  it." 

The  structure  at  low- water  mark  is  not  over  about  six  feet  in  width, 
with  ridges  at  i)oints  projecting  above  this  leveL  The  filling  which  had 
been  done  just  before  the  date  of  the  last  annual  report.,  and  which  con- 
stituted the  two-fifths  of  the  length  referred  to  in  the  report,  was  mostly 
in  deep  water,  varying  from  10  to  18  feet  in  depth.  The  filling  in  this 
deep  water  was  standing  well ;  but  very  little,  if  any,  settling  having 
been  observed,  which  was  very  encouraging  at  the  time  (1st  of  July 
last)  5  and  it  may  be  remarked  here  that  this  deep  filling  has  continued 
to  stand  with  but  little  settling. 
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But  when  the  shoaler  water  was  reached,  particularly  on  the  second 
section  of  the  work  (1,588  feet  in  length),  a  very  serious  settling  was  al- 
most immediately  detected  as  the  flUing  advanced.  It  has  been  quite 
fully  explained  in  previous  reports  that  the  first  step  for  the  closure  of 
the  inlet  consisted  in  putting  an  apron,  composed  of  mattresses  of  round 
timber  and  brush,  loaded  with  stone,  entirely  across  the  space  in  ques- 
tion. This  apron  varied  in  width  from  45  to  70  feet,  according  to  tlie 
depth  of  water  at  any  particular  point.  The  width  of  the  apron  on  the 
second  section  of  the  work  was  uniformly  45  feet,  and  its  line  of  direc- 
tion was  on  what  was  known  as  the  "  six-feet  shoal.'' 

As  the  filling  has  continued  over  the  entire  work  generally,  but  more 
noticeably  over  the  shoaler  portions,  of  which  the  second  section  is  an 
example,  the  water  has  cut  out  a  deep  trench  on  each  side  of  the  work, 
and  this  seems  to  have  been  caused  more  by  the  pouring  of  the  water 
over  the  structure  than  by  any  current  along  the  sides.  As  a  result  of 
this,  the  entire  work  is  left  resting  upon  a  ridge,  and  at  the  shoaler 
places  the  work  has  gradually  settled  as  the  water  has  found  its  way 
between  the  timbers  forming  the  base  of  the  structure. 

The  limit  of  scour  seems  to  have  been  attained  at  the  present  time, 
and  the  depth  to  which  it  has  reached  is  about  18  or  20  feet  below  ordi- 
nary low- water.  This  depth,  however,  is  found  only  at  quite  a  distance 
from  the  mattresses,  and  no  settling  has  been  observed  at  iwints  where 
the  mattresses  were  placed  at  a  depth  of  14  feet  or  more  below  ordinary 
low- water.  As  the  entire  base  of  the  structure  is,  at  the  shoalest  point, 
about  12  feet  below  low-water  at  the  present  time,  there  is  reason  to 
suppose  that  the  settling  has  nearly,  ceased,  especially  if  the  theory  be 
correct  that  the  limit  of  scour,  due  to  the  overfall  of  water,  has  been 
attained.  It  will  be  seen  at  a  glance  from  the  above  that  this  settling 
{unexi)ected  in  extent)  has  caused  the  original  estimates  for  the  quantity 
of  stone  required  to  complete  the  work  to  fall  below  tlie  amount  abso- 
lutely required.  On  the  completion  of  the  apron,  it  was  estimated  that 
85,000  cubic  yards  of  stone  would  be  required  to  bring  the  closing  work 
to  high- water  mark.  This  was  in  June,  1876.  Since  that  date  about 
62,000  yards  have  been  put  in,  leaving  a  balance  of  23,000  yards  yet  due 
to  fill  the  estimate.  It  is  now  estimated  that  nearly  80,000  cubic  yanls 
of  stone  will  yet  be  required  to  complete  the  work  to  high-water. 

It  is  no  moi-e  than  just  and  proper  to  add,  however,  that  this  discrei)- 
ancy  would  not  have  been  so  large  had  it  been  possible  to  have  prose- 
cuted the  work  continuously. 

I  quote  from  a  report  made  on  the  11th  of  the  present  month,  by  Mr. 
Henry  Bacon,  the  assistant  in  immediate  charge  of  this  work.    He  says : 

As  the  work  of  stone-iiUing  at  the  New  Inlet  dam  has  proceeded,  the  scourinjif  on 
each  side  and  a<ljacent  to  it  has  increased,  and  aU  those  portions  of  the  w^ork  which 
wore  placed  in  shoal  water,  euihracing  nearly  all  the  second  section  (1,588  feet  in  length) 
and  portions  of  the  first  and  third  sections,  have  heen  gradually  settled  hy  the  water 
finding  its  way  between  and  under  the  logs  of  the  mattresses,  so  that  the  base  of  the 
work  is  nearly  everywhere  at  least  12  feet  below  mean  low- water. 

This  subsidence  and  scouring  are  undoubtedly  favorable  for  security  and  perma- 
nence, but  necessarily  involve  a  larger  expenditure  of  riprap  than  was  expected.  Ex- 
jierience  has  shown  the  necessitv  of  giving  a  liberal  tojj-width  to  the  dam  at  high- 
water,  and  of  large  stone  carefully  placed  on  the  top  and  sea-side  surface  of  the  dam. 

In  completing  the  work  to  high-water  mark,  the  slopes  must  be  filled  with  stione  to 
the  limit  of  the  scouring  in  depth.  This  already  seems  to  have  reached  its  limit.  No 
increase  has  occurred  for  several  montlis. 

The  forces  to  be  contended  with  in  the  closure  of  the  New  Inlet  are  well  illustrated 
by  the  fact  that  in  the  present  imperfect  state  of  the  dam  the  water  on  the  river-side, 
toward  the  last  of  the  ebb-tide,  is  sometimes  2  feet  higher  than  on  the  sea-side. 

When  the  water  shall  be  completely  shut  off  by  the  dam,  the  difference  wiU  at  cer- 
tain times  probably  amount  to  3  feet. 
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In  the  light  of  all  owr  experience,  I  would  now  estimate  the  amount  of  stone  required 
to  complete  the  dam  to  high-water  mark  at  80,000  cubic  yards. 

The  good  effect  of  the  partial  closure  of  the  New  Inlet  is  already  apparent  at  the 
mouth  of  the  river  by  the  general  increase  of  depth  both  at  the  "  Rip  "  and  the  Bald- 
Head  Channels. 

No  words  are  needed  to  show  the  propriety  and  necessity  of  granting  the  comparar 
tively  small  amounts  needed  for  the  completion  of  this  Important  work. 

I  concur  with  Mr.  Bacon  in  all  that  I  have  quoted  above.  His  esti- 
mate of  amount  of  stone  required  to  complete  the  closing  work  to  high- 
water  mark  appears  high,  and  I  trust  that  it  may  prove  higher  than  neces- 
sary ;  but  he  is  daily  at  the  point  of  oi>eration8,  and  has  been  during 
the  past  two  years  and  more,  and  he  has  learned  that  due  allowance 
should  be  made  for  the  treacherous  movements  of  the  tides  and  sand 
on  this  particularly  exposed  shore. 

Three  important  steps  for  the  improvement  of  the  Lower  Cape  Fear 
Kiver,  at  and  below  New  Inlet,  have  constantly  be^n  kept  in  mind  by 
the  officer  who  has  been  in  charge  of  the  work  tbr  the  past  seven  yeara 
(and  who  is  now  but  temporarily  relieved  from  the  charge  of  same),  viz, 
the  closing  of  New  Inlet,  the  deepening  of  water  on  the  bar  at  the  old 
mouth  of  the  river,  and  the  restoration  of  the  old  channel  behind  the 
"  Horseshoe,''  opposite  the  inlet,  and  known  as  the  Snow's  Marsh  Chan- 
nel. 

Of  these  operations,  the  first  and  the  third  are  mainly  merely  sub- 
sidiary to  the  accomplishment  of  the  improvement  of  the  bar. 

From  time  to  time,  work  to  a  limited  extent  has  been  attempted,  both 
at  the  bar  to  assist  nature  in  restoring  the  old  depth  of  water,  and  at 
the  "Horseshoe"  to  restore  the  old  location  of  the  channel.  The  re- 
stricted means  at  the  disposal  of  the  officer  in  charge  of  the  work  have 
caused  these  attempts  to  be  but  comparatively  feeble ;  but  the  results 
have  demonstrated  beyond  a  doubt  the  correctness  of  the  theory  which 
l)rompted  them.  For  the  past  two  years  the  small  amount  of  funds  avail- 
able, and  the  particularly  exposed  position  of  the  New  Inlet,  have  im- 
peratively dictated  the  necessity  of  devoting  every  available  dollar  to 
the  work  at  the  inlet,  in  order  to  secure  that  which  had  already  been 
attained  at  so  great  an  expense. 

While  I  am  called  upon  merely  to  give  information  in  relation  to  the 
improvement  of  the  Cape  Fear  River,  and  am  not  specially  invited  to  ex- 
press any  "  opinion  "  on  the  subject,  1  will  venture  to  say  the  following, 
and  trust  t^at  I  will  not  be  considered  presumptuous  in  so  doing: 

The  officer  in  charge  of  the  work,  in  his  annual  report  in  July  last, 
stated :  "Amount  that  can  be  profitably  expended  in  fiscal  year  ending 
June  30, 1879,  $160,000." 

This  amount  at  that  time  was  considered  absolutely  necessary  to  make 
complete  the  work  at  the  inlet,  with  the  probability  that  a  sufficient  bal- 
ance would  remain  to  enable  some  steps  to  be  taken  for  the  accomplish- 
ment of  the  subsidiary'  operations  referred  to  above. 

Circumstances  which  have  arisen  since  the  date  of  said  report  have 
certainly  not  diminished  the  amount  which  can  be  used  to  advantage 
during  the  year  in  question. 

On  the  contrary,  the  unlooked-for  increase  in  the  amount  of  stone  re- 
quired at  the  closing  work  at  the  inlet  has  proportionally  increased  the 
amount  which  can  be  used  to  advantage;  and  I  greatly  fear  that  the 
amoiuit  in  question,  if  appropriated,  wiU  do  no  more  than  close  the  inlet, 
and  secure  properly  the  beach  in  its  vicinity,  while  the  minor  operations 
remain  neglected — operations  which  should  go  on  at  once^  in  order  to 
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secure  promptly  to  navigation  the  fall  ftnits  resulting  from  the  main 
operation,  viz,  the  closure  of  New  Inlet. 

I  am,  general,  very  respectfiilly,  your  obedient  servant, 

Charles  B.  Phillips, 

Captain  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


F  8. 

United  States  Enchneeb  Office, 

Camp  No,  1,  Falls  Bra7ichj  New  River ^ 
Pulaski  County^  Virginia^  July  1,  1878. 
General  :  I  have  the  honor  to  submit  herewith  the  annmil  report  of 
operations  for  fiscal  year  ending  June  30,  1878,  for  the  work  of  river  im- 
provement under  my  charge  temporarily. 

Very  respectfully,  your  obedient  ser\^ant, 

Jas.  W.  Guyler, 
Captain  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  TT.  8.  A, 


IMPROVEMENT  OF  NEW  RIVER  FROM  LEAD  MINES  IN  WYTHE  COUNTY, 
VIRGINIA,  TO  THE  MOUTH  OF  GREENBRIER  RIVER,  WEST  VIRGINIA. 

Having  been  assigned  by  my  predecessor  in  charge  of  the  work,  Maj. 
W.  P.  Craighill,  Corps  of  Engineers,  to  its  local  charge,  June  28,  1877, 1 
took  station  at  New  River  Depot,  Pulaski  County,  July  6,  after  having 
first  visited  Wythe\ille,  in  order  to  obtain  some  necessary  information 
and  make  certain  needed  arrangements,  proceeding  thereupon  to  in- 
augiu'ate  the  work. 

The  project  of  Major  Craighill,  which  was  to  form  a  cleiir  channel, 
30  feet  wide  by  2  feet  deep,  below  minimum  low-water,  through  the  rock  in 
X)lace,  constitiiting  the  "falls"  and  "ripples"  in  the  river,  ajid  the  coarse 
fjravel  constituting  the  "bars,"  such  channel  to  be  adapted  to  the  existing 
navigation,  i.  e.,  "  keel-boats"  or  batteaux,  with  an  average  carrying  capac- 
\ty  of  8  tons,  on  a  draught  of  wat;er  21  inches,  and  to  be  so  arranged  as  to 
be  capable  of  utilization,  in  the  more  general  and  permanent  project  con- 
templated, for  a  channel  90  feet  wide  by  3  feet  deep,  suitable  for  light- 
draught  steamers,  having  been  approved  by  the  Chief  of  Engineers, 
June  7, 1877, 1  made  a  reconnaissance  of  the  portion  of  the  river  extend- 
ing 20  miles  above  and  7  miles  below  the  determined-upon  initial 
point  of  the  work,  L  c,  the  bridge  of  the  Atlantic,  Mississippi  and  Ohio 
BaiLroad  spanning  !New  Kiver,  l^tween  July  7  and  16, 1877,  with  a  view 
of  fixing  the  several  localities  for  work. 

The  engineering  as  weU  as  local  considerations,  pointing  to  the  advis- 
ability of  carrying  the  work  forward  progressively  ent&ely  upstream, 
a  gravel  "flat"  16  feet  long  by  8  feet  beam  and  a  "stone-boat,"  ^ith  4 
canoes,  were  built;  2  keel-l^ats  50  feet  long  by  7  feet  9  inches  beam,  were 
hired  for  quarters  and  transportation:  boate,  tools,  and  suppUes  collected, 
and  a  working  force  organized  by  July  23,  when  work  was  begun  on 
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the  four  ripples  next  above  the  raikoad  bridge  and  distant  from  it  from 
200  to  600  yards. 

The  nature  of  the  work  involved,  for  the  removal  of  the  rock  in  place, 
blasting  imder  water  as  the  method  of  working;  "juniper-drills"  weiv 
decided  ui>on,  as  from  the  overhanging  of  the  ledges  and  the  fact  that 
the  workmen  had  to  stand  in  quick  and  strong  water,  in  order  to 
drill,  suitable  "churn-driUs"  would  have  proved  too  imwieldy  and  heav;^'; 
holes  of  2  inches  diameter  were  fixed  on  as  best  suited  to  the  work,  and 
these  were  drilled  on  an  average  3  feet  below  bed,  and  spaced  as  nearly 
equally  apart  as  the  lay  of  the  rock  would  i>ermit,  varying  from  2  feet  to 
8  feet 

In  view  of  the  facts  that  the  labor  of  the  country  composing  the 
force  was  entirely  ignorant  of  the  method  of  handling  d^oiamite  or  "  giant- 
powder,"  and  that  1  had  not  time  before  leaving  Baltimore,  my  nearest 
point  of  supply  tor  such  explosives,  to  arrange  for  procuring  them,  I 
decided  upon  the  use  of  the  "Orange"  blasting-powder,  and  after  several 
experiments  with  tin  cartridge-cases  and  gutta-percha  and  india-rubber 
patent  tubing  for  same,  finally  selected  the  "pitch-bag"  cartridge,  a 
cylindrical  bag  of  close  ticking,  made  around  a  wooden  coi*e,  and  im- 
mersed in  a  mixture  of  pitch  and  tar  of  the  proper  consistency,  with  a 
piece  of  "double-tape"  fuse  inserte<l  in  the  mouth  and  choked,  which 
selection  was  followed  by  the  best  results,  not  1  per  cent,  of  blasts  failing, 
as  due  to  the  cartridge,  during  the  two  and  one-half  month's  oi)erations  of 
1877.    For  the  removal  of  the  gravel-bars  the  pick  and  shovel  were  u«e<l. 

Lying  as  the  work  did  in  a  coimtry  sparsely  i)eopled  and  relatively 
inaccessible,  it  became  a  necessity  to  feed  and  tent  the  entire  working 
party.  Working  on  the  above  plan,  a  party  of  50  were  worked  during 
the  season  of  1877. 

After  finishhig  the  four  ripples  above  referred  to  to  width  and  nearly  the 
proper  depth,  and  building  training- walls  and  wing-dams  at  them  with 
the  rock  excavated,  a  fifth  ripple — ^a  narrow  ledge  offering  no  serious  ob- 
struction— ^half-way  between  Ripple  4  and  "Jones"  (for  reference  to  locali- 
ties, vide  survey-map  of  1872),  was  cut  through:  a  gravel-shoal  80  feet  in 
length,  opposite  "Jones"  was  dug  through,  and  lacking  but  a  few  inches 
of  the  requisite  depth;  a  "gathering-dam,"  extending  110  feet  up  river, 
was  put  in,  raising  the  water  to  the  proper  level  without  blasting,  and 
the  main  work  of  the  season  reached  the  ijassage  of  Ingle's  Falls  3  J  miles 
above  the  railroad  bridge. 

These  falls  consist  at  head  of  eight  distinct  ledges  of  hard  gniess  rock, 
running  straight  across  the  river,  successively,  for  600  feet,  barring  back 
a  pool  extencfing  up  3  J  miles,  with  from  9  feet  to  3 J  feet  water  in  it ; 
below  these  ledges  for  350  feet  extend  large  detached  bowlders,  through 
which  the  natural  sluice  winds  with  great  velocity  of  flow,  succeeded  by 
a  gravel-shoal  240  feet  in  width,  the  "falls"  being  terminated  by  another 
gravel-shoal  300  feet  wide  just  above  the  broken-down  piers  of  the  old 
Virginia  and  Tennessee  Turnpike  Bridge,  in  themselves,  as  they  stand, 
an  obstruction  to  descending  boats,  which  latter  require  the  removal  of 
certainly  the  westerly  pier  of  the  two;  the  stretch  of  river  embraced  in 
the  "  falls"  is  1,010  yards,  and  the  total  fall  in  this  distance  7.11  feet, 
the  width  of  low-water  bed  at  head  being  700  feet,  narrowing  suddenly 
at  the  lower  "gravel"  to  530  feet.  Three-fourths  of  this  fall  of  7.11  feet 
occurs  in  the  upi>er  900  feet  through  rock;  and  the  gravel-shoals  below, 
as  well  as  the  generally  rough  and  irregular  nature  of  the  entire  bed  of 
the  lower  section,  are  undoubtedly  due  to  the  abrupt  change  of  slope  in 
the  bottom,  occasioning  all  the  particles  brought  down  through  the  rock- 
falls  to  be  drox)x>ed  in  tiie  sinuosities  of  the  natural  sliuce. 
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Through  the  entire  course  of  these  obstructions,  a  channel- way  of  the 
prescribed  dimensions  was  formed,  and  from  an  examination  made  last 
month,  after  the  experience  of  the  ice  and  freshets  of  the  winter  and  spring 
ice,  there  are  no  decided  signs  of  the  filling  in  of  the  cut  through  the 
"gravel.'^ 

The  working  section,  at  Falls  Branch,  4^  miles  above  Ingle's  Falls,  was 
next  commenced  upon.  This  work,  lying  on  the  convex  side  of  a  deep 
horseshoe  bend,  consists  at  head  of  falls  of  five  rock  ledges  running 
across  the  river;  vertical  fall  3  feet  6  inches  succeeded  below  by  deep 
pool  of  stiU  water,  cut  diagonally  across  as  the  river  bends  by  longitudi- 
nal ledges,  the  lower  section  consisting  of  rock  ledges,  straight  across, 
again  terminated  by  an  abrupt  fall  over  a  gravel-  bed;  fall  in  this  lower 
section  4  feet  to  surface  of  pool"  extending  up  from  "Ingle's'';  width  of 
low- water  bed  900  feet  narrowing  to  070  feet  in  bend,  and  total  length  in 
river  of  the  obstructions  1  mile.  The  rock  here,  a  disintegrated  slate, 
blasting  but  very  badly,  proved  so  troublesome,  that  but  little  progress 
was  made,  and  on  October  11,  high  water  and  cold  weather  setting  in, 
work  had  to  be  abandoned  for  the  season,  and  the  property  put  in  store 
at  the  railroad  bridge. 

The  work  of  the  season  had  been  of  a  character  before  untried,  and  to 
a  certain  extent  experimental,  but  what  had  been  done  having  proven 
that  the  project  adopted  was  ftilly  capable  of  meeting  the  object  held  in 
view  by  it,  with  the  exception  of  following  invariably  the  natural  sluices 
and  channels,  if  the  present  work  was  to  be  utilized  in  the  more  general 
project  proposed,  the  winter  was  devoted  to  preparing  a  complete  outfit 
suitable  in  character  for  operating  on  a  larger  scale.  The  lack  of  "  plant," 
transportation,  tents,  &c.,  had  closely  restricted  the  operations  of  1877  by 
itself,  even  had  there  been  no  other  reason  to  conduct  the  work  tenta- 
tively, and  a  party  of  50  was  the  maximum  for  advantageous  working 
in  the  season  of  1877.  Plans  were  made  for  a  special  class  of  boats  adapted 
to  the  work  in  hand,  on  which  six  boats  were  built,  including  a  "crane- 
boat,"  with  light  machinery;  and  all  preparations  being  complete  by 
June  1,  on  June  14  the  work  of  the  season  was  begun,  the  delay  being 
due  to  the  unusual  high  stage  of  water  in  the  river  and  constant  violent 
rains.  The  completion  of  the  "Falls  Branch"  section,  the  tenninus  of 
last  fall,  was  taken  in  hand  and  is  at  date  completed. 

After  the  close  of  work  on  October  11,  1877,  a  small  field-party  made 
the  necessary  surveys  for  enlarged  maps  of  localities  worked  at,  which 
should  show  details  and  changes  which  the  sun-ey  of  1872  did  not  ex- 
hibit. 

On  October  22, 1  made  a  series  of  gaugings  of  the  river  extending  to 
October  30,  the  point  selected  being  at  and  below  Ingle's  Falls,  this  point 
being  chosen  not  so  much  with  an  eye  to  the  regularity  of  river  section, 
but  because  it  was  the  most  serious  obstacle  to  navigation,  on  the  line  of 
the  season,  and  was  a  characteristic  type,  of  that  class  of  obstructions — the 
worst  in  the  river — ^it  was  desired  to  ascertain,  with  as  near  a  degree 
of  approximation  as  the  nature  of  the  case  would  pennit  of,  the  amoiuit 
of  obstruction  to  steam  navigation  of  the  river. 

The  observations  were  made  with  tin  ellipses,  submerged  to  various 
depths,  and  wooden  floats;  and  while  numerous  observations  were  made 
with  all  the  care  practicable,  the  nature  of  the  stream  itself  and  the  par- 
ticular locality  rendered  solutions  within  exact  limits  impossible.  From 
the  measurement  and  the  formulas  used,  good  approximate  results  were 
obtained,  showing  the  mean  velocit^^  of  the  river  at  this  point  to  be 
about  5J  miles,  and  the  discharge  equal  to  about  900  cubic  feet  per  sec- 
ond, with  a  gauge-reading  of  7.75  inches.  For  a  more  complete  solution 
32  £ 
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a  series  of  gan^ngs  should  be  continued  at  various  stages  of  the  river, 
and  a  connection  made  with  the  more  permanent  gauge-boards  estab- 
lished in  the  lower  New  River,  a  mean  distance  of  100  miles  below  the 
site  of  this  w^ork,  and  referred  to  the  Charleston  (Kanawha)  plane. 

The  above-given  figures  furnish  all  requisite  information  for  immediate 
I)ractical  purposes;  for  more  exact  results,  observations  extending  over 
some  time  and  nicely  conducted  are  required,  so  great  and  so  sudden  are 
the  variations  in  the  stages  of  this  river,  and  so  many  anomalous  features 
does  it«  upper  course  of  128  miles  present. 

The  rocks  passed  through  in  excavating,  consist  mainly  of  the  common 
limestones,  often  holding  fine  crystals  of  dog-tooth  spar  and  slates. 

At  Ingle's  Falls  the  rock  was  almost  entirely  a  hard,  tough  gneiss. 
The  limestones  are  often  found  i)artially  disintegrated,  and  more  often 
the  slates,  the  latter,  when  lying  in  nearly  horizontal  beds,  proving  a 
very  troublesome  and  costly  bed  to  excavate,  as  involving  quarrying 
after  blasting,  or  blowing  out  in  small  firagments;  the  gravel  in  the  river 
is  large  and  may  better  be  termed  a  "  shingle."  As  a  rule,  the  excavations 
have  furnished  about  the  necessary  material  for  the  dams,  training- walls, 
&c.,  in  which  no  brush  has  as  yet  been  worked,  the  inner  constructions 
of  this  material,  with  stone  by  private  parties,  for  special,  local  objects, 
and  by  the  government  of  the  States  lately  in  rebellion,  not  having  proved 
stable  or  satisfactory. 

It  is  proposed  in  the  further  progress  of  the  work,  to  use  more  exten- 
sively the  gathering-dams  and  training-walls,  as  a  means  of  securing 
the  necessary  depths,  vdth  a  diminished  amount  of  bla^sting;  also  to  use, 
m  certain  cases,  "giant-powder"  as  an  explosive,  and  introduce  the  use  of 
the  chum-drill. 

As  a  general  description  of  this  upper  New  River,  it  may  be  said  to 
consist  of  a  series  of  pools  from  100  feet  to  4  miles  in  length,  with  from 
3  feet  to  10  feet  depth  in  them,  some  few  i>oint«,  "holes,"  showing  20,  30, 
and  more  feet.  Tliese  pools  are  separated  by  ledges  straight  across  or 
diagonal  to  the  river,  in  groups  of  from  5  to  10.  The  total  faU  between 
pools  rarely  exceeds  7  feet,  more  often  3  feet  or  4  feet,  the  actual  vertical 
fall,  not  frequent,  at  a  single  ledge  scarce  ever  being  more  than  18  inches ; 
in  fact,  the  so-called  "falls"  shoidd  be  more  appropriately  termed 
"rapids." 

There  are  some  stretches  of  river  showing  long  shoals,  not  bars,  of  the 
coarse  gravel,  but  the  pools  and  rock  ledges  predominate,  pockets  of 
gravel  being  generaDy  found  in  and  at  foot  of  the  "  rapids."  With  such  a 
regimen  any  improvement  made  as  to  deepening  and  widening  the  chan- 
nel introduces  the  new  obstacle  of  largely-increased  velocity  and  vol- 
ume ;  so  that  though  the  main  and  more  important  navigation  of  this 
river  must  ever  be  that  of  descending  boats,  yet  no  scheme  of  improve- 
ment can  fiilly  meet  the  requirements  of  the  case  without  considering 
and  aiming  to  counteract  this  induced  obstacle  to  na^igation. 

Appended  will  be  found  tabular  statements  exhibiting  figures  of  work, 
localities  of  same,  and  gauge-readings  for  the  season  of  active  opera- 
tions of  1877-'78. 

From  the  first  table  it  will  be  seen  that  the  work  has  been  done  at 
figures  considerably  below  the  estimates  of  the  report  of  1873,  the  gen- 
eral lowering  of  prices  for  labor  and  supplies  of  course  largely  aff'ecting 
this,  a«  also  the  favorable  season  for  work  shown  by  the  gauge-tables. 

With  a  gauge-reiiding  of  +  12  inches,  which  is  the  usual  river's  stage 
from  November  1  to  May  15,  operations  of  the  kind  being  carried  on  are 
impracticable. 

As  to  the  amount  of  work  to  be  done  for  either  the  30  feet  or  90  feet 
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width  of  cliannel-way,  the  experience  of  the  year  leads  me  to  conclude 
that  the  estimates,  as  set  forth  in  the  report  of  1873,  are  below  consid- 
erably the  actual  amounts  required. 

Sketches  of  the  more  important  working  sections.  Ingle's  Falls  and 
Falls  Branch,  are  appended. 

DETAILS  OF  WORK  DONE  1877-1878. 

Rock  excavated  ami  moved -• cubic  yards..  r24 

Gravel  excavated  aud  moved cubic  yards. .  775 

Number  of  holeH  drilled 1,044 

Number  of  feet  of  holes  diilled feet..  3,027 

Average  depth  of  holes feet..  2.9 

Average  depth  of  hole  (2  iuches)  drilled  per  day  per  drill feet . .  9. 75 

Number  of  blasts  fired -^ 984 

Number  of  bhi8t<s  missed .' 60 

Number  of  cartridges  made 1,076 

Average  charge  of  po wder  in  eaeh  cartridge pounds . .  f 

Average  looseuiug  of  rock  per  bhwt yards..  J 

Average  cost  of  pitch-bag  cartridge  completed |0  19.5 

Avera»fe  cost  of  rock  excavation,  iucludiug  blastingi  scowing  away  d^briSj 

aud  buildiug  same  iuto  training-walls,  &c per  yard . .  ^50 

Average  cost  of  giavel  for  do per  yard..  |0  70 

STATEMENT    SHOWING    LOCALITIES  OF  WORK    DONE    1877-78  AS    PER  SURVEY-MAP  OF 

1872. 

Width  acroae 
of  ledge. 

1.  200  to  600  yards  above  railroad  bridge — 

KipploNo.  1 50  feet. 

Ripple  No.  2 110  feet. 

Ripple  No.  3 20  feet. 

Ripple  No.  4 20  feet. 

2.  Ripple  No.  5  between  Ripple  No.  4  and  *  *  Jones  " 20  feet. 

3.  Gravel  shoal  op^wsite  '^Jones^' 80  feet. 

Total  Icneth  of  falls 
and  rapids  in  river. 

4.  Incle's  Falls ^  mile. 

5.  Falls  Branch 1  mile. 

Money  statement 

July  1,  1877,  amount  available $14,921  75 

Amount  appropriated  by  act  approved  June  18,  1878 15,000  00 

$29,92175 

July  1,  1878,  amount  exi)ended  during  fiscal  year 6, 492  26 

JiUy  1,  1878,  amount  available 23,429  49 

Amonnt  (estimated)  i-equired  for  completion  of  existing  project 70, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      35, 000  00 
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ANNUAL  EEPORT  OF  MR.  S.  T.  ABERT,  UNITED  STATES 
CIVIL  ENGINEER,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30,  1878. 

United  States  Engineer  Office, 

Wdshingtan,  2>.  C,  August  8, 1878. 
General  :  I  have  the  honor  to  submit  herewith  my  aimual  report 
relating  to  the  works  of  river  and  harbor  improvement  under  my  charge 
for  the  .fiscal  year  ending  June  30, 1878. 

Very  respectfully,  your  obediient  servant, 

S.  T.  Abert, 
United  States  Civil  Engineer. 
Brig.  Gen,  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A, 


G  I. 

improvement  of  harbors  at  WASHINGTON  AND  GEORGETOWN,  DIS- 
TRICT OF  COLUMBIA. 

At  the  commencement  of  the  fiscal  year  the  appropriation  of  $50,000, 
(made  March  3,  1873),  for  the  improvement  of  the  harbors  of  Washington 
and  Georgetown,  had  been  expended  in  dredging  channels  above  and 
below  the  Long  Bridge,  and  in  removing  dangerous  rocks  in  Georgetown 
Harbor,  leaving  a  small  balance  of  $2,800,  which  was  insufficient  for  any 
work  which  could  materially  benefit  the  uaAigation  of  the  river ;  the  work, 
therefore,  has  remained  prsMJtically  suspended  during  the  year.  The  new 
channel  had,  however,  under  the  action  of  the  annual  freshets,  been  un- 
dergoing gradual  deterioration.  This  has  been  anticipated  in  former 
annual  reports  on  this  work,  in  which  it  was  stated  that  the  bar  would 
probably  re-form  every  three  or  four  years,  unless  the  flats  were  inclosed 
and  the  river- width  contracted.  The  river  at  this  point  increases  from 
900  to  5,000  feet  in  width ;  the  freshet- water  loaded  with  sediment,  leav- 
ing the  confined  channel  above  Georgetown,  suddenly  expands  over  the 
wide  area  below.  The  resulting  decrease  in  the  velocity  of  the  stream, 
which  is  still  further  checked  by  the  flood-tidal  current,  causes  a  deposit 
of  the  material  held  in  suspension.  This  action  had,  however,  been  com- 
paratively gi-adual  until  the  freshet  of  November  25,  1877,  which  contin- 
ued for  three  days,  and  which  exceeded  any  previous  freshets  of  which  we 
have  any  record.  Much  damage  was  caused  to  the  shii)i)ing  and  wharf 
property  in  Georgetown,  and  the  causeway  between  Analostan  Island 
and  the  Virginia  shore  was  partly  canied  away.  The  heights  of  the 
fi'eshets  at  different  points  were  as  follows : 

Feet. 

New  outlet-lock,  Chesapeake  and  Ohio  Canal 19.8 

Aqueduct  Bridge,  Georgetown 16.5 

Wnarf  of  Philadelphia  steamer,  Georgetown 13.6 

Foot  of  F  street,  N.  W.,  Washington  City 13.0 

Foot  of  Seventeenth  street,  Washington  City 10.2 

Liong  Bridge,  Virginia  draw 9.0 

Areenal  Point 8.4 
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These  heights  were  determined  by  marks  fixed  by  obsen^ers.  When  the 
freshet  had  subsided,  the  depth  of  water  on  the  bar  was  found  to  have 
been  greatly  reduced.  The  least  low- water  depth  over  the  bar  was  about 
9  feet,  where  15  feet  depth  had  existed  in  1875.  When  coal  shipments 
were  about  to  be  resumed  in  the  spring  of  the  present  year,  steps  were 
taken  by  the  merchants  and  the  coal  companies  of  Georgetown  to  dredge 
a  temporary  channel  through  the  bar,  to  meet  the  more  pressing  wants 
of  navigation,  until  relief  should  be  afforded  by  Congress.  Subscriptions 
were  made  by  parties  interested,  and  several  cuts  were  dredged  in  the 
shoalest  part  of  the  bar.  Application  was  made  by  the  citizens  execut- 
ing this  work,  for  the  expenditure  of  a  part  of  the  available  balance  in 
widening  this  channel,  and  authority  for  the  same  was  glinted  by  the 
Chief  of  Engineers.  Proposals  tor  the  work  were  invited,  and  the  follow- 
ing bids  were  received  and  opened  April  24 : 


No. 

Name. 

Addroas. 

Price  per 
cubic  yard. 

Tinieofctwn- 
menoement. 

Time  of  com- 
pletion. 

1 

G.  H.  Ferris   

Baltimore,  Md 

Georgetown,  D.  C 

.28 
.20 

May  10,  1878 
At  once 

June  30,  1878 
June    1  1878 

2 

H.  P.  Gilbert 

Tlie  contract  was  awarded  to  Mr.  H.  P.  Gilbert,  of  Georgetown,  who 
commenced  dredging  May  7  and  completed  the  work  authorized  May 
21,  1878,  removing  5,500  yards. 

During  part  of  April  and  May,  1878,  a  survey  was  made  of  the  part 
of  the  river  between  Easby's  Point  and  the  Arsenal,  to  ascertain  the 
changes  caused  by  the  fi-eshets ;  all  the  data  then  obtained  will  be  found 
in  the  maps  accompanying  this  report. 

AUTHORIZED  OPERATIONS  FOR  THE  BELIEF  OF  NAVIGATION. 

The  following  approi)riations  were  made  in  the  river  and  harbor  act, 
approved  June  18, 1878,  for  the  continuation  of  this  improvement : 

For  improving  the  harbors  and  channels  at  Washington  and  Georgetown,  District 
of  Columbia,  fifty  thousaud  dollars,  of  which  sum  twenty  thousand  dollars  is  to  be 
expended  in  Washington  Harbor  and  Channel  below  the  Long  Bridge,  and  thirty  thou- 
sand doUars  to  be  expended  in  Georgetown  Harbor  and  Channel. 

In  accordance  with  these  provisions,  specifications  have  been  prepared 
for  a  channel  200  feet  wide  and  16  feet  deep  at  low-water,  through  the  bar 
below  Easby's ;  and  also  for  dredging  a  channel  200  feet  wide  and  12  feet 
deep  at  low- water,  along  the  Washington  wharves.  The  work  has  been 
advertised  for  proposals,  and  will  be  commenced  at  an  early  date. 

THE  PERMANENT  IMPEOVEIMENT  OF  THE  RIVEE, 

In  order  that  the  channel  to  be  dredged  may  be  rendered  permanent, 
it  is  important  that  a  general  plan  of  improvement  should  be  adopted, 
and  that  its  continuation  should  be  provided  for  by  annual  apjiropria- 
tions  suificiently  large  to  insure  substantial  progress  in  the  work. 

Three  plans  were  discussed  by  the  Board  of  Survey  appointed  by  act 
of  Congress,  for  the  permanent  imi)rovement  of  the  harbors  of  Wash- 
ington and  Georgetown : 

First.  That  of  a  single  channel  following  the  Washington  shore  be- 
tween Easby's  Point  and  the  Arsenal. 

Second.  A  channel  following  the  so-called  Virginia  Channel. 

Third.  The  retention  of  both  these  channels — ^the  Washington  Channel 
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to  be  employed  as  the  main  channel  for  naAigation ;  the  Yir^nia  Channel 
to  be  used  as  an  outlet  for  the  flood- water — ^and  the  area  between  them 
to  be  reelaimed  and  raised  above  the  highest  flood. 

The  second  of  the  above-mentioned  plans  (jan  be  execnted  at  less  cost 
than  either  of  the  others ;  it  affords  easier  curves  for  the  dLschar^o  of 
tlie  water  and  will  re<iuire  a  less  expenditure  for  the  preservation  of  its 
depth.  This  plan  was,  therefore,  recommended  by  the  Board  of  Survey 
and  has  been  described  in  previous  annual  reports ;  the  work  already 
execnted  for  the  relief  of  naAigation  ha>s  been  in  accordance  with  this 
plan  Jis  re(iuired  by  the  act  making  appropriations  therefor. 

In  my  reports  for  tlie  years  1875  and  1876,  it  was  proposed  to  secure 
the  radic^il  improvement  of  the  river,  by  tlie  successive  execution  of 
parts  of  the  general  plan  of  the  Board  of  Survey,  each  part  being  selected 
with  reference  to  its  relative  importance  and  its  relation  to  the  succeed- 
ing parts,  so  that  each  division  of  the  work  would  be  in  itself  a  decided 
improvement  of  the  navigation,  and  would,  at  the  same  time,  facilitate 
the  economical  completion  of  the  entire  plan.  The  initial  work,  accord- 
ing to  this  proposition,  would  have  been  confined  to  a  rectification  of  the 
cur^-atui-e,  between  the  acjueduct  and  Easby's  Point,  to  be  effected  by 
the  cutting  off  of  the  northern  and  eastern  sides  of  Analostan  Island, 
and  also  of  the  eastern  front  of  the  river  between  G  street  and  Easby's. 

The  estimates  for  this  work  will  be  found  in  the  lieport  of  the  Chief  of 
Engineers  for  1875,  Part  II,  page  119,  and  in  the  Report  for  1876,  Part 
I,  page  346, 

Upon  examination  it  was  found  that  a  large  amount  of  rock  would 
have  to  be  excavated,  and  the  cost  of  land  damage  would  also  have  to 
enter  the  estimate  and  wonld  increase  the  original  estimiite  of  the  Board. 
These  recommendations  did  not  receive  the  sanction  of  Congress.  I 
would,  therefore,  submit  the  following  plan : 

Instead  of  the  execution  of  the  proposed  plan  of  the  Board  in  sncces- 
sive  di\isions,  I  would  now  propose  to  limit  the  work  to  the  essential 
features  of  this  plan  by  confining  the  operations  to  the  diedging  of  a 
cliannel,  following  the  course  of  the  Virginia  Channel,  between  Easby's 
and  the  Arsenal,  and  reclaiming  the  entire  area  between  the  city  front 
and  the  river  channel,  lea^ing  the  question  whether  this  area  should 
be  i)arked  or  laid  out  in  city  lots  for  future  consideration. 

The  compensation  for  injury  to  riparian  rights  can  be  made  according 
to  tlie  plan  suggested  fiirther  on. 

The  importance  of  a  radic^il  improvement  of  the  river  to  the  health 
and  prosperity  of  the  city,  caimot  be  disputed,  and  its  early  completion 
will  afford  the  only  satisfactory  solution  to  questions  relating,  first,  to 
the  Siinitary  condition  of  the  city ;  second,  to  the  relations  of  labor  to 
capital;  and,  third,  the  much  needed  improvement  to  trade  and  navi- 
gation. 

1st. — Sanitaby  conditions. 

The  flats  above  and  below  the  Long  Bridge  have  been  gradnally  shoal- 
ing for  many  years  by  reason  of  the  deposit  of  sediment  from  freshets; 
an  area  of  more  than  300  acres  is  now  left  bare  at  every  low  tide,  and  the 
depth  on  the  remainder  of  the  flats  is,  at  this  stage,  fr'om  1  to  3  feet,  in- 
creasing to,ward  the  river  channel. 

The  shoaler  portions  are  thickly  grown  with  aquatic  grasses,  which 
undoubtedly  increase  the  deposition  of  silt.  Tliere  ciin  be  no  question 
but  that  the  flats,  alternately  exi)osed  and  covered  by  the  tides,  seriously 
aftect  the  health  of  the  city;  and  sanitary  as  well  as  commercial  consid- 
erations alike  demand  the  early  abatement  of  this  nuisance. 
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2d.— The  labor  question. 

The  increasing  population  of  artisans  and  laborers  requires  an  increase 
of  the  emi)loyinent8  which  are  independent  of  the  annual  appropriations 
of  Congress,  and  this  desirable  end  can  be  best  attained  by  the  improve- 
ment of  the  facilities  of  trade  and  naAigation  which  will  open  a  larger 
field  of  employment  for  laborers  and  artisans. 

3d. — ^Trade  and  commerce. 

The  commerce  of  the  port  of  Georgetown  requires  a  wide  and  deep 
cliannel.  The  largest  shipments  are  those  of  Cumberland  coal  brought 
down  by  tlie  Chesai)eake  and  Ohio  Canal,  which  is  sent  to  northern  and 
eastern  cities  in  sailing-vessels.  A  deep  channel  permits  the  use  of  large 
vessels  and  materially  reduces  the  cost  of  transportation.  The  statisti(!s 
appended  to  this  report  show  ftdly  the  amount  and  character  of  the  trade 
of  this  port. 

The  Board  proposed  to  obtain  these  ends  bj"  the  adoption  of  the  second 
of  the  above-mentioned  i)lans,  and  it  is  to  the  modification  of  this  plan, 
by  which  its  most  important  object  can  be  economically  secured,  that  I 
now  respectfully  call  your  attention. 

THE  FILLING  OF  THE  FLATS. 

The  material  which  it  is  necessary  to  dredge  from  the  river  in  order  to 
secure  a  pennanent  channel  is  hu'gely  sand,  which  is  suitable  for  filling 
the  flats,  and  can  be  deposited  on  them  at  a  lower  rate  per  cubic  yard 
than  material  from  the  shore,  and  wiU  thus  ser\^e  a  double  purpose.  Tlie 
height  of  the  filling  shoidd  be  regulated  by  the  height  of  the  highest 
freshet.  The  average  height  of  the  flood  of  Xovember  5,  1877,  between 
P  street  and  the  -cVisenal  was  10.4  feet  above  low- water.  A  grade,  there- 
fore, of  11  feet  would  be  ample  if  a  sufticient  cross-section  is  maintained 
for  the  dischai'ge  ol  the  river  at  high-water. 

SEWERAGE  OF  RECLAIMED   GROUND. 

As  the  filling  of  the  flats  progresses  the  disposition  of  the  present  city 
sewerage  will  require  attention.  This  subject  was  considered  by  the 
board  of  survey,  who  referred  to  it  as  follows : 

The  Rewerage  of  this  reclaimed  land  would,  in  general,  present  no  difficnlt  problem!^ 
To  this  there  is  one  exception,  viz,  the  discharge  of  the  great  intersecting  sewer  run- 
ning along  B  street  northwest  from  Seventh  street  west  to.  Seventeenth  street  west. 

The  bottom  of  the  sewer  is  now  ■: inches  below  mean  low-water.    This  sewer  should 

be  continued  by  the  most  direct  line  in  length  3,000  feet  to  the  bulkhead,  having  an 
average  width  of  20  feet,  a  height  of  9  feet,  with  its  bottom  2  feet  Ijelow  mean  low- 
water  at  Seventeeth  street  and  5  feet  at  the  bulkhead.  This  sewer  would  then  at  all 
times  contain  nearly  (5,000  tons  of  water,  with  a  tidal  flow  in  and  out  of  10,000  tou.«» 
daily.  If  the  area  drained  hais  80,000  inhabitants,  the  amount  of  organic  matter  would 
be  20  tons;  the  tidal  water  would  amount  to  live  hundred  times  this  amount,  sufticient 
to  render  it  inotiensive.     But  this  sewer  would  have  to  be  periodically  cleaned. 

The  most  efficient  method  would  probably  be  to  proAide  interiiepthig 
sewers  for  all  higher  levels  to  discharge  into  the  river  by  gravity ;  aud 
for  the  lower  districts  to  be  provided  with  special  sewers,  and  with  i)unii>- 
ing  stations  near  the  river-channel,  which  will  raise  and  discharge  the 
sewerage  at  such  levels  as  the  stage  of  water  may  require.  For  the  dis 
trict  now  drained  by  the  B  street  sewer,  at  the  foot  of  Seventeenth  strt^et, 
the  line  suggested  by  the  board  vnYL  i)robably  be  the  most  economical. 

A  peifect  system  of  sewerage  could  be  secured  for  the  low  district  by 
placing  pimiping-engines,  one  on  the  new  river  front  on  the  prolongation 
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of  Seventeenth  street ;  the  other  at  the  outlet  of  James  Creek  Canal, 
about  half  way  between  the  Arsenal  and  the  navy-yard.  At  the  present 
time  one  pump  at  the  last-named  locality  would  be  sufficient  to  drain 
the  sewers  at  all  stages  of  the  water. 

NEW  BBioaE. 

When  the  channels  have  sufficiently  progressed,  some  provision  will 
also  be  necessary  for  the  construction  of  a  bridge  in  the  place  of  the 
present  Long  Bridge,  with  piers  sunk  to  the  depth  that  the  new  channels 
will  require,  and  with  spans  and  draw  which  will  meet  the  requirements 
of  navigation,  as  recommended  by  the  board  of  survey  in  their  report. 

RIPARIAN  OWNERS. 

The  filling  of  the  flats  and  Washington  Channel  between  the  Long- 
Bridge  and  the  Arsenal  will  involve  the  destruction  of  the  wharves  along 
this  part  of  the  city  front. 

It  will  be  necessary,  therefore,  to  keep  the  Washington  Channel  open 
for  navigation  until  the  new  frontage  shall  have  been  completed,  when 
the  riparian  owners  might  be  granted  an  equivalent  frontage  and  area 
of  land  upon  the  new  and  deeper  channel;  the  old  channel  could  then  be 
filled  without  detriment  to  navigation. 

At  and  above  Easby's  Point  the  changes  proposed  by  the  board  for 
the  reduction  of  the  curvature  of  the  channel  are  of  gi'eat  imi)ortance, 
but,  as  the  excavation  would  be  very  exi)ensive,  the  work  may  be  lim- 
ited to  the  removal  of  Easby's  Wharf  and  the  rock  near  the  house  of  the 
Analostaii  Boat  Club.  The  dimensions  of  the  new  channel  would  be 
regulated  by  the  cross-section  required  for  the  discharge  of  the  river  at 
liigh-water. 

The  following  table  gives  the  principiil  dimensions  of  the  channel  and 
the  present  and  i)roposed  cross-section : 


5  *; 
^1S 

sll 

tig 

Approximate  aectional  area. 

Proposed  sectional 
area  at  low-water. 

Locality. 

At  low-wa- 
ter. 

Dnrine  fresh- 

et  of  1877. 

Aqneduct  Bridge 

G-Htroet  wharf 

Feet 
900 

1,080 
930 

5.330 

2.497 

Feet. 
29. 
31. 
37. 
14.3 

2ft 

1 
Feet.      Square  feet. 
16.  5                20,  433 
13.0                22,730 

20,275 

10. 2                20,  640 

9.                   2«.  012 

Square  feet. 
35, 253 
42, 080 

Square  feet. 
No  change  at  present. 
Do. 

Eatibv'H  Point 

Do. 

Seveiiteenth-atreet  wharf 

to  Gravelly  Point. 
Long  Brid-'e 

75, 414 
48,602 

30,125. 
33  550. 

The  general  plan  of  the  improvement  above  referred  to  provides  for 
the  ultimate  and  i)ermanent  improvement  of  the  two  harbors  by  the 
dredging  of  a  wide  and  deep  channel  and  filling  the  flats  with  the  dre<lged 
material. 

I  submit  with  this  report  a  moditied  estimate  providing  for  the  exca- 
vation of  a  channel  20  feet  deep  at  low- water  along  the  deeper  portions 
of  the  river,  and  a  channel  15  feet  deep  adjacent,  following  substantially 
the  lines  laid  down  by  the  board  of  survey.  It  is  proposed  to  confine  the 
material  diunped  on  the  flats,  by  means  of  a  rii)rapped  slope,  with  a 
protection  of  sheet-piling  at  the  low- water  mark,  as  shown  on  the  plan 
accompanying  this  rei)ort.  The  cost  of  construction  of  wharves  would 
properly  be  sustained  by  the  riparian  owners. 
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The  channel  above  proposed  will  provide  for  a  low-water  sectional 
area  at  that  part  of  the  river  where  the  bar  now  forms  about  30,000 
square  feet,  being  somewhat  greater  than  the  present  low-water  section 
between  the  Aqueduct  and  the  Long  Bridge.  The  width  of  tlie  river 
will  be  decreased  by  the  proposed  bidkhead  lines  so  as  to  insure  the 
preservation  of  the  depth  at  low-water  stages,  and  at  the  same  time 
afford  a  sectional  area  during  freshets  5,000  feet  greater  than  that  at  the 
Long  Bridge, 

The  estimated  cost  of  the  work  now  proposed  as  the  project  for  the 
improvement  of  the  Washington  and  Georgetown  harbors  is  as  follows : 

14,940,000  cubic  yards  dredfring,  at  15  centa - $2,241,000  00 

23,000  feet  of  slope  protection,  at  $4 92,000  00 

Crib-work,  &c.,  at  esist  end  Long  Bridge 23,000  00 

Contingencies 236,000  00 

2, 592,  000  00 

The  improvement  can  be  commenced  and  carried  on  gradually  by  the 
appropriations  of  $150,000  to  $200,000  for  each  year ;  such  appropria- 
tions will  insure  a  low  contract-price  per  cubic  yard  and  substantial 
progress  each  year  until  the  accomidishment  of  the  work. 

EXAMINATION  OF  ROCKS  AT  CANAL  OUTLET  ABOVE  GEORaETOWN. 

I  had  the  honor  to  submit  on  March  27,  1878,  a  report  upon  the  cost 
of  removing  rocks  near  the  outlet  lock  of  the  Chesapeake  and  Ohio  Canal 
in  answer  to  a  resolution  of  the  House  of  Representatives  refen^ed  to  me 
by  your  letter  of  March  20,  1878.  The  rocks  which  require  removal  are 
in  one  group  in  fi'ont  and  nearly  on  the  axis  of  the  new  outlet  lock  of 
the  Chesapeake  and  Ohio  Canal,  about  250  feet  from  the  foot  of  the 
incline. 

The  rock  is  partly  out  of  water  at  low  tide,  and  although  there  are 
channels  on  each  side  it  will  be  found  a  serious  obstruction  to  the  large 
amount  of  trade  passing  out  of  the  canal.  The  estimated  cost  of  remov- 
ing the  rocks  to  the  dei)th  of  9  feet  at  low- water  will  be  as  follows : 

1,600  cul)ic  yards  of  rock  excavation,  at  §25 $40, 000  00 

Contingencies,  10  per  cent 4,000  00 

44,000  00 

The  following  statement  gives  approximately  the  trade  of  the  trvvo 
harbors  during  the  past  fiscal  year : 

STATISTICS  OF  TRADE  OP  THK  PORT  OF  GEORGETOWN,  D.  C. 

Beccived  by  canal, 

Bitnminoufi  coal tons..      485,000 

Wheat bnshels..  l,400,rX)0 

Cora bushels..       200,000 

Flour barrehi..        20,000 

Received  by  river. 

Hard  coal tons..  25,000 

Wood cords..  3,(KK) 

Ice tons..  18,  (KK) 

Yellow  pine  lumber feet..  6,00(i,(K)0 

Shingles 1,0(K),(H)0 

Pickets  and  laths 4,0<X),(KX) 

Cedar  posts  ..    , 7, 0(H) 

Miscellaneous  (by  steamers) tons..  25,500 

Calcined  plaster barrels..  7,000 
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Lamp  piaster tons..  2,000 

Guano    tons..  7,500 

Salt sacks..  16,000 

Potatoes bushels..  10,000 

Wheat bushels..  150,000 

Fish  (Boston  packet) barrels..  10,000 

Miscellaneous  (Boston  packet) tons..  2,000 

Shipped  by  rirer. 

Bituminous  coal t-ons..        475,000 

Includinpf  flour  (by  steamers) tons..  33,750 

Empty  barrels 210,000 

STATISTICS  OF  TRADE  OP  THE  POUT  OF  WASHINGTON,    D.   C. 

Beceived  by  canal. 

Bituminous  coal  ^gas  company) tons..  6,000 

Bituminous  coal  (trade) tons..  40,000 

.   deceived  by  river. 

Bituminous  coal  (p^as  company) tons..  12,000 

Pipe  retorts  and  tire-brick  (gas  company) tons..  11,500 

Hard  coal  (trade) tons.,  150,000 

Wood(trade) cords..  25,000 

Ice  (trade)    tons..  35,000 

Oysters  (trade) bushels..  210,000 

Salt  fish barrels..  7,500 

Hay  and  straw tons..  7,000 

Potatoes- bushels..  12,000 

Yellow-pine  lumber feet..  15,000,000 

Laths  and  pickets 10,000,000 

Shingle* 6,000,000 

Posts 10,000 

Granite  and  other  stone tons..  4,600 

Miscellaneous  (by  steamers) tons. .  7, 000 

Miscellaneous  (by  ferry) tons..  1,500 

Shipped  by  river. 

Oil,  pitch,  and  tar  (gas  company) tons..  6,500 

Miscellaneous  (by  steamers) tons.-  14,000 

Other  misceUaneous  freight tons..  3,CK)0 

Emi)ty  barrels 30,000 

Also  a  largo  amount  of  fresh  fish,  watermelons,  sweet-potatoes,  and  other  vegetables. 

The  following  maps  and  plans  accompany  this  report : 

One  map  of  the  harbor  between  Easby^s  Point  and  the  Long  Bridge,  scale  tdW' 

One  map  of  harbor  below  Loug  Bridge  showing  Washington  Channel  and  adjacent 
flats,  scale  -jj-o^ffn-. 

One  general  map  of  the  harbor  showing  its  present  condition  and  the  proposed  im- 
provement. 

One  general  map  of  the  harbor  showing  its  condition  after  the  completion  of  the  pro- 
posed improvement. 

One  plan  showing  the  proposed  method  of  protecting  the  slope. 

Money  statement 

July  1,  1877,  amoimt  available ^,856  62 

Amount  appropriated  by  act  approved  June  18,  1878 50, 000  00 

$52,856  62 

July  1,  1878,  amount  expended  during  fiscal  year 2,778  40 

July  1,  1878,  amount  available 50,  078  22 

Amount  (estimated)  required  for  com])letion  of  existing  project 2, 592, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      244, 000  00 
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removal  of  rocks  at  outlet  of  the  chesapeake  and  ohio 
canal,  district  of  columbia. 

United  States  Engineer  Office, 

WMhingtan^  D.  0.,  Mareh  27, 1878. 
General:  In  accordance  with  the  instructions  contained  in  your 
letter  of  the  20th  instant,  I  have  the  honor  to  submit  a  report  upon  the 
following  resolution  of  the  House  of  Eepresentatives  of  March  14, 1878: 

Bcdolved,  That  the  Secretary  of  War  he,  and  he  is  herehy,  requested  to  ascertain 
the  probable  cost  of  the  removal  of  the  rocks  in  the  channel  of  the  Potomac  River 
between  Georgetown,  District  of  Columbia,  and  the  new  outlet  locks  of  the  Che8a- 
peake  and  Ohio  Canal,  above  said  Georgetown,  and  report  the  same  before  the  close 
of  the  present  session  of  Congress. 

One  of  the  rocks  referred  to  in  the  resolution  is  situated  in  front  of 
and  on  the  line  of  the  axis  of  the  incline  of  the  new  outlet  lock  of  the 
Chesapeake  and  Ohio  Canal,  and  about  250  feet  distant  from  the  foot  of 
the  incline.  A  part  of  the  rock  is  above  low- water,  the  depth  on  the 
remainder  varying  from  1  to  10  feet  at  low- water.  The  depth  of  water 
between  the  rock  and  the  shore  is  from  11  to  12  feet,  and  between  the 
rock  and  the  foot  of  the  incline  from  16  to  18  feet.  Canal-boats  can  be 
taken  into  the  main  part  of  the  river  by  either  of  two  channels  around 
this  rock,  but  with  a  large  amount  of  business  it  would  doubtless  be 
found  a  serious  obstruction  to  the  safe  handling  of  boats  and  tugs. 

A  special  examination  of  the  rock  has  been  made,  and  a  bench-mark 
for  low-water  established  at  the  lock. 

The  depth  required  for  tug-boats  is  9  feet  at  low- water,  and  an  esti- 
mate has  therefore  been  made  for  the  removal  of  the  rock  to  the  9-feet 
curve.    The  estimated  amount  of  rock  excavation  is  1,600  cubic  yards. 

In  the  determination  of  the  probable  cost  of  this  work,  the  bids  re- 
ceived for  similar  work  in  Georgetown  Harbor  in  1875  have  been  taken 
as  a  basis.  These  bids  ranged  from  $19  to  $37  i)er  cubic  yard.  The 
work  was  executed  at  a  cost  below  the  lowest  bid,  by  hired  labor  and 
machinery  borrowed  from  another  work.  Experience  demonstrated, 
however,  that  a  contractor  could  not  have  purchased  machinery  and 
done  the  work  for  $19  a  cubic  yard.  The  average  cost  per  yard,  includ- 
ing labor,  materials,  repairs,  and  transfer  of  machinery,  but  not  includ- 
ing cost  of  machinery  ($11,100),  was  $14.36.  For  the  work  now  proposed 
new  machinery  would  have  to  be  i>urchased  or  the  work  done  by  con- 
tracit,  and  it  has  therefore  been  deemed"  ad\isable  to  estimate  the  cost 
at  $25  a  cubic  yard. 

The  estimate  will  then  be  as  follows : 

1,600  cnhic  yards  rock  excavation,  at  ^25 |40,000  00 

Contingencies,  10  per  cent 4,000  00 

44,000  00 

There  are  other  rocks  near  the  left  bank  of  the  river,  and  about  1,G00 
feet  below  that  at  the  lock,  which  would  be  somewhat  in  the  way  of 
boats  towed  along  the  bank.  They  are,  however,  inside  the  harbor  line 
proi)osed  by  the  board  of  survey  in  their  rei)ort  upon  the  improvement 
of  the  harbors  of  Wasliingt<m  and  Georgetown,  December  12,  1872,  and 
it  would  be  more  economical  to  build  a  tow-path  along  tliis  line  than  to 
attempt  t]ie  removal  of  the  rocks.  Xo  estimate  for  the  work  ha«  there- 
fore been  made. 

Very  respectfully,  your  obedient  servant^  S.  T.  Abert, 

United  States  Civil  Engineer. 


Brig.  Gen.  A.  A.  Humphreys 


i 


Chief  of  Engineers^  U.  8.  A. 
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G  2. 

IMPROVEMENT  OF  ACCOTINK  CREEK,  VIRGINIA. 

!N"o  work  has  been  done  upon  this  improvement  since  April,  1873, 
when  a  channel  was  completed  from  the  town  of  Accotink  to  a  point  in 
Accotink  Bay,  IJ  miles  below  the  town. 

A  part  of  the  channel  was  25  feet  wide  and  4  feet  deep,  and  the  re- 
mainder 40  feet  wide  and  2^  to  3  feet  deep.  At  the  date  of  the  last 
annual  report  this  channel  had  filled  in  so  that  the  depth  was  only  from 
2  J  to  3  feet  at  low-water. 

For  this  reason  the  amount  of  trade  is  small,  being  about  the  same  as 
reported  last  year.  Ko  examination  has  been  made  during  the  year,  as 
no  funds  have  been  available.  An  appropriation  of  $5,000  was  made  June 
10,  1872,  which  was  expended  under  the  direction  of  Colonel  CraighiU. 

The  amount  needed  to  complete  the  work  according  to  the  original 
estimate  is  $14,000.  For  a  channel  100  feet  wide  and  6  feet  deep  in  the 
bay,  and  50  feet  wide  and  6  feet  deep  in  the  upper  part  of  the  creek, 
$22,000  would  be  required. 

Accotink  is  in  the  coUection-district  of  Alexandria,  which  is  the  nearest  port  of 
entry. 


G3. 

IMPROVEMENT  OF  OCCOQUAN  RIVER,  VIRGINIA. 

An  appropriation  of  $10,000  wa«  made  in  the  river  and  harbor  act 
approved  June  18,  1878,  for  the  completion  of  this  improvement.  It  is 
proposed  to  expend  this  amount  in  the  excavation  of  a  channel  at  the 
mouth  of  the  river,  either  in  the  old  line  or  a  new  line  more  nearly  in 
the  direction  of  the  tidal  currents.  The  channel  above  the  railroad 
bridge  is  reported  in  good  condition,  and  the  advisability  of  the  con- 
struction of  the  dike  proposed  at  this  point  will  depend  upon  the  depth 
wliich  the  river  L8  found  to  have  maintained  at  this  point. 

The  original  estimate  was  $18,000.  Owing  to  the  fact  that  the  work 
has  extended  over  several  years,  and  to  additional  work  which  has  been 
needed,  the  estimate  for  the  entire  work  has  been  increased  to  $25,000. 
The  following  appropriations  have  been  made : 

March  3,  1873 $5,000  00 

June  23,  1874 5,000  00 

March  3,  1875 5,000  00 

June  18,  1878 10,000  00 

No  further  appropriations  for  this  work  are  required. 

Occoquan  is  in  the  coUection-district  of  Alexandria,  which  is  also  the  nearest  port 
of  entry. 

The  following  statistics  of  the  trade  of  the  river  have  been  furnished 
by  Mr.  J.  T.  Janney  of  Occoquan : 

KBCEn^TS. 

12,691  bushels  wheat,  valued  at (17,493  88 

11,746  bushels  com,  valued  at 1,259  10 

Estimated  amount  of  merchandise  received  by  eight  stores,  valued  at ... .      30, 000  00 

48,752  98 
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SHIPMENTS. 

4,187  barrels  flour,  valued  at $27,215  00 

10,000  bushels  mill  offal,  valued  at 2,000  00 

30,000  pounds  sumac,  valued  at 350  00 

8,^00  cords  wood,  valued  at 26,600  00 

Wharf  and  bridge  piles,  and  lumber,  valued  at 10, 000  00 

200,000 hogsheacl-hoops,  valued  at i...  7,250  00 

60,000  barrel-hoops,  valued  at 600  00 

16,000  cedar  posts,  valued  at 2,300  00 

2,000  dozen  eggs,  valued  at 250  00 

76,565  00 

Money  statement 

July  1,  1877,  amount  available J202  01 

Amount  appropriated  by  act  approved  June  18,  1878 10,000  00 

$10,202  01 

July  1,  1878,  amount  expended  during  fiscal  year 202  01 

July  1,  1878,  amount  available 10,000  00 


G4- 

IMPROVEMENT  OF  AQUIA  CREEK,  VIRGINIA. 

The  completion  of  this  work  was  provided  for  by  the  appropriation  of 
$5,()00  in  the  act  of  June  18,  1878.  A  channel  had  been  excavated 
through  the  shoalest  part  of  the  creek  above  the  railroad-bridge,  the  laat 
work  ha\ing  been  completed  in  September,  1875,  since  which  date  no 
examination  had  been  made  for  want  of  funds.  As  the  present  appro- 
l)riation  is  explicitly  stated  in  the  act  to  be  for  "  completing  the  improve- 
ment^" the  work  will  be  conducted  with  this  object  in  \iew. 

It  18  therefore  proposed  to  dredge  a  channel  5  feet  deep,  and  of  such 
width  as  the  funds  will  permit,  through  the  portions  of  the  creek  above 
and  below  the  railroad-bridge  still  needing  improvement. 

Appropriations  have  been  made  as  follows: 

June  10,  1872 $1,500  00 

March  3,  1873 2,000  00 

March  3,  1875 2,000  00 

June  18, 1878 5,000  00 

The  estimate  for  the  entire  work  was  $20,000. 

Aquia  Creek  is  in  the  collection-district  of  Alexandria,  which  is  the  nearest  port  of 
entry. 

Money  st4itemenU 

Amount  appropriated  by  aet  approved  June  18, 1878 $5,000  00 

July  1,  1878,  amount  available 5,000  00 


G  5. 

IMPROVEMENT  OF  NOMINI  CREEK,  VIRGIXU. 

No  work  has  been  done  on  this  improvement  during  the  year,  no  ap- 
propriation having  been  made.  The  hvst  dredging  operations  were  sus- 
pended in  September,  1876,  the  fands  having  been  then  exhausted.  As 
stated  in  the  last  report,  the  channel  should  be  still  further  widened  and 
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deepened,  to  obviate  the  effects  of  high  winds  and  cross  currents  which, 
owing  to  its  exposed  i>o8ition,  tend  to  fill  it  up.  The  present  channel  is 
not  as  wide  as  originally  contemplated,  and  the  passage  of  steamers 
through  tlie  unfinished  cut  causes  the  material  to  wash  from  the  slopes 
into  it,  so  that  it  will  need  to  be  deepened  as  well  as  widened  to  meet 
the  wants  of  navigation. 

For  this  work  an  appropriation  of  $10,000  is  recommended. 

The  original  estimate  was  $20,000.  Owing  to  the  deterioration  of  the 
channel,  its  exposed  position,  and  the  small  appropriations  made,  it  has 
been  necessary  to  do  more  work  than  was  originally  estimated  for,  so 
that  the  total  estimate  as  revised  is  $31,000. 

The  following  amounts  have  been  appropriated: 

March  3,  1873 $10,000  00 

June  23,  1874 6,000  00 

March  3,  1875 5,000  00 

An  appropriation  of  $10,000  is  now  recommended,  and  it  is  important 
that  it  all  should  be  appropriated  at  one  time. 

The  trade  has  materially  increased  since  this  improvement  has  been 
commenced.  Two  steamboats  now  pass  regularly  through  the  channel, 
each  making  semi-weekly  trips  to  Washin^on.  Increased  facilities  for 
transportation  have  been  extended  to  the  large  section  of  country  of 
which  this  stream  is  the  natural  outlet,  and  the  beneficis^  results  of  the 
improvement  have  been  very  marked. 

Money  statement 

Amount  (estimated)  required  for  completion  of  existing  project $10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1860 .      10, 000  00 


G6. 

IMPROVEMENT  OF  RAPPAHANNOCK  RIVER,  VIRGINIA, 

At  the  date  of  the  last  annual  report  dredging  operations  were  in  prog- 
ress at  Fredericksburg  Bar.  These  were  completed  July  20,  1877,  the 
total  amount  of  excavation  being  22,828  cubic  yards  j  353^  feet  of  dike 
were  also  built.  A  channel  50  feet  wide  and  9  feet  deep  at  low-water 
was  dredged  from  the  steamboat  wharf  at  Fredericksburg  to  Deep  Eun^ 
at  the  lower  end  of  the  bar. 

The  surveys  of  the  last  three  years  show  that  new  deposits  of  sand  on 
this  bar  take  place  at  about  the  same  localities  each  year.  It  is  probable 
that  this  tendency  can  be  to  a  great  extent  corrected  by  the  dikes  which 
it  is  proposed  to  construct  during  the  present  season,  and  which  will 
also  serve  as  places  of  deposit  for  the  dredged  material. 

The  dredging  already  executed  has  resulted  in  a  general  improvement 
of  the  lower  part  of  the  bar  as  compared  with  its  condition  in  1873.  The 
difficulties  of  accomplishing  permanent  results  on  this  part  of  the  river 
have  been  due  to  the  fact  that  it  is  nearly  at  the  head  of  tide-water,  and 
also  to  the  action  of  freshets  causing  a  deposit  of  sand  brought  down 
from  the  river  valley  above.  For  this  reason  an  annual  appropriation 
for  dredging  this  bar  has  been  recommended^ 

As  comparatively  permanent  results  seem  likely  to  be  secured  on  at 
least  the  greater  part  of  Fredericksburg  Bar  by  the  operations  proposed, 
the  improvement  of  the  river  below  Fredericksburg  can  now  be  resumea 
with  advantage. 
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The  work  remaining  to  be  done  in  order  to  complete  the  present  plan 
of  improvement  is  as  follows: 

Spottswood  Bar,  widening  and  deepening  channeL 
Castle's  Ferry  Bar,  dredging  channel. 
Farleyyale  Reach,  dredging  channel. 
Nanzatico  Reach,  dredging  and  dike. 
Naylor's  Hole,  diedging  and  dike. 

These  obstructions  have  been  fully  described  in  former  reports.  The 
estimated  cost  of  a  channel  100  feet  wide  and  10  feet  deep  at  low- water 
through  the  bars  and  shoals  between  Tappahannock  and  Fredericks- 
burg is  $50,000,  and  it  is  recommended  that  $30,000  be  appropriated  for 
the  next  Hscal  year. 

An  appropriation  of  $13,500  was  made  June  18, 1878,  for  the  continu- 
ation of  the  work.  Two  dikes  will  be  built  during  the  present  season, 
one  extending  from  the  lower  wharf  down  the  river  on  the  right  bank 
and  the  otlier  on  the  left  bank  in  the  lower  i)art  of  Fredericksburg 
Reach. 

The  balance  of  this  appropriation  will  be  applied  to  dredging  at  points 
where  the  channel  has  shoaled. 

Appropriations  have  been  made  as  follows: 

March  3,  1871 $15,000  00 

Jnne  10,  1872 15,000  00 

March  3,  1873 15,000  00 

Jnne  23,  1874 7,000  00 

March  3,  1875 5,000  00 

August  14,  1876 10,000  00 

June  18,  1878 13,500  00 

Money  statement 

July  1,  1877,  amount  available,  not  including  $631.62  due  on 

contract 1 $2,287  39 

Amount  appropriated  by  act  approved  June  18,  1878 13, 500  00 

$15,787  39 

July  1,  1878,  amount  expended  during  fiscal  year,  not  including  $631.62 
due  on  contracts  and  also  paid 2, 287  39 

July  1,  1878,  amount  available 13,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     30, 000  00 


G7. 

IMPROVEMENT  OF  LEONARDTOMTN  HARBOR,  MARYLAND. 

The  act  of  June  18, 1878,  making  appropriations  for  the  improvement 
of  rivers  and  harbors  contained  a  pfro\ision  for  the  commencement  of 
the  improvement  of  the  harbor  of  Leonardt^own,  in  Breton  Bay,  Mary- 
land, by  an  appropriation  of  $5,000,  A  survey  of  this  harbor  was  made 
in  December,  1874,  under  the  direction  of  Maj,  William  P.  Craighill.  Corps 
of  Engineers,  and  a  report  upon  the  same,  with  an  estimate  of  tlie  cost 
of  improvement,  was  made  by  him  June  19, 1875.  (Eeport  of  Chief  of 
Engineers  for  1876,  Part  II,  page  108.) 

Leonardtown  is  situated  at  the  head  of  navigation  of  Breton  Bay,  and 
is  the  county  seat  of  Saint  Mary's  County,  Maryland.  It  is  a  popular 
place  of  summer  resort,  and  is  in  the  midst  of  a  very  productive  country, 
whose  trade,  in  the  absence  of  any  other  means  of  communication,  finds 
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its  outlet  by  shipment  from  Leonardtown  and  the  bay.  There  are  two 
lines  of  steamers  connecting  Leonardtown  with  Washington,  D.  C,  and 
one  with  Baltimore,  each  making  two  trips  a  week. 

The  obstruction  to  navigation  consists  in  an  insufficient  depth  of  water 
between  the  wharf  at  the  foot  of  the  main  street  of  Leonardtown  and  a 
point  in  the  bay  one-half  mile  below.  But  five  feet  of  water  can  be  car- 
ried to  this  wharf,  owing  to  this  deposit,  which  is  soft  mud  and  easily 
dredged. 

Estimates  were  submitted  in  the  report  above  referred  to,  for  several 
channels  of  varying  widths  and  depths.  In  view  of  the  increased  trade, 
and  the  need  of  a  considerable  width  of  channel  for  turning  of  steamers, 
as  well  as  the  soft  nature  of  the  bottom,  I  recommended,  in  submitting  a 
project  for  this  work,  that  the  largest  channel,  150  feet  wide  and  9  feet 
deep  at  low- water,  be  taken  as  the  basis  of  operations.  This  recommen- 
dation having  been  approved  by  the  Chief  of  Engineers,  the  appropria- 
tion of  $5,000,  made  June  18, 1878,  will  be  applied  to  dredging  so  much 
of  this  channel  as  the  funds  will  permit. 

The  balance  required  to  complete  the  improvement  according  to  the 
original  estimate  is  $25,000,  and  it  is  recommended  that  at  least  $15,000 
be  appropriated  for  the  year  ending  June  30, 1880,  in  order  that  the  work 
may  be  done  at  more  reasonable  rates. 

Money  statement. 

Amount  appropriated  by  act  approved  June  18,  1878  ...•••... •••  9^,  000  00 

July  1,  1878,  amount  available 5,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 25, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jime  30, 1880..  15, 000  00 


G  8. 

IMPROVEMENT  OF  HAMPTON  RIVER,  VIRGINIA. 

An  appropriation  of  $10,000  was  made  in  the  act  approved  June  18, 
1878,  for  this  improvement.  The  obstruction  to  navigation  is  a  bar  which 
is  found  at  the  mouth  of  the  river  where  it  enters  Hampton  Eoads,  about  2 
miles  from  Fortress  Monroe.  A  survey  of  the  bar  was  made  in  1874,  and 
a  report  upon  the  same  with  an  estimate  of  the  cost  of  its  improvement 
w^as  made  February  22, 1875.  The  least  depth  of  water  over  the  bar  is 
4J  feet.  It  is  proposed  during  the  present  season  to  dredge  a  channel 
fiM)m  8  to  9  feet  deep  at  low- water,  with  such  width  as  the  funds  may 
permit.  The  bar  is  formed  largely  of  sand.  The  statistics  collected  at 
the  time  the  survey  was  made  show  that  Hampton  has  a  thriving  trade, 
the  river  being  the  outlet  for  the  trade  of  three  counties.  I  respectfully 
refer  to  the  rei)ort  above  mentioned  for  fuU  statistics  of  the  trade  and 
details  of  the  results  of  the  survey.  (Report  of  Chief  of  Engineers,  1875, 
Part  n,  page  152.) 

The  original  estimate  of  the  cost  of  the  improvement  was  $16,000. 
The  amount  appropriated  June  18, 1878,  was  $10,000,  leaving  $6,000  as 
the  amount  requir^  for  the  completion  of  the  improvement. 

Money  statement. 

Amount  appropriated  by  act  approved  June  18, 1878 |10, 000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  reauired  for  completion  of  existing  project 6, 000  00 

Amoont  that  can  be  prontably  expended  in  fiscal  year  ending  June  30,  1880.      6, 000  00 

33  E 
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G  9. 

IMPROVEMENT  OF  ELIZABETH  RIVER,  VIRGINIA. 

The  work  of  the  last  year  under  the  appropriation  of  August  14, 1876, 
has  been  the  excavation  of  a  cut-off  near  the  lock  of  the  Albemarle  and 
Chesapeake  Canal,  and  the  widening  of  the  gap  about  three-fourths  of 
a  mile  below,  which  was  commenced  August  13, 1877.  The  cut-off  was 
50  feet  in  average  width ;  its  depth  was  11  to  12  feet  below  the  adjacent 
marsh,  or  7  to  8  feet  below  low- water.  The  material  found  was  largely 
sand,  with  some  marsh  soil  and  stumps ;  12,560  cubic  yards  of  material 
were  excavated,  measured  in  bank.  The  cut-off  effected  the  result  in- 
tended, which  was  to  decrease  the  velocity  of  the  tidal  current  at  the 
lock  so  as  to  enable  vessels  to  enter  it  safely. 

The  gap  was  widened  20  feet,  with  a  slope  on  its  left  bank,  and  the 
passage  of  steamers  and  long  tows  has  thereby  been  greatly  facilitated. 
Five  thousand  one  hundred  and  seventy-nine  cubic  yards  of  material 
were  removed.    The  work  was  completed  ^November  13, 1877. 

The  work  remaining  to  be  done,  for  which  the  appropriation  of  June 
18, 1878,  was  asked,  is  deepening  the  approaches  to  tiie  gap,  and  the 
excavation  of  a  channel  through  a  bar  below  the  same. 

The  original  estimate  for  tlus  river  was  $25,000,  but  owing  to  the  in- 
crease of  traffic  and  na%igation  a  more  liberal  system  of  improvement 
than  that  at  first  proposed  has  been  found  necessary,  increasing  the  total 
estimate  to  $40,000.  This  amount  has  been  appropriated  and  no  further 
expenditure  is  required  at  the  present  time. 

Appropriations  have  been  made  as  follows : 

March  3,  1873 |15,000  00 

June  23,  1874 10,000  00 

March  3,  1875 5,000  00 

August  14,  1876 5,000  00 

June  18,  1878 5,000  00 

Elizabeth  River  ib  in  the  collection-district  of  Norfolk. 

The  principal  shipments  to  Norfolk  during  the  year  ending  Septem- 
ber 30, 1877,  were : 

Bales  of  cotton 63,475 

Barrels  of  fish 14, 175 

Barrels  of  naval  stores 16, 259 

Bushels  potatoes 28,355 

Barrels  com 591,724 

Railroad-ties 32,521 

Latlis 1,067,500 

Feet  of  lumber 31,589,516 

Shingles 31,822,525 

Staves 672,7:J9 

Passengers 1,840 

^N^umber  and  class  of  vessels  passed  through  Elizabeth  River  for  the 
year  ending  September  30, 1877,  were : 

Steamers 2,376 

Schooners 1,  026 

Sloops 50r^ 

Barges 344 

Lighters 5^7 

Boats 277 

Rafts 12:J 

Total 5,841 
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Money  statement. 

July  1,  1877,  amount  available $4,989  89 

Amouut  appropriated  by  act  approved  June  JL8,  1878 5, 000  00 

$9, 989  89 

July  1,  1878,  amount  exi)ended  during  fiscal  year 4,721  94 

July  1, 1878,  amount  available 5,267  95 


Gzo. 

IMPROVEMENT  OF  NORFOLK  HARBOR,  VIRGINIA. 

During  the  past  fiscal  year  a  channel  has  been  dredged  through  the 
bar  at  the  mouth  of  the  eastern  branch  of  Elizabeth  Biver,  in  the  most 
important  part  of  the  harbor,  under  the  appropriation  of  $35,000  made 
August  14, 1876,  this  being  the  first  appropriation  made  for  this  imjirove- 
ment. 

Tlie  contract  for  this  work  was  awarded  to  Mr.  Sidney  F.  Shelbourne, 
of  !N"ew  London,  Conn.,  the  lowest  bidder.  The  dat«  fixed  for  the  com- 
mencement of  the  work  was  September  15,  but  Mr.  Shelbourne  asked  an 
extension  of  time  to  repair  his  dredges,  which  was  granted. 

Messrs.  George  C.  Fobes  &  Co.,  of  Baltimore,  Md.,  submitted  a  power 
of  attorney  from  Mr.  Shelbourne  for  the  execution  of  this  work,  and  by 
authority  of  the  Chief  of  Engineers  the  work  was  done  by  them  under 
this  power. 

Work  was  commenced  October  15,  1877,  with  one  large  "clam-shell'' 
dredge,  and  continued  through  the  entire  winter,  with  remarkably  favor- 
able weather,  until  April  3, 1878,  when  the  channel  was  completed  as 
far  as  the  funds  allowed,  having  a  depth  of  from  20  to  22  feet  at  low- 
water,  and  an  average  width  of  530  feet.  The  material  found  was  a  soft 
l)lue  mud.  It  was  deposited  on  Craney  Island  Flats,  at  a  distance  of  6J 
miles.  Three  tugs  were  used,  two  for  towing,  and  one  as  a  tender.  The 
total  amount  of  dredging  was  284,898  cubic  yards,  and  the  daily  aver- 
age, including  time  lost  for  repairs,  &c.,  1,938  cubic  yards,  or,  for  actual 
dredging  time,  2,766  cubic  yards.  The  channel  thus  excavated  has 
proved  very  beneficial  to  the  commerce  of  the  port,  enabling  vessels  of 
Seep  draught  to  pass  to  any  part  of  the  harbor.  For  tne  completion  of  this 
paiticular  channel,  and  the  removal  of  wrecks  near  it,  the  sum  of  825,000 
-was  recommended  in  the  last  annual  rei)ort.  Keference  was  also  made 
in  that  rejwrt  to  the  proposed  plan  for  the  general  improvement  of  the 
liarbor  and  its  approaclies.  under  consideration  by  the  United  States 
Advisory  Board  to  the  Haroor  Commissioners  of  Norfolk. 

The  final  recommendations  of  the  board  have  since  been  made,  and 
were  referred  to  me  by  your  letter  of  May  15.  An  estimate  for  the  en- 
tire improvement  was  submitted  in  my  report  of  May  16  (Senate  Ex. 
Doc.  Xo.  88,  Forty -fifth  Congress,  second  session),  and  is  also  given 
below. 

The  plan  of  imi)rovement  is  as  follows :  In  the  immediate  harbor  it  is 
proposed,  in  addition  to  the  work  already  executed,  to  deepen  and  widen 
the  channel  at  the  mouth  of  the  Southern  Branch,  and  along  the  Berk- 
ley and  Portsmouth  Flats.  For  the  approaches  to  the  harbor  it  is  recom- 
mended that  a  chaimel  500  feet  wide  and  25  feet  deep  at  low- water  be 
excavated  at  Se wall's  Point  near  Hampton  Boads,  and  opposite  the  mouth 
of  the  Western  Branch  (of  Elizabeth  Kiver),  where  bars  have  formed. 
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The  following  is  the  estimated  cost  of  the  proposed  improvement,  in 
addition  to  the  work  already  executed : 

ESflMATE* 

In  the  immediate  harbor • $113)  ^^ 

Between  Norfolk  aud  Hampton  Roads 205,755 

Total 317,955 

The  execution  of  this  improvement  will  afford  access  to  Korfolk  Har- 
bor for  the  largest  class  of  vessels  engaged  in  commerce  and  give  in- 
creased harbor  accommodations  for  the  trade  of  the  port.  The  export 
values  of  Norfolk  shipments  increased  six-fold  fix)m  1873  to  1876,  and 
are  now  from  $6,000,000  to  $7,000^000  a  year. 

In  my  rei)ort  of  1875  upon  this  miprovement  it  was  stated  that — 

The  harbor  of  Norfolk,  taken  in  connection  with  the  excellent  anchorage  in  Hamp- 
ton Roads,  has  justly  been  regarded  as  one  of  the  finest  on  the  continent.  The  depth 
of  its  channels,  security  of  its  anchorage,  capacity,  freedom  from  ice,  facility  of  en- 
trance and  departure,  combined  with  a  central  geographical  position  at  the  mouth  of 
the  largest  bay  in  the  country,  confer  on  it  an  unquestionable  superiority. 

There  are  steamboat  and  steamship  lines  connecting  this  i)ort  with  the 
sounds  of  Korth  Carolina,  and  its  extensive  system  of  inland  transpor- 
tation, the  cities  of  Kichmond,  Baltimore,  Providence,  New  York,  and 
Boston,  and  two  railroads  connecting  Norfolk  with  the  South  and  South- 
west. 

The  principal  shipments  are  cotton,  oysters,  lumber,  ^arly  fruits,  and 
vegetables. 

The  improvement  projected  would  greatly  increase  the  value  and  im- 
I)ortance  of  the  nav:y'-yard  at  Portsmouth  by  rendering  it  accessible  to 
the  largest  class  of  vessels  at  all  stages  of  the  tide. 

The  act  of  June  18, 1878,  appropriated  850,000  for  the  continuation  of 
this  improvement.  It  is  proi)osed  to  apply  this  sum  to  the  completion 
of  the  channel  at  the  mouth  of  the  Eastern  Branch,  and  the  commence- 
ment of  the  work  contemplated  in  the  above  estimate  for  the  harbor  and 
its  approaches.  At  least  $100,000  should  be  appropriated  each  year,  in 
order  that  each  channel  may  be  completed  during  the  season  in  which  it 
is  commenced,  and  the  work  thereby  be  most  advantageously  and  eco- 
nomically executed. 

The  following  statistics  exhibit  fully  the  importance  of  the  trade  of 
Norfolk. 

Foreignrhound  shipping. 


Tear. 

Knmberof 
bottoms. 

Tonnage. 

Ig73 

71 
96 

U9 
94 

118 

30,613 

1874 

51.139 

Ig75              

53,683 
65,504 

1876 

1877 

62, 068 

Xotal      

483 

263,03*2 

Coaatteise  clearances. 


Year. 


1873 

1874 

1875 

1878 

1877 

Total 


Tonnage. 


1,021.876 
1,119,029 

968,271 
1, 104, 747 

973,898 


5,187,821 


Crew. 


28^368 
80,606 
25,886 
28,800 
24,581 


139.120 


Komberof 
bottoma. 


Lora 

1,18$ 

1.022 

tOTS 

Ml 


5.a«> 
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STATEMENT  OF  EXPORT  VALUES. 

1873 $1,267,769 

1874 3,906,318 

1875 6,243,972 

1876 7,825,112 

1877 6,278,933 

Total.., 25,522,904 

The  following  is  a  statement  of  exports,  &c.,  of  this  i)ort  for  fiscal 
year  ending  June  30, 1878 : 

Yalae  of  ezporto—cotton,  staves,  grain,  and  miscellaneous  articles,  $8,709,085. 

Entrances,  coastwise. 996 

Entrances,  foreign 46 

Clearances,  coastwise..... 957 

Clearances,  foreign 1 116 

Total 2,115 

The  following  appropriations  have  been  made  for  this  work : 

August  14, 1876 $35,000  00 

June  18,  1878 50,000  00 

Money  statement 

July  1,  1877,  amount  available $34,710  85 

Amount  appropriated  by  act  approved  June  18,  1878 50, 000  00 

$84, 710  85 

July  1,  1678,  amount  expend^  during  fiscal  year 31, 405  07 

July  1,  1878,  amount  available 53,305  78 

Amount  (estimated)  required  for  completion  of  existing  project 293, 000  00 

Amount  tiiat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    100, 000  00 


liETTEB    OP    GHAIBMAN    OF    UNITED    STATES    ADVISOBY    BOARD    TO 
HABBOB  GOMMISSIONEBS  OP  NOBFOLK  AND  POBTSHOUTH. 

WASHINGTON,  D.  0.,  May  6,  1878. 

Sm :  Having  completed  onr  duties  in  regard  to  the  establishment  of 
the  port- warden  lines  of  the  occupied  portions  of  the  harbor  of  Norfolk, 
we  have  had  under  consideration  a  plan  for  the  general  improvement 
of  the  harbor  and  its  approaches.  We  find  that  from  various  causes 
there  has  been  of  late  years  a  decrease  in  the  width  and  also  in  the 
depth  of  the  channel,  and  that  the  harbor  itself  has  been  gradually 
shoaling.  These  changes  are  due  to  the  deflection  of  the  natural  forces 
of  the  current  in  some  sections,  owing  to  the  undue  extension  of  ceriiain 
points,  to  the  erection  of  bridges  and  obstructions  sunk  in  the  channel- 
way  during  the  late  war,  and  for  the  want  of  proper  police  regulations 
heretofore  to  prevent  the  harbor  being  used  indiscriminately  as  a  dump- 
ing-ground for  all  kinds  of  dibris  from  vessels  at  anchor  in  the  harbor  or 
seciSed  to  its  wharves.  These  are  some  of  the  principal  causes  which, 
combined,  have  impaired  to  some  degree  one  of  the  finest  natural  har- 
bors in  the  country. 

To  restore  the  integrity  of  the  harbor,  and  to  make  it  subservient  to 
the  increasing  wants  of  commerce,  will  require  extensive  dredging,  in- 
volving liberal  exi)enditures. 

The  general  government  has  here  the  most  important  naval  station 
south  of  New  York,  and  upon  which  millions  of  dollars  have  already  been 
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expended.  Located  upon  a  site  selected  by  the  fathers  of  the  Kavy,  by 
reason  of  its  great  natural  advantages,  in  close  proximity  to  the  pitchy 
tar,  turi)entine,  and  lumber  and  ship's  timber  regions  of  the  South,  and  ta 
the  coal  and  iron  districts  of  both  the  Virginias,  admirably  protected  by 
its  remoteness  from  the  sea  from  any  hostile  demonstrations  from  \dth- 
out,  with  a  cUmate  where  labor  yields  its  best  returns,  and  where  skilled 
labor  abounds,  and  accessible  at  all  seasons  of  the  year  by  its  freedom 
from  ice  of  sufficient  thickness  to  obstruct  its  free  navigation,  its  claims 
to  favorable  consideration  assert  themselves,  and  require  no  argument 
to  make  them  manifest  The  importance  of  the  harbor  of  Korfolk  can- 
not be  overestimated  either  in  a  national  or  commercial  regJird. 

Left  helpless  and  prostrate  from  the  effects  of  the  war,  with  its  com- 
merce, its  industries,  and  its  wealth  almost  annihilated,  Norfolk  is  to-day 
one  of  the  principal  cotton  marts  of  the  world,  and  Tvith  its  railroad  con- 
nections extending  landward  in  every  direction,  its  imrivaled  situation, 
its  splendid  lines  of  steamers  to  Europe,  Xew  York,  Boston,  Providence, 
Baltimore,  and  Richmond,  and  its  steam  connections  with  Philadelphia 
and  coastwise  in  almost  every  direction,  together  with  an  inland  com- 
munication by  means  of  the  Chesapeake  and  Albemarle  Canal  almost 
continuous  to  the  Gulf  of  Mexico,  all  combine  to  make  it  a  most  impor- 
tant point  for  the  interchange  of  the  manufactures  and  products  of  the 
North  and  of  the  Old  World  with  the  virgin  ;yield  of  the  South  and 
West. 

In  oiu*  recommendation  for  the  improvement  of  the  harbor  and  its 
approaches,  we  have  not  merely  considered  the  necessities  of  the  present, 
important  as  they  are,  but  also  have  endeavored  to  submit  a  plan  which 
will  meet  the  requirements  of  the  future,  when  the  whole  country,  which 
is  now  but  in  a  chrysalis  condition,  shall  be  fairly  i)eopled,  and  the 
fruitfid  territories  of  the  South  and  the  West  measurably  developed. 

I  have  the  honor  to  submit  in  this  connection  a  copy  of  the  third 
report  of  our  advisory  board  in  duplicate. 
Very  respctftiUy, 

T.  H.  Stevens, 
Commodore,  U.  8.  ^.,  Chairman  U,  8.  Advisory  Board  to 

Harbor  Commimioners  of  Norfolk  and  Portsnwuth, 

Hon,  Geo.  W.  McCrary, 

8ecretary  of  War, 


report  of  the  united  states  advisory  board. 

Washington,  D.  C,  May  6, 1878. 

Dear  Sir  :  In  our  report  of  January,  1877,  we  recommended  the  deep- 
ening below  the  mouth  of  the  Southern  Branch  and  upon  the  margin  of 
the  Portsmouth  Flats  as  projects  of  improvement  to  be  undertaken  sub- 
sequent to  the  removal  of  shallow  ground  in  the  approaches  to  the  har- 
bor, but  posti)oned  further  remarks  upon  this  last-named  project  with 
the  hope  that  our  inquiries  into  the  history  of  those  outer  shoals  would 
assist  us  in  forming  a  proper  judgment  as  to  the  width  of  channel  that 
could  be  used  and  maintained  most  economically.  We  have  not  been  as 
successful  in  these  inquiries  as  we  had  hoped,  but  we  have  decided  to 
make  the  following  recommendations,  viz  : 

1st.  That  the  outer  bar  oi)posite  and  above  SewalPs  Point  should  be 
deepened  to  25  feet  at  mean  low-water  for  a  distance  of  8,400  feet  and 
a  vridth  of  500  feet,  including  slopes  of  repose.    To  accomplish  this  the 
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gross  amount  of  dredging  require<l  would  be  400,000  cubic  yards,  with 
an  average  cut  of  something  less  than  1  yard  and  a  maximum  cut  of  IJ 
yards. 

2d.  Tliat  the  bar  opposite  the  mouth  of  Western  Branch  shoidd  be 
deepened  to  25  feet  at  mean  low- water  for  a  distance  of  4,800  feet  and  a 
width  of  500  feet,  including  slopes  of  repose.  The  <lre*lging  would  here 
amount  to  300,000  cubic  yards,  the  average  cut  being  Ij^  yiuxls  and  the 
maximum  cut  1^^  yards. 
Verj'  respectfully, 

T.  H.  Stevens, 
Canimodorej  U.  8.  X.^  Chairman  of  U.  8.  Advisory  Board  to 
Harbor  Commissioners  of  Norfolk  and  Portsmouth^ 

Chas.  B.  Phillips, 

Captain  of  Engineer Sj 
Heney  Mitchell, 

U.  8,  Coast  8urveyj 
Members  of  TJ.  8.  Advisory  Board^  ikc,^  dr.,  &c. 
Charles  Eeid,  Esq., 

President  State  Harbor  Co^nmissi&n 

of  Norfolk  and  Ports^mouthj  Ya, 


BEPOBT  of  MB.  S.  T.  ABEBT,  UNITED  STATES  dVIL  ENGHNEEB. 

United  States  Engineeb  Office, 

Washingtmj  D.  C,  May  16, 1878. 

Genebal:  I  have  the  honor  to  acknowledge  the  receipt  of  your  let- 
ter of  the  15th  instant,  referring  the  third  report  of  United  States  Ad- 
\a8ory  Board  to  the  Harbor  Commissioners  of  Norfolk  and  Portsmouth, 
relative  to  a  i)lan  for  tiie  improvement  of  the  harbor  of  Norfolk,  for  re- 
port and  estimate,  in  connection  with  the  improvement  now  in  progress, 
and  would  respectfully  submit  the  following  report : 

The  Advisory  Board  have  submitted  three  reports  in  relation  to  the 
establishment  of  port-warden  lines  within  the  harbor  of  Norfolk  and  to 
the  improvement  of  the  harbor  and  the  channel  to  Hampton  Koads. 

The  first  two  reports  were  referred  to  me  by  your  letter  of  March  17, 
1877,  and  were  returned  with  my  report  June  6, 1877.  These  reports 
relate  to  the  port-warden  lines  and  the  dredging  required  to  make 
these  lines  available  for  the  purposes  of  trade.  This  third  and  final 
report  relates  wholly  to  the  dredging  required  to  obtain  a  channel  500 
feet  wide  and  25  feet  deep  at  low- water  from  Hampton  Koads  to  the  city 
of  Norfolk  and  to  the  Portsmouth  navy-yard. 

The  consideration  of  the  port- warden  lines  does  not  come  within  the 
purview  of  this  communication,  and  may  safely  be  left  with  the  intelli- 
gent officers  who  comjiose  the  board  and  with  the  harbor  commissioners, 
with  whom  remains  the  power  to  accept  or  to  modify  or  reject  the  lines 
proposed,  and  to  estabhsh  regulations  for  the  government  of  the  ripa- 
rian owners  in  erecting  docks  and  whan-es. 

This  right  can  be  exercised  so  long  as  the  docks,  wharves,  and  pier- 
heads do  not  obstruct  the  public  liigliway. 

My  comments  will  therefore  be  confined  to  the  improvements  reeom- 
mende<l,  which  differ  slightly  from  those  mentioned  in  the  iteports  of  the 
Chief  of  Engineei-s.  In  Part  II,  page  147,  of  the  Report  for  1S75,  it  is 
stated  in  regard  to  that  part  of  the  improvement  along  the  Portsmouth 
Flats,  that  "  it  would  be  necessary  to  rectify  the  wharf-front  of  the  city  of 
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Portsmouth,  commencing  at  the  northern  point  and  extending  1,200  feet 
above,  pushing  the  entire  front  back  until  at  the  northern  point  it  will 
be  about  300  feet  in  the  rear  of  its  present  position.  The  line  should 
then  be  continued  by  dredging  from  the  point  of  the  wharf  to  the  25-foot 
curve  of  depth,  turning  on  a  gentle  curvature  to  the  left  hand.  Between 
this  line  and  the  channel  the  material  should  be  dredged  to  a  depth  of 
20  feet.  These  operations  involve  an  interference  with  riparian  rights 
and  require  a  large  amount  of  dredging.  I  regard  them,  however,  as 
essential  parts  of  any  plan  for  the  correction  of  all  the  forces  which  co- 
operate to  form  the  bar.^ 

The  Advisory  Board  propose  to  push  back  the  wharf-fix)nt  110  feet 
instead  of  300  feet,  and  to  dredge  to  26  feet  instead  of  20,  increasing  the 
depth,  but  reducing  the  width  of  this  part  of  the  channel.  Neither  of 
these  propositions  for  removing  the  wharf-front  can  be  carried  out  with- 
out the  consent  of  the  riparian  owners.  I  have  been  credibly  informed, 
however,  that  their  consent  can  be  obtained,  but  no  estimate  can  be 
made  of  this  part  of  the  work  without  further  examination  and  consul- 
tation. 

In  the  Eeport  of  the  Chief  of  Engineers  for  1877  JPart  I,  page  364,  it  is 
also  stated  that  ^^In  order  to  carry  25  feet  frt)m  Hampton  Boads  up  to 
the  city  of  Norfolk,  it  will  be  necessary  to  dredg:e  the  channel  between 
the  Hospital  light  and  Sewall's  Point,  so  as  to  give  a  width  of  400  feet 
and  a  low-water  depth  of  25  feet." 

The  Advisory  Board  recommend  that  the  channel  should  be  made  500 
feet  wide,  including  slopes  of  repose. 

In  the  following  estimate  the  dimensions  proposed  by  the  board  have 
been  adopted,  and  the  work  already  done  in  removing  the  bar  at  the 
mouth  of  the  Eastern  Branch,  as  well  as  the  amount  asked  in  the  last 
annual  report  to  complete  the  removal,  have  been  deducted  from  the 
total. 

I  would  call  attention  to  the  fact  that  in  order  to  give  a  clear  depth  of 
25  feet  at  low- water  it  will  be  necessary  to  dredge  to  a.depth  of  26  feet, 
and  that  the  quantity  measured  in  sUu^  must  be  increased  at  least  15  per 
oent.,  in  order  to  make  it  equivalent  to  the  same  quantity  measured  in 
the  dumping-scows.  I  have  adopted  this  equivalence  as  the  result  of 
practical  observation  in  the  recent  dredging  within  the  harbor  of  JS'or- 
folk.  I  would  frirther  remark  that  the  material  to  be  dredged  has  been 
assumed  to  be  of  the  same  character  as  that  removed  from  the  Eastern 
Branch  bar. 

The  estimate  is  given  under  two  heads,  viz :  within  the  harbor  of  Nor- 
folk, and  from  Hampton  Roads  to  Norfolk  Harbor. 

ESTIMATE. 

(1.)  mthin  the  harbor  of  Norfolk : 

The  dredging  is  the  amount  recommended  by  the  board,  and  extends  to  the  port- 
warden  lines. 

680,000  cubic  yards  dredging,  at  15c $102,000 

Contingencies,  10  per  cent 10,200 

Total 112,200 

(2.)  Front  Hampton  Boads  to  Norfolk  and  the  Portsmouth  navy-yard: 
Channel  500  feet  wide,  26  feet  deep,  at  low-water.    The  approximate  amount  of 
dredging  would  Imj — 

Cabio  yardfl. 

At  Sewairs  Point 617,000 

Opposite  Western  Branch 652,000 

Shoal  at  buoy  12 78,000 

Total  dredging 1,247,000 
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The  estimated  cost  will  be  as  follows : 

1,247^000  cubic  yards  dredging,  at  15o $187,050 

Contingencies,  10  per  cent 18,705 

Total 205,755 

SUMMARY. 

{!,)  In  the  harbor  proper $112,200 

(2.)  Between  Norfolk  and  Hampton  Roads 205,755 

Total  estidiate 317, 955 

The  general  location  of  the  proposed  channel  is  shown  on  the  accom- 
panying tracing. 

When  this  work  is  completed,  there  will  be  a  25-feet  channel  at  low- 
water  from  Hampton  Eoads  to  the  city  of  Norfolk  and  Portsmouth 
navy-yard,  and  Norfolk  Harbor  will  become  a  shipping  port  of  the  first 
class. 

An  opinion  regarding  the  causes  of  the  deterioration  of  the  channel 
could  hardly  be  expressed  without  farther  examination. 

The  commercial  importance  of  the  harbor  of  Norfolk  is  too  well  known 
to  need  fiirther  commendation. 

The  letter  of  Commodore  Stevens,  with  the  report  of  the  Advisory 
Board,  is  herewith  resi)ectfully  returned. 

Very  respectfiilly,  your  obedient  servant, 

S.  T.  Abeet, 
United  States  Civil  Engineer. 
Brig.  Gen.  A.  A.  Humphbets, 

Chief  of  Engineers,  U.  8.  A. 


Gxi. 

IMPROVEMENT  OF  CHICKAHOMINY  RIVER,  VIRGINIA. 

The  river  and  harbor  act  approved  June  18^  1878,  contained  an  appro- 
priation of  $5,000  for  the  improvement  of  this  river.  An  examination 
of  it  had  been  made  under  the  provision  of  the  act  of  June  23, 1874,  and 
a  report  submitted  May  24, 1875,  to  which  I  respectfully  refer  (Report  of 
Chief  of  Engineers  for  1875,  Part  II,  page  170),  for  detailed  information 
as  to  the  character  of  the  river,  its  trade,  and  a  statement  of  the  obstruc- 
tions which  prevent  its  free  navigation. 

The  most  important  work,  and  that  which  it  is  first  proposed  to  under- 
take, is  deepening  a  channel  through  Binn's  Bar  and  ^e  bar  at  Windsor 
Shades.  After  this  is  done,  the  snags  and  logs  which  obstruct  the  navi- 
gation above  these  points  can  be  removed. 

The  original  estimate  was  about  $10,000,  but  as  no  survey  has  been 
made,  it  may  be  necessary  to  increase  this  somewhat,  if  additional  work 
is  needed.  At  least  $5,000  would  be  required  for  the  continuation  of  the 
work. 

Money  statement. 

Amount  appropriated  by  act  approved  June  18,  1878 *  15, 000  00 

July  1,  1878,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 5, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  5, 000  00 
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Gl2. 

IMPROVEMENT  OF  BLACKWATER  RIVER,  VIRGINIA. 

The  portion  of  this  river  between  Franklin  on  the  Seaboard  and 
Eoanoke  Eailroad  and  the  Chowan  (13  miles  below  Franklin),  forms  a 
part  of  the  important  line  of  na\igation  between  Norfolk  and  the  west- 
em  part  of  Albemarle  Sound.  There  are  three  steamers  which  ply 
on  the  river,  the  mail-steamer  making  tri-weekly  trips  betvs^een  Franklin 
and  Edenton  and  Plymouth,  N.  C. 

The  Blackwater  flows  largely  through  cypress  swamps,  and  varies  in 
width  from  100  to  275  feet,  with  a  depth  of  from  8  to  38  feet.  A  survey 
of  the  river  was  made  in  accordance  with  the  act  of  June  23, 1874.  and 
a  report  upon  the  same  made  March  3, 1875.  (Report  of  Chief  or  En- 
gineers for  1875,  Part  II,  page  161.) 

The  obstructions  to  navigation  consist  of  snags  and  trees,  and  a  sharp 
bend  called  George's  Bend,  where  it  is  proposed  to  widen  the  channel 
by  cutting  off  one  of  the  points  of  the  bend.  The  original  estimate  for 
the  improvement  was  $15,000. 

The  act  approved  June  18, 1878,  appropriated  $5,000  for  the  work,  so 
that  $10,000  still  remains  to  be  appropriated.  This  appropriation  of 
$5,000,  now  available,  will  be  applied  to  the  removal  of  snags,  logs,  and 
other  obstructions,  being  insufficient  lor  the  commencement  of  dredging 
operations.  It  is  proposed  to  execute  the  work  by  hired  labor,  this  hav- 
ing been  found  the  most  economical  and  satisfactory  method  of  conduct- 
ing snagging  operations. 

Money  stutement 

Amount  appropriated  by  act  approved  June  18,  1878 $5, 000  00 

July  1,  1878,  amount  available 5,  000  00 

Amount  (estimated)  required  for  completion  of  existing  project 10,  000  00, 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  10,  000  00 


G  13. 

IMPROVEMENT  OF  FRENCH  BROAD  RIVER,  NORTH  CAROLINA. 

A  survey  of  this  river  was  about  to  be  commenced  when  the  last  an- 
nual reports  were  made.  This  survey  was  commenced  in  July  and  com- 
pleted during  September,  1877.  The  maps  were  then  plotted  and  esti- 
mates for  the  improvement  made. 

The  results  of  the  survey  were  submitted  in  a  special  report  dated 
February  12, 1878  (appended  hereto),  and  to  which  reference  is  respect- 
Mly  made  for  ftdl  details  as  to  the  character  of  the  river,  and  the  feasible 
plans  for  its  improvement. 

It  was  found  that  pending  the  preparation  of  the  maps  and  report,  a 
considerable  amount  of  work  in  removing  snags,  logs,  driftwood,  &c.,  coiUd 
advantageously  be  done  and  would  be  applicable  to  any  plan  of  improve- 
ment which  might  be  adopted.  A  preliminary  report  was  submitted, 
and  authority  asked  and  granted  to  commence  the  work  by  hired  labor, 
as  specific  estimates  could  not  be  prepared,  and  as  this  was  the  only 
practicable  method  of  executing  it  in  that  locality.  Material  and  tools 
for  the  work  were  purchased  and  operations  commenced  in  October.  A 
derrick  or  snag-boat  and  scows  were  built  and  snags  and  drift-logs  re- 
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moved  from  a  paii:  of  the  river.  Two  fisli-traps  have  been  removed  and 
600  cubic  yards  of  rock  quarried  near  Davidson's  River  for  the  construc- 
tion of  wing-dams.  Work  was  suspended  for  the  winter  on  Decem- 
ber 15. 

The  funds  available  for  continuing  the  imiirovement  in  the  si)ring  of 
1878  were  not  sufficient  to  allow  any  work  except  the  snagging  to  be 
undertaken.  The  derrick-boats  built  during  the  fall  were  fitted  up  for 
this  work,  and  active  operations  commenced  in  April. 

Only  such  snags  have  been  removed  as  were  in  the  main  channel  of 
the  river.    The  snagging  wiU  probably  be  completed  early  in  July. 

The  continuation  of  this  improvement  was  provided  for  by  an  appro- 
priation of  $15,000  in  the  river  and  harbor  act  of  June  18.  1878,  and  the 
construction  of  wing-dams  and  excavation  of  rock  and  gravel  at  the 
shoals  will  be  at  once  commenced.  This  method  of  imi)rovement  is  the 
least  expensive  of  the  plans  suggested  and  will  undoubtedly  meet  the 
requirements  of  trade  for  many  years. 

The  estimated  cost  of  the  entire  improvement  by  wing-dams  is  $45,500. 
This  estimate  did  not  include  the  removal  of  snags  which  was  in  progress 
at  the  time,  and  which,  together  n^ith  the  cost  of  surveys,  &c.,  was  pro- 
vided for  by  the  first  appropriation. 

The  following  appropriations  have  been  made : 

August  14,  1876 $10,000  00 

June  18,  1878 15,000  00 

The  amount  remaining  to  be  appropriated  is  $30,000. 

The  accompanying  table  shows  the  changes  in  the  water  surface  dur- 
ing the  year.  The  observations  were  taken  on  gauges  established  at 
Wilson'sBridge,  Shuford's  Bridge,  and  Big  Buck  Shoal. 

Motley  statetnent 

July  1,  1877,  amount  available $10,000  00 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

—  $25^  000  OO 

July  1, 1878,  amount  expended  durinjj  fiscal  year 7, 162  08 

July  1,  1878,  amount  available 17,837  92: 

Amount  (estimated)  required  for  completion  of  existing  project 30, 000  00 

Amount  that  can  be  pi-utitably  expended  in  fiscal  year  ending  June  30, 1880.    20, 000  00^ 
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EXAMINATION  OP  FRENCH  BBOAD  RIVER,  NORTH  CAROLINA  AND  TEN- 
NESSEE. 

United  States  Enginebr  Office, 

Washington^  D.  C,  February  12, 1878. 
General:  Under  date  of  August  27, 1877^  I  liad  the  honor  to  submit 
a  preliminary  report  of  an  instnunental  examination  of  the  French  Broad 
Eiver,  North  Carolina,  from  Brevard  to  the  dividing  line  between  Hen- 
derson and  Buncombe  Counties.  A  reconnaissance  of  this  part  of  the 
river  had  been  made  in  1875  by  Mr.  McCalla,  acting  under  the  orders  of 
Major  McFarland;  and  in  the  following  year  an  instrumental  survey 
was  made  by  the  same  engineer  from  the  Henderson  County  line  to 
Asheville,  and  a  careful  examination  from  AsheviUe  to  Leadvale,  Tenn. 
The  estimate  of  Mr.  McCalla  (revised)  for  improving  the  river : 

From  Brevard  to  the  Henderson  County  line,  38.84  miles,  waa $41, 600 

From  thence  to  AsheviUe,  16.42  miles 83,400 

Total  for  55.26  miles 125,000 

The  object  of  the  proposed  improvement  was  to  procure  a  low-water  depth 
of  30  inches,  by  removing  a  portion  of  the  rock,  bowlders,  and  gravel  from 
the  bars,  and  also  by  contracting  the  water-way  by  means  of  lateral 
dams.    The  report  of  1875  states,  regarding  the  improvement,  that — 

It  seems  to  be  qnite  useless  to  undertake  it  before  the  railroads  are  completed  to 
ABheville :  and  then  it  would  be  useless  unless  extended  from  the  Buncombe  County 
line  to  Asneville. 

During  the  past  year,  however,  two  railroads  have  been  pushed  with 
commendable  zeal  into  the  valley ;  one  of  these  is  an  extension  of  the 
road  from  Spartanburg,  8.  C^  the  other  connects  T\ith  the  Piedmont 
Bailroad  at  Salisbury,  ^.  C.  The  former  road  has  been  graded  to  within 
1 J  miles  of  the  river,  near  the  Buncombe  County  line. 

The  act  of  Congress  approved  August  14, 1876,  appropriated  $10,000 
for  the  conmiencement  of  the  improvement,  which  was  limited  to  the 
part  of  the  river  between  Brevard  and  the  Buncombe  County  line.  Be- 
fore this  money  could  be  expended  an  instrumental  examination  was 
necessary.  The  excellent  reconnaissance  of  Mr.  McCalla  had  demon- 
strated the  practicability  of  an  improvement.  A  more  careful  survey, 
however,  was  needed  to  obtain  data,  for  the  preparation  of  defUiite  plans 
and  estimates.  These  plans  could  not  be  made  without  charts  and  a 
profile  of  the  portion  of  the  river  to  be  improved ;  and  without  a  knowl- 
edge of  the  depth,  fall,  and  discharge  of  the  river  it  could  not  be  pre- 
dicted to  what  extent  a  bar  should  be  excavated  or  how  much  the  width 
of  the  river  should  be  contracted. 

With  your  authority  a  survey  party  was  accordingly  organized  and 
took  the  field  in  July,  1877.  •  •  »  When  the  survey  reached  the 
Buncombe  County  line  an  examination  of  the  river  was  continued  to 
Smith's  Bridge. 

DESCEIPTION  OF  THE  BIVER  FROM  BBEVABD  TO  ^HEVILLE. 

The  French  Broad  Eiver  rises  in  Transylvania  County,  North  Caro- 
lina. Its  springs  lie  about  the  foot  of  CsBsax's  Head,  a  conspicuous  spur 
of  the  Balsam  Mountains,  a  majestic  range  which  has  an  altitude  of  6,278 
feet  above  tide.  The  general  course  of  the  river,  as  far  as  Asheville,  is 
northeast.  The  Blue  liidge  bounds  the  vaUey  upon  the  east,  while  the 
Balsam  Kange,  with  its  lofty  peak  of  Mount  Pisgah,  forms  its  western 
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boundarj'.  The  valley  is  tlius  closed  at  its  head  and  upon  two  sides, 
but  the  general  shape  of  the  mountahi  inclosure  is  too  broken  upon 
the  west  side  to  allow  of  its  being  described  as  rectangular.  In  width, 
between  crests,  the  valley  varies  from  about  12  miles  near  Brevard  to 
about  25  miles  near  Asheville.  From  the  base  of  the  mountains  the 
foot-hills  extend  to  the  low  bottom-lands  which  border  the  river.  Through 
these  bottom-lands,  which  are  seldom  more  than  15  feet  above  low  water, 
the  river  meanders  so  as  to  double  the  shortest  distance  between  Bre- 
vard and  Ashe\'ille.  Kear  Brevai^d  the  bottoms  are  600  feet  wide,  but 
increase  to  one-half  and  one  mile.  The  soil  is  sandy  and  produces  from 
30  to  50  bushels  of  com  to  the  acre.  The  low  bottoms  are  sometimes 
swept  by  the  floods,  which  leave  them  covered  with  several  inches  of 
sand,  and  the  banks  are  abraded  wherever  the  protecting  Mnge  of  trees 
and  shrubbery  has  been  injudiciously  removed.  The  width  of  the  stream 
appears  to  have  changed  but  little,  and  increases  gradually  as  one 
descends  the  river.  Near  Wilson's  Fishtrap  it  is  frx)m  60  to  70  feet 
for  a  ^hort  distance  j  at  Allison's  Fishtrap  it  is  130  feet ;  at  Little  Buck 
Shoals  it  is  90  feet.  It  .increases  from  100  to  145,  then  to  340  feet  at 
Big  Buck  Shoals,  and  diminishes  to  100  feet.  Below  this  point  the 
descent  becomes  greater,  the  surface  wider,  and  many  rocks  show  them- 
selves among  the  rapids.  At  the  foot  of  Long  Shoals  the  width  increases 
to  570  feet.  At  Smith's  Bridge  it  is  330  feet.  From  this  point  to  the 
border  of  Tennessee  the  river  is  rapid,  rugged,  and  picturesque.  From 
Asheville  to  the  Warm  Springs,  the  distance  is  37  miles  and  the  faU  651 
feet  5  from  thence  to  Newport  the  distance  is  31  miles  and  the  fall  263 
feet.  It  is  evident  that  Asheville  is  the  terminus  of  any  practicable  x>lan 
of  improvement,  and  that  an  improvement  wliich  can  at  this  time  be 
reconmiended  must  terminate  at  Big  Buck  Shoals,  near  the  Buncombe 
County  line.    • 

To  return  to  the  description  of  the  upper  part  of  the  river,  it  will  be 
noticed  that  the  depth  has  the  same  unifonn  character  as  the  width. 
The  depth  on  the  bars  in  the  channel  varies  from  1  to  2  feet.  Some  of 
the  intervening  pools  have  a  depth  of  from  2^  to  4  feet,  with  a  preva- 
lence of  4  feet;  others  vary  from  4  to  6  feet  in  depth;  at  two  points  the 
unusual  depth  of  14  feet  was  found. 

The  bed  of  the  river  is  covered  with  a  shallow  stratum  of  coarse  sand 
and  gravel,  and  sometimes  the  current  is  interrupted  with  ledges  and 
bowlders.  At  Davidson's  River  solid  rock  was  found  at  depths  of  1  and 
1 J  feet  below  the  gravel. 

The  descent  of  the  river  as  far  as  Big  Buck  Shoals  is  more  modei'ate 
and  more  gradually  distributed  than  is  usual  in  mountain  streams.  Tlie 
distance  from  Wilson's  Fishtrap  to  Big  Buck  Shoals  is  31.49  miles,  the 
total  fall  53.809  feet;  average  fall  per  mile  1.709  feet;  average  faU  per 
foot,  .000.324  foot.  The  distance  from  the  head  of  Big  Buck  Shoals  to 
Smith's  Bridge  is  16.86  miles,  the  fall  77.135  feet,  average  fall  per  mile 
4.575  fe«t.  The  total  distance  from  Wilson's  Fishtrap  to  Smith's  Bridge 
is  48.35  miles,  the  total  fall  130.944  feet,  and  the  average  fall  per  mile 
2.708  feet.  The  distance  from  Brevard  to  Ashe\ille  in  a  straight  line  is 
24J  mUes;  by  river,  the  distance  is  48.35  miles.  The  actual  level  of  the 
two  towns  is  nearly  tlie  same.  Brevard  is  128.07  feet  above  low  water 
at  Wilson's  Fishtrap,  while  Asheville  is  260.76  feet  above  low  water  at 
Smith's  Bridge  and  2,250  feet  above  the  level  of  the  sea. 

Although  the  river  is  fordable  at  many  i)oints  duiing  low  water,  it  is 
impassable  at  high  water,  as  the  floods  often  i^each  15  feet  above  low 
water.    Several  bridges  resting  on  pile  piers  connect  the  roads  of  Tran- 
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sylvania  and  Henderson  Counties, 
given  in  the  following  list. 


Their  position  and  dimensions  are 


"Same  of  bridge. 

Distance  ftvm 
Wilson's  Fishtrap. 

Height  of  floor 
above  low  water. 

Length  of 
bridge. 

Length  of 
span. 

Kind  of 
bridge. 

"Wilson's  Bridse. 

0.71 
6.28 
7.18 
10.52 
19.51 
23.1 
25.7 

Feet 
18 
20 
15 
18 
21 

FeeL 
163 
161 
113i 
141 
138 
162 
187 

FeeL 
42 
44 

45 
48 
37 
38 
60 

Patton's  Bridge 

S^. 

Allison's  Bridge 

j|| 

Shnford's  Biioffe 

McLain's  Bridge 

Johnson's  Bridire. .............. 

Kinir'sBridee 

All  of  these  bridges  will  need  to  be  raised  or  provided  with  draws  to 
admit  the  passage  of  steamers.  This  work  would  be  done  by  the  county 
authorities. 

The  si)ecial  characteristics  of  the  river  compiled  firom  the  notes  of  the 
survey  are  given  in  the  following  table,  which  includes  the  measured 
length,  width,  depth,  and  descent  or  fall  of  th6  river,  also  the  approxi- 
mate amount  of  excavation  required  to  obtain  a  depth  of  2 J  feet  at  low 
water  with  an  average  width  of  37  feet.  By  this  means  and  by  the  aid  of 
lateral  dams  it  is  proposed  to  secure  2 J  feet  at  low  water  as  far  as  Big 
Buck  Shoals. 
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The  total  amount  of  excavation  from  Wilson's  Fish-Trap  to  the  head 
of  Big  Buck  Shoals  is  3,507  cubic  yards. 

The  following  table  shows  the  length  and  fall  of  the  two  sections  of 
the  river  referred  to  above. 


DiBtanoe. 

FaU. 

Fall  per 
mile. 

From  Wilaon's  Fish-Trap  to  bead  of  Big  Buck  ShoalB 

Miles. 
31.49 
16.86 

FeeL 

63.809 

77.135 

Feet. 
1.709 

From  head  Big  Buck  Shoals  to  Smith's  Bridge 

4.575 

Total 

48.35 

130.944 

2.708 

OSCILLATIONS  OF  THE  RIVER. 

In  small  and  rapid  streams  like  the  French  Broad,  the  rise  and  fall  of 
the  water  has  a  more  important  relation  to  the  navigation  than  in  larger 
stre^ims.  The  high  water  may  be  often  utilized  for  a  navigation  which 
is  impracticable  at  low  water,  and  a  stream  may  be  improA^able  at  higher 
stages  which  cannot  be  fitted  for  navigation  at  the  lowest.  Hence  the 
importance  of  accurate  information  relating  to  the  rise  and  fall  of  the 
water  and  to  the  movement  of  drift  and  ice. 

Three  gauge  stations  were  established,  the  first  at  Wilson's  Bridge, 
the  second  at  Shuford's  Bridge,  and  the  tliird  at  Big  Buck  Shoals.  Ob- 
servations were  begun  about  the  first  of  August,  and  have  been  taken 
twice  each  day  up  to  the  present  date.  During  the  past  six  months  the 
rise  and  fall  of  the  river  seem  to  have  been  sufficiently  gradual,  and  the 
dui'ation  of  the  high  water  sufficiently  long  to  be  made  available  for 
navigation.  For  two  months  the  surface  has  averaged  6  inches  above 
zero,  and  during  four  months  it  has  ranged  tiom  1  to  9  feet  above.  The 
time  of  falling  is  less  rapid  than  that  of  rising,  the  most  rapid  rise  being 
at  the  rate  of  5  J  inches  per  hour. 

The  tbllowing  table  gives  the  gauge  observations  to  Februai:y  1, 
1878: 

Tahle  of  oftciUuiions. 

GAUGE  RRADIN08. 


Aiigast. 

f 

September. 

October. 

November. 

December, 

Jannar>'. 

s 

1 

ill 

1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.2 
0.5 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

1 

't 

1 

'Ji 

0.2 
O.L 
0.? 
0.^ 
l.t 
1.0 

o.e 

0.2 
O.L 

o.r 

0.}- 
l.C 
l.(! 
0.6 
0.4 
0.4 
0.3 

1 

1 

M 

0.3 
0.2 
0.2 
0.1 
0.2 
0.6 
0.5 
0.4 
0.2 
0.4 
1.4 
1.1 
0.8 
0.7 
0.6 
0.5 
0.5 

I 

-0.1 
0.1 
0.2 
3.1 
1.3 
0.2 
0.1 
2.7 
1.4 
0.7 
0.5 
0.3 
0.3 
0.3 
0.2 
0.1 
0.4 

« 

i 

0.2 
0.9 
4.6 
2.3 
1.3 
1.0 
3.7 
3.2 
1.0 
1.4 
1.1 
1.0 
0.9 
0.8 
0.7 
0.6 

50 

M 

;« 

0.3 
0.2 
0.3 
3.6 
3.2 
l.tf 
1.3 
3.6 
2.3 
1.3 
1.2 

\:\ 

0.9 
0.8 
0.8 
0.7 

1 

1 

X 

1 

1 

1 

90 

■a 

2.7 
2.5 
2.3 
2.3 
6.1 
8.0 
4.4 
3.8 
3.7 
3.3 
2.6 
2.5 
2.4 
2.3 
2.3 
2.1 
2.0 

M 

1 

P 

4.3 
3.7 
3.6 
3.5 
3.4 
2.7 
2.6 
2.6 
3.9 
8.1 
5.5 
4.4 
4.2 
5.9 
5.0 
4.2 
3.8 

1 

1  0.3   0.5 

2  0.  l|  0.6 

3  o.r  0.7 

4  '  0.  1    0.  5 

5  0.1    0.5 
6 '  0.  1    0.  8 

7  0. 1    0.  5 

8  :  0. 1    0.  5 
9 1  0.  1    0.  5 

10    0.1    0.5 
n     0.1    0.6 
12  1  0.  1    0.  6 
131  0.2    0.5 
14 .  0. 1    1.2 

15  0.1    0.8 

16  0.1    0.6 

17  1  0. 1:  0. 5 

:::: 

6.4 
'0.3 
0.3 
0.5 
0.8 
0.6 
0.4 
0.3 

0.2 
3.5 
2.1 
1.1 
1.0 
1.0 
0.8 
.5.1 
5.0 
2.4 
1.7 
1.8 
1.1 
0.9 
0.9 
0.8 
0.8 

0.8 
4.1 
3.2 
1.1 
1.3 
2.0 
1.5 
5.4 

4.4 
3.2 
2.6 
2.1 
2.2 

1:? 

1.6 

0.8 
2.4 
3.0 
2.2 
1.9 
1.6 
1.4 
3.2 
6.1 
5.2 
3.5 
2.5 
2.0 
1.5 
1.3 

1.3 
1.2 
1.0 
1.1 

4.8 

tl 
2.4 
1.7 
1.6 
1.5 
1.5 
1.3 
1.2 
1.2 
1.1 
1.0 

1.7 
1.0 
0.6 
0.3 
1.1 
1.7 
1.6 
1.3 
1.1 
0.7 
0.5 
0.4 
0.3 
0.2 
0.1 
0.3 
0.3 

2.6 
2.1 
1.9 
2.0 
1.7 
1.6 
1.5 
1.4 
1.9 
5.3 
3.3 
2.6 
4.3 
4.0 
3.3 
2.9 
2.6 

i.3 

1.1 

1.5 
.5.0 
4.4 
3.1 
2.7 
3.9 
3.2 
a. '2 
2.1 
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Table  of  oscillations — Continned. 

GAUGE  RKADINO8. 

AugUHt. 

September. 

October. 

November. 

1 

1 

1 

JB 

1 

DH  Bridge. 
rd*8  Bridge. 

1 

1 
i 

'a 

* 

o 

2  ,  <a 

^ 

g 

-S     M 

1       ^l| 

M 

a 

>> 

:S       a 

b 

S3 

0      ^ 

0 

& 

i 

^ 

s  & 

F^       ^   IS 

^ 

§ 

18 

0.  l'  0.  5  0.  3 

0.1 

0.4'  0.5 

0. 1'  0.  6   0.  6 

0.7 

1.5 

19 

0.1    0.5   0.3 

0.4 

1.1;  0.5 

0.11  0.5   0.5 

0.6 

1.4 

20 

0.1    0.2   0.3 

1.5 

2.81  1.3 

1.0,  1.3   0.81       0.6 

1.3 

21 

0.1'  0.2    0.3 

O.H 

1.2   2.2 

1.71  3.8   2.5       2.3 

3.7 

22 

0.1    0.1,  0.2 

0.2 

0.7|  1.5 

0.7,  1.7    1.8!       7.7 

(*) 

23 

1.  2    2.  0   0.  1 

0.1 

0.7,  1.0 

0.4    1.2    1.4 

4.9 

r) 

24 

0.2    l.ll  1.2 

0.1 

0.6'  0.7 

0.  41  1.  0    1.  2 

4.6 

n 

25 

0.1    0.5   0.6 

0.1 

0.6,  0.6 

0.3I  1.0   1.1 

3.6 

6.0 

28 

0.1    0.4    0.4 

0.1 

0.5   0.5 

0.3l  1.0    1.0 

3.3 

5.8 

27 

0.1    0.2    0.3 

-0.1 

0.4'  0.5 

0.7i  1.5    1.5 

2.5 

4.1 

28 

0.1    0.5   0.6 

-0.2 

0.4    0.4 

0.31  1.4    1.3 

1.9 

3.5 

29 

0. 1    0.  8    0.  8 

-0.  2 

0.3   0.4 

0.3    1.0   1.2 

1.8 

3.2 

30 

0.  1    0.  5   0.  6 

-0.2 

0.3   0.3 

0.2   0.9    1.1 

1.5 

2.4 

31 

0.1    0.5'  0.4 

1         1 

0.2   0.8   1.0 

1 

*  Over  gange. 

DIS 

CHAl 

RGB. 

December. 


January. 


Discharge  inea^surements  were  made  near  James  Davis's  house.  From 
Davidson's  Kiver  to  Little  Buck  Shoals  is  3.7  miles,  and  upon  this  part 
of  the  river  by  far  the  larger  paii:  of  the  proposed  expenditiu^e  for  im- 
provement will  have  to  be  made.  A  well  determined  discharge  at  this 
point  would  have  been  all  that  was  required.  The  measurements  of 
velocities,  however,  were  imperfect.  I,  therefore,  determined  to  use  the 
formula  of  Kutter,  which  s(*ems  adai)ted  to  mountain  streams,  and 
which  gives  a  result  sufficiently  near  the  tnith  to  be  used  until  more 
accurate  observ^ations  can  be  made  in  the  sx)ring. 

The  fonnula  of  Kutter  is  based  on  the  well-known  formula  of  D'Arcy 
and  Bazin,  in  which  the  values  of  the  co-efficient  c  are  made  to  vdry 
with  "  the  value  of  r,  the  hydraulic  mean  depth,  and  the  Condition  of  the 
section.  These  conditions  are  classed  in  four  categories,  which  do  not 
include  every  degree  of  roughness  of  the  wetted  perimeter,"  but  which 
may  be  made  to  include  small  values  of  the  co-efficient  c  by  interi)ola- 
tions  and  additions  suitable  to  observed  cases. 

Employing  the  formula  for  English  feet, 


t?  =  <    — 


.,  ^  ,    1.811    ,   0.0()281 
7^  fj 


'+("■«+ "D/^ 


y/MJ 


in  which  r  =  mean  velocity  of  discharge,  feet  per  second. 

E  =  3.23787  feet  =  hydraulic  mean  depth. 

J  =  .000243700  =  the  sine  of  the  inclination  of  the  water-surface. 

n  =  0.030  =  coefficient  dependent  on  material  over  which  the  water 
flows,  which,  in  case  of  rivers  obstructed  by  gravel  and  stone  in  a  moil- 
erate  degree,  e<pials  0.030. 
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We  have  then 

.00281     .00281    ..  .«^« 
-J      ~. 000243706  =  "-'^^*^ 

VS  =  1.8  .-.  "  =  ^^^^Mm^  + 
y  R      l-o 

.A.lso 

^Rj  =  .0280907 

Substitotiug  these  valnen  iu  the  equation  for  r  and  reducing, 
T  =  V'!'i^^  X  .0280907  =  1.69004  ft.  per  Heeond. 

The  area  of  the  cross-seetion  is  340.3  square  feet,  and  the  discharge 
575.107  cubic  feet  per  second. 

This  discharge  Ls  smaller  than  the  observecl  discharge,  but  as  the  lat- 
ter was  based  on  several  uncertain  ob8er\'ations,  I  have  thought  it  safer 
to  employ  the  result  obtained  as  al>oA'e  in  all  the  following  calculations. 

We  are  now  prepared  to  consider  the  method  of  improvement. 

IMPROVEMENT. 

Before  presenting  the  plans  and  estimates  for  improving  the  river,  it 
is  proper  to  state  the  considerations  and  conditions  which  must  deter- 
mine the  character  of  the  plan  as  well  as  the  scale  of  the  improvement. 
Wliile  the  latter  is  limited  by  the  resources  of  trade  and  industry,  the 
chara<*ter  of  the  improvement  is  limited  by  other  conditions.  The  more 
im]>ortant  of  these  may  be  mentioned  as  follows: 

1.  Assuming  that  any  elevation  of  the  low-water  level  may  damage 
the  lK)ttom  lands,  the  first  condition  involves  the  preservation  of  the  pres- 
ent level. 

2.  The  average  depth  of  the  river  is  nearly  2J  i^^t^  and  any  imi)rove- 
ment  which  contemplates  an  increase  of  depth  to  over  2J  or  3  feet  will 
be  more  expensive  than  the  present  or  fiitiire  trade  will  justify.  This 
will  l)e  made  more  apparent  in  the  estimates  to  be  submitted. 

3.  A  depth  of  2J  feet  will  aflfonl  sufficient  depth  for  barge  na\igation 
or  unloade<l  steamers,  which  consequently  would  not  be  of  much  use 
except  in  the  higher  stages. 

4.  In  order  to  obtain  the  depth  of  2 J  feet  at  low- water,  it  will  be 
ne<*>essaiy  to  excavate  through  the  bars  and  to  contract  the  water-way. 
The  contraction  should  not  be  such  as  to  increase  the  velocity  above  the 
average  of  3.3  miles  per  hour  nearly,  so  as  to  keep  within  the  limits  of 
the  natural  velocity.  Tliis  ^ill  i)ermit  steamers  of  moderate  i>ower  to 
ascend  the  river  and  barges  may  be  wari)ed  up  without  much  difficulty. 
The  natural  current  sometimes  reaches  4  miles  an  hour,  but  in  low  stages 
averages  about  2. 

These  considerations  are  important,  as  the  navigation  can  only  be 
ada[)ted  to  small  steamers  of  light  draught  and  small  power. 

Tlie  average  sectional  area  of  the  river  is  about  270  feet,  and  the  con- 
ditions governing  the  movement  of  such  steamers  would  be  nearly  the 
same  as  in  an  indefinite  fluid,  according  to  the  formula  of  Du  Bnat — 

pr_.p_8^ 

?  +  2 
s 

in  which 

c  =  the  section  of  the  canal. 

g  =  the  section  of  the  part  of  a  prism  plunged  in  the  water. 

P=  the  resistance  which  the  prism  experiences  in  an  indefinite  fluid. 

P'  =  the  resistance  experienced  in  the  canaL 
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Any  contraction,  therefore,  will  at  once  cause  a  resistance  to  tlie 
motion  of  the  boat.  Tliis  i^esistimce  can  be  ai)i)roxiinately  determined 
when  the  size  and  model  of  the  boat  are  known.  Assuming  a  midship 
section  of  18' x  2^' =45  square  feet,  and  a  length  of  75  feet,  we  obtain  a 
capacity  of  80  tons,  including  machinery  and  boat,  acconiing  to  the  exper- 
iments ma<le  on  the  Languedoc  Canal,  and  of  about  100  tons  for  a  boat 
90  feet  long,  suitable  for  the  navigation  of  the  French  Broad ;  and  mak- 
ing these  models  the  basis  of  calculation,  we  obtain  the  resistance  to  a 
siniilai*  body  moving  in  a  fluid  by  the  formula  of  D'Aubuisson. 

62.43  n  H  A'=pounds  pressure,  in  which 

n  =  1.34  =  coefficient  of  " deniveHationP 

g  =  section  of  boat. 

h'  =  the  height  due  to  the  velocity. 

When  the  body  is  itself  in  motion,  i^'=  f—T_^^  in  which  f= velocity 

of  current  =  4  miles  per  hour  =  5.866  feet  per  second,  u  =  velocity  of 
boat  =  5  miles  per  hour  =  7.333  feet  per  second,  taking  an  extreme  case. 
The  resistan(3e  =  62.43  n8h  =  10.801  pounds  =  >. 
Correcting  this  result  by  the  forinula  obtained  from  the  Languedoc 

Canal  experiments  P''=P'  jl  —  0.26^-  —  1^1  we  obtain  the  resistance 

to  a  boat  moving  at  the  rate  of  5  miles  an  hour  against  a  current  of  4 
miles  per  hour  in  a  channel  3  feet  deep.  This  resistance  is  equiva- 
lent to  a  tractive  force  of  5.7  tons.  But  in  order  to  determine  the  actual 
steam-power  required  to  propel  a  boat  of  the  same  model  and  under  the 
same  circumstances,  the  immersion  of  the  paddles,  effect  of  the  current, 
and  friction  of  the  machinery  must  be  considered.  D'Aubuisson  sug- 
gests the  following  expression  for  the  determination  of  the  dynamic 
effect: 


.1142«(^^|  +  3)(±Ft«)' 


V  being  the  velocity  of  the  river,  u  that  of  the  boat,  8  the  immersed 
section  midships  of  the  boat,  s  the  surface  of  that  portion  of  the  paddles 
immersed = say  8  square  feet.  The  upper  signs  refer  to  the  case  where 
the  boat  ascends,  the  lower  signs  to  that  where  it  descends. 

We  thence  obtain  for  the  power  required  for  a  fine  model  66,992  pounds. 
In  order  to  obtain  the  resistance  to  a  barge-shaped  model  in  the  contracted 
channel  (40  feet  wide),  the  formula  for  the  eff'ect  of  contraction  must  be 
applied  to  the  klwve  results,  and  to  this  must  be  added  the  loss  by  fric- 
tion (|)  and  a  coefficient  (2.4)  deduced  from  the  experiments  of  M.  Magu^s 
on  the  Languedoc  Canal,  (1/ AuhuisHon^H  Hydraulics^  translutian^  p.  296.) 

The  fornnda  will  take  the  form — 

r/p     8.46     \  /P    8.46    \"| 

P'=      M   •  ^--    )  "^   (   "ST  '^~)      2.4  =350,167  pounds. 

or  10§  horse-power. 

This  result  is  merely  approximate,  but  it  is  sufficient  to  show  tliat 
steamers  of  80  to  100  tons  and  from  12  to  15  horse-power  are  suitable  to 
the  navigation  of  the  French  Broad  Kiver  in  its  proposed  improved 
condition.* 


*  A  lij^ht-draiight  steamer  of  Bessemer  steel  has  reeently  been  built  by  Yarrow  &  Co., 
of  Poplan,  England,  of  the  following  dimensions  and  draught :  Length  124  feet,  beam 
24  feet,  unloaded  draught  13  inches,  loaded  draught  2  feet  1  inch,  speed  10^  miles  per 
hour ;  and  iron  steamers  of  the  same  capacity  and  draught  are  built  in  Norfolk,  Va. 


Digitized  by  VjOOQIC 


534  REPORT    OP   THE    CHIEF   OF   ENGINEERS. 

METHODS  OF  IMPROVEMENT. 

Thre«  methods  of  improvement  may  be  employed: 
Ist.  French  movable  dams  with  locks. 
2d.  American  system  of  locks  and  dams.  . 
3d.  Wing-dams  and  excavation. 

1.  Movable  dams. — Although  the  river  is  peculiarly  welladapte<l  to  the 
French  system,  I  have,  after  consideration  of  the  cost  of  construction 
and  maintenance,  concluded  to  dismiss  it  as  too  expensive.    The  second 

^and  third  systems  will  be  compared  in  the  following  pages. 

2.  Locks  and  dams. — It  will  appear  from  the  following  statement  that 
the  gi*eatest  fall  occurs  in  a  limited  distance,  and  that  above  and  below^ 
this  locality  the  descent  is  moderate  and  uniform. 


Locality.  iDiBtance.j     Fall.      '  ^Qy^*" 


;  MiUit.  Feet  FeeL 

From  Wilson's  FiHhtrap  to  Davidson's  River j  5. 33  |        8. 985  1. 681 

From  head  of  Davidson's  Rivt*r  to  foot  of  Little  Buck  Slionls t  3.  77  13.  515  I  3. 585 

From  foot  of  Little  Buck  Shoals  to  head  of  Big  Buck  Shoals |  22. 39  31. 309  1. 400 

W^ilHon'a  Fisht rap  t«  Big  Buck  Shoals |  3L49  53.809  L71 


The  fall  of  little  more  than  13^  feet  in  a  distance  of  3y^^  miles  is  confined 
chiefly  to  four  points  between  Davidson's  River  and  Little  Buck  Shoals. 
Two  dams,  about  50  feet  long  and  8^^  feet  high,  and  two  locks,  with  au 
average  lift  of  7  feet,  will  be  sufficient  to  secure  a  depth  of  3  feet  in  this 
part  of  the  river  at  low  water. 

From  Brevard  to  the  upper  lock,  and  from  the  lower  lock  to  Big  Buck 
Shoals,  the  river  can  be  easily  improved  by  several  small  dams  and  the 
excavation  of  a  channel  through  the  bars. 

Tliis  methoil,  although  affording  a  satisfactory  depth,  is  liable  to  one 
objection.  There  is  no  doubt  of  a  small  overflow  of  bottom-land  in  the 
vicinity  of  Allison's  Fishtrap,  and  the  extent  of  bottom  which  would  be 
covered  at  flood  can  only  be  determined  by  special  survey.  The  pro- 
priety of  damming  the  river  will,  therefore,  depend  on  the  relative  value 
of  the  probable  trade  and  the  present  value  of  the  land.  These  ques- 
tions, I  think,  should  be  decided  by  the  land-owners  who  are  interested. 
I  have,  however,  thcmght  it  my  duty  to  present  an  estimate  of  the  cost 
of  imi)roving  the  river  by  this  method  on  account  of  the  unquestionable 
supericu'ity  of  the  navigation  which  it  would  afford.  The  estimate  is 
base<l  on  a  plan  for  a  (composite  lock  of  crib- work  filled*  with  stone,  the 
dimensions  being  100  by  20  feet  in  the  chamber  and  between  the  gates. 

The  lift  is  7  feet  in  each  case.  A  plan  of  the  proposed  lock  accompa- 
nies the  report,  together  with  a  special  sheet  showing  the  location  of  the 
dams.  The  dams  will  be  of  crib-work,  with  suitable  abutments  and 
securely  bolted  to  the  rock  foundation,  8.9  feet  in  average  height.  The 
heights  were  obtained  by  successive  approximations  of  the  formula 


VV3.33iy-.33a?iJiy 


derived  from  the  formula  of  Francis,  in  which — 
Q  =  the  discharge  in  cubic  feet  per  second. 
L  =  the  length  of  the  dam. 
n  =  the  number  of  end  contractions. 
^=  the  height. 
Tlie  distance  between  the  dams  is  1.83  miles. 
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ESTIMATE   FOR  THE  IMPROVKMENT    OF    FRENCH    BROAD    RIVER    FROM  WILSON'S  FISH- 
TRAP  TO  THE  HEAD  OF  BIG  BUCK   SHOALS   BY  LOCKS  AND  DAMS.      CHANNEL  THROUGH  . 
BAiiS  40  FEET   WIDE   AT  TOP,    34   FEET  AT   BOTTOM,  AND  3  FEET  DEEP. 

Excavation  above  Davidson's  River,  3,241.2  cnbic  yards  at  $4 $12,964  80 

Lock  at  head  of  Cherokee  Slioal  (including  excavation  for  foundation) 15, 162  33 

Dam  for  the  same,  80  feet  hm«r,  9.3  feet  hi«;h 10,563  00 

Loek  below  Little  Buck  Shoal  (iududinj;  excavation  for  foundation) 15, 162  33 

Dam  for  the  same,  90  feet  long,  B.5  inches  hipjh  . . .' 10,  504  00 

Excavation  from  this  lock  to  head  of  Bi jj  Buck  Shoal 12,  098  00 

76,  454  46 
Contingencies  10  i>er  cent ' 7, 64o  44 

84,  099  90 

3. — Improvement  by  lateral  dams  and  groim  so  as  to  give  2J  feet  at  low 
tcater. — In  this  report  I  will  call  by  the  name  of  groins  such  wing-<lams 
as  extend  from  the  bank  in  a  straiglit  line  toward  the  channel,  and  which 
may  be  either  perpendicular  to  the  thread  of  the  current  or  oblique  to  it. 
Such  dams  may  have  a  T-head  or  short  wing  of  the  same  length  as  the 
groin,  or  if  ])rolonged  fiirther  downstream  and  i}arallel  with  the  cur- 
rent, they  will  be  called  lateral  dams.  Groins  and  Literal  dams  are 
genertiUy  built  with  two  objects  in  view,  viz :  either  to  concentrate  the 
current  or  to  raise  the  water  surface  above,  or  they  may  be  designed  to 
raise  the  surface  and  concenti^ate  the  current  at  the  same  time. 

The  general  eifect  of  such  structures  upon  the  movable  material  of  a 
river-bed  is  to  deepen  the  water  at  the  head  of  the  dam,  and  to  transfer 
the  material  removed  to  a  lower  point.  This  is  very  marked  in  the  case 
of  groins,  which  are  liable  to  another  objection  on  account  of  the  action 
of  the  ciurent  ui)on  the  banks  below  them. 

Latenil  dams,  in  addition  to  the  advantage  obtained  by  groins, 
lead  the  current  with  a  more  unifonn  descent,  conduct  the  material  in 
suspension  to  the  desired  point,  and  distribute  the  de})osit  gradually. 
In  contracted  channels  and  sharj)  bends,  where  a  continuous  stone-dike 
would  become  dangerous  to  imvigation,  the  groins  may  be  used  to 
advantage.  Where  the  object  is  simply  to  elevate  the  surfaee  a  few 
inches,  the  fa<»ility  with  wliich  they  may  be  extended  so  as  to  obtain  the 
requisite  cross-section,  gives  to  these  dams  a  superiority  over  the  lateral 
system.  Care,  however,  must  be  taken  to  make  the  cross-section  of  the 
water-way  permanent  by  i)aviiig  the  bottom  and  protecting  the  banks. 

In  order  that  the  two  systems  may  be  compared,  I  have  subjoined  an 
estimate  for  impro\iug  the  river  by  lateral  dams,  and  also  by  groins 
with  occasional  wings.  In  both  cases  some  excavation  will  be  necessary, 
and  the  amount  is  included  in  each  estimate. 

In  the  determination  of  the  slope  resulting  from  a  given  contraction  of 
the  natural  channel,  it  seems  proi)er  to  employ  the  formula  which  would 
give  the  largest  ^'  factor  of  safety."  Wliere  the  (^ost  of  work  is  aifected 
by  uncertain  contingencies,  some  precaution  of  this  sort  is  necessary. 

Instead,  therefore,  of  the  more  aecurate  formula  of  Humphreys  and 
Abbot^  or  of  Kutter,  the  following  formula  of  Rankine  has  been  employed : 
(liankine's  Civ.  Engineering,  p.  G81.) 

7)1  V(>4.4y 
in  which 

i  =  the  sine  of  the  slope. 

V  =  velocity  in  feet  per  second. 

/=a  coefficient. 

m  =  the  mean  hydraulic  depth. 
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This  formula  is  the  same  as  given  by  Trautwine  under  the  following 
torm: 

Fr=p  A000114  ^'4-  .00002426  v\ 

(Trautwine's  pocket-book,  p.  565.) 
in  which 
F  =  the  faU  per  foot  (in  feet). 
p  s  the  wetted  perimeter. 
V  =  the  velocity  in  feet  per  second. 
a  =  the  area  of  cross-section. 

For  the  elevation  due  to  a  contraction  of  the  width,  the  following 
formula  has  been  used : 

ESTIMATE  FOR  LATERAL  DAMS. 

Cross-section  of  water-ways,  50  feet  wide  by  2^  feet  deep. 
Slope  of  water-surface,  .001078  feet  per  foot. 
Slope  of  water-surface,  5.692  feet  per  mile. 
Velocity  of  water,  4.84  feet  per  second. 
Velocity  of  water,  3.3  miles  per  hour. 

The  length  of  the  dam  will  be — 

At  Davidson's  River,  2,000  feet  for  a  fall  of  2.15  feet. 
At  Patton's  Shoal,  1,670  feet  for  a  fall  of  1.80  feet. 
At  Cherokee  Shoal,  5,750  feet  for  a  fall  of  6.20  feet. 
At  Little  Buck  Slioal,  2,040  feet  for  a  fall  of  2.20  ieet. 
Total  length,  11,460  feet. 

Estimating  this  at  cost  of  $5.50  per  linear  foot,  a  factor  derived  from 
a  carefid  estimate  of  the  dams,  we  have : 

11,460  linear  feet  of  dam,  at$5.50 $63,030  00 

For  excavation  and  other  work  above  Davidson^s  River  and  between  Lit- 
tle and  Big  Buck  Shoals 8, 143  00 

71, 173  00 
Add  10  percent  for  contingencies 7, 117  00 

Total  cost. 78,290  00 

This  estimate  should  be  compared  with  the  foUoTving  estimate  for 
groins  and  short  wing-dams  T\ith  a  ijermanent  cross-section,  formed  by 
paving  the  bottom  and  protecting  the  banks : 

E8TI>LVTE  FOR  GROIXS  AND  SHORT  WING-DAMS. 

Channel  as  above,  50  feet  wide,  ^  feet  deep.     Maximum  velocity,  4.84  feet  per 
second,  or  3.3  miles  per  hour. 
Average  height  of  wing-dams,  6  inches  above  low-water. 

Excavation  above  Davidson's  River,  712.5  cubic  yards,  at  $4 ^,  850  00 

Dams  at  Davidson's  River,  1,271  cubic  yards,  at  $3 3, 813  00 

Excavation  at  Davidson's  River,  276.3  cubic  yards,  at  $4 1, 105  20 

Excavation  between  Davidson's  and  Patton's,  485.6  cubic  yards,  at  |4 1, 942  40 

Dams  ait  Patton's,  1,973  cubic  yards,  at  $3 5,919  00 

Excavations  bet  ween  Patton's  and  Allison's,  92.9  cubic  yards,  at  $4 371  60 

Dams  at  Allison's,  1,126  cubic  yards,  at  ^ 3,378  00 

Excavation  at  Allison's,  39  cubic  yards,  at  |4 156  00 

Excavation  between  Allison's  and  Cherokee,  118.2  cubic  yards,  at  J4 472  80 
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Dams  at  Cherokee  Shoals,  2,986  cubic  yards,  at  P ^,955  00 

Excavation  at  Cherokee  Shoals,  25  cubic  yards,  at  $4 100  00 

Excavation  between  Cherokee  and  Little  Buck  Shoals,  59.7  cubic  yards,  at 

S4                            .  238  80 

Dams  at  ilittie  Buck  ShoaVsriisis "cubic  yardsVat  $3.'."/. '.'.'.".'.."!"'' '.".'.'/.".'.  4,629  00 

Excavation  at  Little  Buck  Shoals,  336.5  cubic  yards,  at  $4 1 ,  :J46  00 

Excavation  between  Little  and  Big  Buck  Shoals,  685.5  cubic  yards,  at  (M  . .  2, 742  00 

38,018  80 

11,550  feet  |-inch  chain 2,872  50 

Anchors 500  00 

41,391  30 
Add  10  yet  cent,  for  contingencies 4, 139  13 

Total 45,530  43 

The  chain  included  in  the  estimate  is  intended  to  be  fastened  with 
ring-bolts  in  rocks  on  the  bed  of  the  river  to  enable  boats  to  warp  up 
against  a  strong  current. 

The  method  of  improvement  by  groins,  short  wing-dams,  and  exca- 
vation seems  to  be  not  only  better  adapted  to  the  river  than  the  lateral 
dams,  but  also  to  be  the  least  expensive  mode  of  improvement. 

TRADE  AND  RESOURCES. 

I  am  not  able  to  offer  any  fiirther  infonnation  in  regard  to  the  agricul- 
tural products  of  the  portion  of  the  French  Broad  Kiver,  which  is  the 
subject  of  this  report,  than  can  be  found  in  the  first  report  of  Mr.  Mc- 
Calia,  which  is,  published  in  the  lieport  of  the  Chief  of  Engineers  for 
1875,  Part  I,  page  819. 

The  outlet  for  the  ftiture  trade  of  the  river,  and,  indeed,  of  the  entiie 
valley,  must  depend  upon  the  two  railroads  which,  as  1  have  stated,  are 
being  diligently  pushed  toward  an  early  completion. 

Although  it  is  not  likely  that  the  river  improvements  will  be  con- 
tinued below  the  Henderson  County  line,  yet  a  connection  will  be  made 
by  railroad  with  the  river  near  the  terminus  of  the  pi*oposed  improve- 
ment. 

PRESENT   CONDITION  OF  THE  WORK. 

The  commencement  of  the  work  of  impi-ovement  by  hired  labor  was 
authorized  September  13, 1877.    As  specific  estimates  could  not  be  made 
in  view  of  the  luicertainty  of  the  cost  of  labor  and  materials  in  such  an 
inaccessible  locality,  this  methoil  was  considered  most  advantageous  for  ' 
the  x>reliminary  operations. 

The  necessary  materials  and  tools  were  imrchased  and  active  oi)era- 
tions  commenced  in  October  and  continued  until  December  15,  when 
they  were  suspended  for  the  winter. 

A  derrick-boat  and  two  scows  liave  been  built  for  removing  rock  from 
the  channel.  The  fish-traps  at  Wilson's  and  Davidson's  Rivers,  on 
Graham's  Ford,  have  been  i)artly  removed.  A  quarry  has  been  opened 
at  Davidson's  River,  and  (UK)  cubic  yards  of  rock  quarried  for  Innlding 
wing-dams.  The  snags,  drift-logs,  and  overhanging  trees  have  been 
removed  for  a  distance  of  about  20  miles  from  Wilson's  fish-trap.  Some 
of  the  snags  were  left,  as  they  were  too  large  to  be  raised  without  a  der- 
rick ;  the  winter  fresliets  will  i)robably  cause  additional  acciuniUations 
of  drift,  &c.,  to  be  removed.  Almiit  $4,000  will  be  available  for  the 
work  when  operations  are  resumed  in  the  spring. 
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Estimates  for  three  methods  of  improvement  are  submitted  in  the 
foregoing  report.  The  general  conchisions  as  to  the  adv^antages  and 
cost  of  each  may  be  briefly  repeated : 

First.  The  most  efficient  improvement  can  be  made  by  the  construc- 
tion of  two  locks  and  two  dams,  togetlier  with  a  small  amount  of  exca- 
vation. The  depth  at  low  water  will  be  3  feet,  and  the  entire  cost 
$82,810.20. 

Seox)nd.  Two  and  a  half  feet  can  be  seciu'ed  at  low-w  ater  by  means  of 
lateral  dams  at  a  cost  of  $78,290.  This  method  is  moi-e  costly  than  that 
of  groins. 

Third.  Two  and  a  half  feet  can  be  secured  by  short  wing-dams  and 
groins  at  a  cost  of  $45,530.  This  form  of  dam  can  be  more  economically 
adjusted  to  the  variable  velocity  and  cross-section  of  the  river,  but  the 
objection  to  the  tw^o  last  methods  will  be  the  velocity  of  the  ciurent  at 
the  dams,  which  will  be  about  4.84  feet  per  second  at  low  water,  and  will 
increase  a  little  imtil  the  water  is  over  the  dams. 

Fourth.  K  Congress  thinks  proper  to  authorize  either  of  the  above- 
mentioned  methods  of  improvement,  it  would  be  desirable  for  rea^^ioiis 
of  economy  to  gi^ant  the  entire  amount  in  one  appropriation.  Tlie  ex- 
penditures and  preparations  which  have  been  made  are  ai)plicable  to 
either  plan. 

Fifth.  The  nature  of  the  soil  of  which  the  banks  are  composed  is  such 
that  the  speed  of  steamers  which  may  be  used  on  the  river  should  not 
exceed  an  average  of  5  miles  an  hour. 

LIST   OF  MAPS.  * 

The  following  maps  and  plans  accompany  this  report : 

A  j^encral  map  and  profile  of  French  Broad  River  from  Brevai-d  toAshevUle.     Scale, 

One  maj)  and  profile  from  Glen  Creek  Shoal  to  Little  Bnck  Shoal,  showing  location 
of  locks  .and  dams.     Scale,  400  feet  to  an  inch. 

One  map  and  profile  from  Davidson's  River  to  Little  Buck  Shoals,  showing  the  loca.- 
tion  of  the  wiiig-ilams.     Scale,  400  feet  to  an  inch. 

Thirteen  special  sheets  of  olistructions.     Scale,  400  feet  to  an  inch. 

Plans  of  locks,  2  sheets. 

Very  respectfully,  your  obedient  servant, 

T.  Abert, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U/S»  A. 


TJ.  8.  Civil  Engineer, 


G  14. 

IMPROVEMENT  OF  PERQUIMAN\S  RIVER,  NORTH  CAROLINA. 

The  removal  of  the  stumps  obstructing  the  navigation  of  this  river 
near  the  town  of  Hertford  was  in  progress  when  the  last  annual  report 
was  made.  The  snag-boat  which  had  been  in  use  on  the  Eoanoke  liiver 
was  fitted  uj)  and  emi)loyed  for  this  purpose.  .  The  stumps  were  of  c\T[)res8, 
apparently  in  tlie  position  where  they  had  originally  grown,  and  "from  1 
to  7  feet  in  diameter  at  the  top.  It  was  found  that  they  were  so  flrmly 
held  in  place  by  root«  that  they  could  not  be  removed  by  the  use  of  snag- 
hooks  alone;  reccmrse  was  therefore  had  to  blasting. 

A  hole  2  inches  in  diameter  was  bored  in  the  center  of  the  stump  by 


Digitized  by  VjOOQIC 


APPENDIX   G.  539 

means  of  an  auger  welded  to  an  iron  rod  and  operated  from  the  deck  of  the 
snag-boat ;  the  depth  of  the  hole  was  variable,  being  sometimes  4  feet. 
A  charge  of  about  2  pounds  (average)  of  No.  1  giant  powder  was  then 
placed  in  the  hole  by  a  diver,  and  fired  with  a  battery.  The  stump  was 
thus  split  into  several  pieces,  w^hich  w^ere  drawn  up  by  means  of  a  chain 
or  snag-hooks.  The  stump  generally  split  into  as  many  pieces  as  there 
were  large  roots.  These  were  removed  and  deposited  near  the  river 
bank,  where  they  would  be  out  of  the  way.  Tlie  stumjis  averaged  3 
feet  in  diameter;  the  largest  was  7  feet  at  the  top  and  10  feet  at  the 
surface  of  the  mud.  One  root  removed  was  31  feet  long  and  30  inches 
hi  diameter. 

The  average  depth  of  water  on  the  stumps  was  6  feet,  the  least  4J  feet, 
and  the  depth  around  them  9  feet.  The  tops  of  the  stumps  showed  no 
ax-marks,  although  they  appeared  to  have  been  cut  off  in  some  manner. 
One  of  tliem  was  found  ynth  a  large  hole  in  the  top,  whicli  had  been 
burned  out,  and  the  coals  and  charred  woo<l  were  in  a  perfect  state  of 
preservation.  The  fibrous  roots  were  perfect,  si  lowing  that  the  soil  im- 
mediately about  them  had  not  been  moved.  The  bed  of  the  river  was 
composed  of  swamp  mud  underlaid  with  blue  clay.  The  length  of  the 
channel  across  the  bar  or  point  where  the  stiunps  were  found  was  800 
feet ;  the  width  of  channel  made  was  200  feet,  with  a  depth  of  8^  feet 
at  low- water ;  79  stumx)s  were  removed,  together  with  cypress  knees  and 
a  few  logs.  The  work  was  commenced  June  15,  1877,  and  completed 
September  22, 1877. 

Money  statement 

Jnly  1,  1S77,  amount  avaUable |2, 154  14 

July  1,  1878,  aiiiouut  expended  during  fiscal  year 1,  566  90 

July  1,  187b,  amount  available 587  24 


G  15. 

IMPROVEMENT  OF  ROANOKE  RIVER,  NORTH  CAROLINA. 

Xo  appropriation  was  made  for  this  improvement  and  no  work  has  been 
done  during  the  last  fiscal  year. 

The  sum  of  $4,(H)0  was  recommended  in  the  last  report  for  the  removal 
of  snags  and  the  construction  of  a  new  snag-boat,  but  owing  to  tlie 
probable  increase  in  the  number  of  snags  since  that  date,  it  wouhl  be 
advisable  to  fix  the  amount  at  $5,(M)().  In  addition  to  the  removal  of 
snags,  some  work  could  be  done  to  advantage  in  repairing  the  dike  at 
Indian  Highland,  which  was  injured  by  freshets.  Pilots  report  an  im- 
provement in  the  channel  at  this  point. 

The  total  estimate  for  completing  the  improvement  of  the  river  in 
accordance  with  the  plans  submitted  in  pre\ious  reports  is  $222,000. 

The  follo\^ing  appropriations  have  been  made : 

March  3,  1871 $20,000  00 

June  10,  1872 10,000  00 

March  3,  1873 10,(K)0  00 

June  2:5,  1874 5,000  00 

The  nearest  coHection-di  strict  is  Edenton,  N.  C. 

The  estimated  shipments  from  Jamesville  for  the  year  ending  June  1, 
1878,  as  reported,  are  as  follows : 
10,000,000  feet  sawed  lumber  (cypress,  pine,  and  oak). 
10,000,000  cypress  and  juniper  shingles. 
500  bales  of  cotton. 
|5,000  worth  of  sundry  articles. 

The  receipts  are  valued  at  about  $100,000. 
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Money  statement, 

July  1,  1877,  amount  available 8181  98 

July  1,  1878,  amount  expoudcd  during  fiscal  year 181  98 

Amount  (estimated)  reciuired  for  completion  of  existing  project 222, 000,  00 

Amount  that  can  be  protitably  expende<l  in  fiscal  year  ending  Ji^ne  30, 1880 . .       5, 000  00 


Gi6. 

IMPROVEMENT  OF  PAMPLIOO  RIVER,  NORTH  CAROLINA. 

Work  was  commenced  under  the  contract  with  Messrs.  Swindell  & 
Sparrow,  of  Washington,  N.  (J.,  for  removing  the  pile  obstructions  near 
Hill's  Point,  on  August  1, 1877,  and  completed  September  19, 1877.  Eight 
hundred  and  ninety-five  piles  wei'e  removed.  The  contractors  used  a 
Spanish  windlass  and  snag-hooks.  The  piles,  when  drawn,  were  taken 
on  shore  and  piled  securely. 

The  river  was  carefully  examined  with  a  "  sweej),''  and  all  the  piles 
that  coidd  be  found  were  removed. 

Dredging  under  the  contract  with  Mr.  G.  H.  Ferris,  of  Baltimore,  was 
commencjed  October  1,  1877.  A  channel  175  feet  wide  was  dredged 
through  the  bar  near  the  town  of  Washington.  This  work  was  com- 
pleted January  1,  1878,  when  operations  were  suspended. 

Pilots  and  captains  of  vessels  navigating  the  river  having  requested 
that  some  fiirther  dredging  be  done  at  a  shoal  part  of  the  river  about 
one  mile  below  Wiishington,  a  survey  of  the  locality  was  made  in  Feb- 
ruary, 1878.  It  wa«  found  that  the  navigation  of  the  river  could  be  im- 
proved by  deepening  the  channel  from  1  to  2  feet  at  this  point.  Work 
was  accordingly  resumed  Mai-ch  29 ;  but  it  was  soon  found  that  the  bed 
of  the  river  was  composed  of  a  ma«s  of  roots  and  stumps,  which,  being 
covered  with  sand  and  mud,  w^ere  not  detected  until  the  dredging  was 
commenced.  As  the  contract  was  intended  to  cover  ordinary -dredging 
simply,  the  contractor  asked  to  be  relieved  of  his  contract  or  to  be  paid 
for  the  removal  of  the  stumps.  An  examination  of  the  work  was  made, 
and  it  was  found  that  the  difficulties  of  the  work  were  so  gi-eat  that  the 
contractor  was  fairly  entitled  to  be  paid  for  the  new  and  unexpected 
kind  of  work  he  had  encountered.  With  the  sanction  of  the  Chief  of 
Engineers,  his  contract  was  accordingly  mixlified  to  cover  the  removal 
of  tlie  stumps. 

The  work  has,  however,  been  of  the  most  expensive  and  difficult  char- 
a<^ter,  causing  ahnost  constant  breakage  of  the  dredge  and  frequent  delay 
therefrom.  Two  hundred  and  eighty-seven  stumps  were  removed  by  the 
machine,  without  the  use  of  powder.  A  great  many  of  these  were  cypress 
knees,  the  least  diameter  being  5  inches  and  the  greatest  diameter  of 
the  stumps  4  feet.  All  the  cypress  stimips  were  perfectly  sound  and  in 
their  natural  position  j  the  roots  in  general  were  about  10  feet  long  and 
from  2  to  8  inches  in  diameter.  The  gum  stumps  were  partially  de- 
cayed, the  heart  being  sound  and  in  its  natural  position.  All  the  gum 
and  cypress  w  hich  were  removed  on  the  west  of  buoy  13  had  been  sawed 
off  level  with  the  be<l  of  the  river — ^i)robably  in  1847,  when  this  river  was 
improved  to  some  extent  by  the  United  States.  Some  of  the  stumps,  on 
being  removed,  hiul  an  appearance  and  consistency  like  that  of  cheese, 
becoming  hard  on  exposure  to  the  air. 

Work  was  completed  under  Mr.  Ferris's  contract  on  June  22,  the 
lower  channel  being  70  feet  wide  with  an  average  dei)th  of  about  9  J  feet 
at  low- water. 
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If  it  is  desired  to  widen  and  straighten  this  channel,  the  balance  of 
the  original  estimate,  $10,000,  will  be  required. 

One  appropriation  has  been  made  for  this  work,  atz,  that  of  August 
14,  1876,  $15,000. 

The  shipments  are  estimated  as  follows : 

Cotton,  35,000  bales,  valued  at $1,400,000  00 

Naval  stores 200,000  00 

Lumber,  &c 240,000  00 

Estimated  value  of  receipts 350,000  00 

Money  statement. 

July  1,  1877,  amount  available - |14,636  04 

July  1,  1878,  amount  expended  during  fiscal  year 12, 565  47 

July  1,  1878,  amount  available 2,070  57 

Amount  (estimated)  required  for  completion  of  existing  project   10,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     10, 000  00 


G  17. 

IMPROVEMENT  OF  NANSEMOXD  RIVER,  VIRGINIA. 

Work  under  the  contract  with  Mr.  G.  H.  Ferris,  of  Baltimore,  Md., 
was  commenced  July  11,  1877.  Tlie  channel  at  Suffolk  was  widened  to 
80  feet,  Mith  a  deptli  of  8  feet  at  low-water,  and  a  channel  of  the  name 
dimensions  was  excavated  through  Shingle  Creek  Bar  a  short  distance 
below  Suffolk. 

The  dredging  was  completed  August  20, 1877,  the  amount  of  material 
dredged  being  8,340  cubic  yards.  The  repairs  to  the  dike  at  the  mouth 
of  the  Western  Branch  under  the  same  contract  were  commenced  Octo- 
ber 1,  1877,  and  completed  November  3, 1877.  One  hundred  and  thirty- 
five  sections  of  <like  were  repaired  by  driving  front  and  rear  piles  in  the 
middle  of  each  section  and  connecting  them  by  a  tie  bolted  to  each  pile 
at  the  top  and  passing  over  the  dike. 

A  smvey  of  the  channel  at  this  point  was  nuide  October  24, 1877,  and 
it  was  found  to  be  in  good  condition,  the  ruling  depth  beuig  10  feet  at 
low-water. 

The  work  proi)Osed  under  the  appropriation  of  June  18, 1878,  is  the 
completion  of  the  repairs  to  the  dike  (which  was  built  in  1873-'74).  The 
improvement  will  then  be  finished,  and  no  further  appropriation  will  be 
required. 

Tlie  original  evstimate  for  this  work  was  $30,000,  but  its  distribution 
over  a  long  period  of  time  and  the  repairs  which  have  been  required 
have  increjised  the  total  to  $37,000. 

The  following  appropriations  have  been  made : 

March  3,  1873 |15,  000  00 

Jnne23,  1874 10,000  00 

March  3,  1875 5,000  00 

August  14,  1876 5,000  00 

June  18,  1878 2,000  00 

Money  statement. 

July  1,  1877,  amount  available $4,740  52 

Amount  ai)propriated  by  act  approved  June  18,  1878 2, 000  00 

16,740  52 

July  1,  1878,  amount  axpeuded  during  fiscal  year 4, 639  79 

July  1,  1878,  amount  available 2,100  73 
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ANNUAL  REPOET  OF  LIEUTENANT-COLONEL  Q.  A.  GILL- 
MORE,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  1878. 

United  States  Engineer  Office, 

JS'eiv  Yorkj  July  12,  1878. 
General  :  I  have  the  honor  to  transmit  herewith  ray  annual  reports 
upon  tlie  works  of  river  and  harbor  improvement  under  my  charge  for 
the  fiscal  year  ending  June  30,  1878. 

Very  respectfiilly,  your  obedient  servant, 

Q.  A.  Gbllmore, 
Limit  Col.  of  EngineerSy  Bvt.  Maj.  Gen.,  U.  S.  A, 
Brig.  Gen.  A.  A.  Humphreys, 

Chwf  of  Engineers^  U,  8.  A. 


Hi. 

improvement  of  the  harbor  of  CHARLESTON,  SOUTH  CAROLINA. 

During  the  fiscal  year  ending  June  30,  1878,  very  little  work  was  car- 
ried on  in  Charleston  Harbor. 

The  outer  end  of  the  Bowman  jetty  was  lowered  to  a  level  of  2  feet 
above  mean  low-water  for  an  adclitional  length  of  30  feet.  The  stone 
which  it  was  necessaiy  to  remove  for  this  puri)ose,  amounting  to  200 
cubic  yards,  were  thrown  into  the  water  on  either  side. 

Some  dredging  in  I^ach  Channel  was  attempted  by  the  United  States 
dredging-steamer  Henry  Burden,  but  it  was  soon  ascertained  that  she 
could  not  work  there  to  advantage,  and  it  was  discontinued. 

On  the  14th  of  July,  1877,  in.stnicticms  were  given  to  my  assistant, 
Capt.  James  C.  Post,  Corps  of  Engineers,  to  make  a  survey  of  Beach 
Channel. 

The  results  showed  quite  conclusively  that  the  shortening  of  the  Bow- 
man jetty  had  not  produced  a  wider  channel  at  that  point,  but  that  the 
west  end  of  Drunken  Dick  Shoal  api)roached  the  Sullivan's  Island  shore 
and  the  jetty  as  fast  as  the  latter  was  reduced  in  length.  Keither  was 
the  channel  deepened  by  the  shoiteinng  of  the  jetty.  On  the  contrary 
the  greatest  depths  on  the  smallest  cross-section  were  less  than  existed 
on  the  smallest  cross-section  four  or  five  years  ago.  The  crooked  chan- 
nel had,  however,  been  made  sti'aight,  aiul  on  the  whole  was  in  rather 
better  condition  for  purposes  of  navigation  than  ever  befofe. 

Captain  Post  was  instructed,  underdate  of  January  18, 1878,  to  cause 
borings  to  be  made  at  certain  specifietl  points  upon  and  in  the  vicinity 
of  the  northern  end  of  the  Charleston  Bar.  The  object  was  to  ascertain 
the  general  character  of  the  beds  and  deposits  which  constitute  the  bar, 
and  to  determine  their  fitness  for  sui)i)orting  permanent  works  of  im- 
provement. 
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The  information  obtained  was  on  the  whole  rather  satisfactory.  Some 
of  the  bormgs  were  not  carried  deep  enough  to  be  of  much  value  by 
themselves  in  indicating  the  weight-bearing  capacity  of  the  underlying 
beds;  but  taken  in  connection  with  the  others,  they  justify  the  conclu- 
sion that  the  material  of  which  the  bar  is  composed  is  sufficiently  firm 
to  sustain  works  of  moderate  weight. 

The  points  at  which  the  several  borings  were  made  are  shown  by  small 
circles,  lettered  from  A  to  H  on  Plate  I,  accompanying  my  project,  dated 
March  9, 1878,  for  the  permanent  improvement  of  the  channel  of  entrance 
into  this  harbor  by  means  of  low  jetties. 

The  character  and  thickness  of  the  several  kinds  of  material  encoun- 
tered in  the  borings  is  shown  in  the  table  at  the  bottom  of  Plate  II  of  that 
report,  prepared  from  the  data  furnished  by  Captain  Post. 

On  the  25th  of  March  instructions  were  sent  to  George  Daubeney, 
assistant  engineer,  who  was  at  that  time  engaged  at  Saint  Augustine, 
Fla.,  to  repair  to  Charleston  and  make  some  current  observations  on  the 
Charleston  Bar.  The  points  selected  were  on  a  line  stretclung  across 
the  bar  along  the  axis  of  the  gap  between  the  propowsed  jetties;  in  other 
words,  along  the  North  Channel.  The  special  object  in Hiew  was  to  de- 
termine the  relation  existing  between  the  bottom  and  the  mean  ebb 
velocities  on  the  outer  slope  of  the  bar,  for  the  \ise  of  the  Board  of  En- 
gineers having  under  consideration  the  project  for  low  jetties  i^eferred  to 
above.  Inclement  weather  interfered  so  seriously  with  this  work  that 
trustworthy  resutts  were  secured  at  only  a  few  of  the  stations.  One  of 
these  was  located  on  the  outer  slope  of  the  bar  in  22  feet  mean  low- water 
soundings ;  here  it  was  found  that  the  maximum  ebb-velocity  at  the  siur- 
face  was  about  one  statute  mile  per  hour,  and  that  the  coiresponding 
bottom  velocities  were  only  about  half  a  mile  per  hour.  From  the  ob- 
sen^ations  made  upon  the  ci'est  of  the  bar  directly  in  North  Channel,  in 
8J  to  9  feet  soundings,  it  appears  that  the  bottom  ebb-velocities  are  at 
that  point  quite  equal  to  the  surface-velocities,  ranging,  when  at  a  maxi- 
mum, from  li  to  1|  statute  miles  per  hour. 

The  low-bottom  velocities  found  during  the  ebb-tide  well  out  on  the 
exterior  slope  of  the  bar — ^low  not  only  in  i>oint  of  fact,  but  in  their  rela- 
tions to  the  velocities  at  the  surface — would  seem  to  point  to  the  neces- 
sity of  caio'ying  the  jetties  farther  seaward  than  the  original  project 
contemplated,  thereby  cari'^ing  forward  the  point  on  the  bar  where 
divergence  of  the  flow  through  the  gap  begins. 

More  comi)lete  data  are,  however,  needed  on  this  paiticular  point. 
The  current  observations  on  the  bar  will  therefore  be  repeated  as  soon 
as  possible  during  a  period  of  calm  weather,  with  a  view  to  such  revision 
of  the  project,  with  respect  more  especially  to  the  length  of  the  jetties 
and  their  distance  apart,  as  may  be  suggested  by  more  accurate  knowl- 
edge of  the  currents  on  the  outer  slope  of  the  bar. 

WORK  CONTEMPLATED  DURING  THE  PRESENT  FISCAL  YEAR. 

By  act  of  Congress,  approved  June  18, 1878,  the  sum  of  $200,000  was 
appropriated  "  for  improving  harbor  at  Charleston,  S.  C." 

A  small  part  of  this  sum  will  be  devoted  to  current  and  tide-gauge 
observ^ations  and  to  making  additional  borings,  shoidd  they  be  deemed 
necessary. 

The  bidk  of  the  appropriation  it  is  proposed  to  expend  in  construct- 
ing and  laying  an  apron  to  serve  as  the  foundation  of  the  shore  end  of 
the  north  or  Sullivan's  Island  jetty,  as  described  in  general  terms  in 
the  project  of  March  9, 1878.    This  apron  will  consist  of  a  bottom  layer 
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of  fascine  mattresses,  or  of  a  combination  of  timber,  brush,  and  fascines, 
about  2  feet  in  ag^egate  thickness,  overlaid  with  riprap  stone  adjusted 
in  a  layer  of  a  uniform  thickness  of  2  feet  to  2^  feet,  to  keep  the  work 
in  place  and  secure  it  against  injury  from  storms.  The  apron  wiU  be 
put  down  of  the  fiill  width  deemed  "necessary  for  the  comi)leted  work, 
and  will  be  caixied  out  as  far  from  the  shore  as  i>ossible  with  the  money 
available  for  the  purpose. 

The  appropriation  is  too  small  to  cover  the  cost  of  the  apron  for  the 
entire  jetty,  and  some  extra  expense  will  doubtless  have  to  be  encoun- 
tered in  securing  the  sea  end  against  damage  or  destruction. 

The  original  estimated  cost  of  the  two  jetties,  with  a  half-mile  gap 
between  them,  was  set  down  at  $1,800,000.  The  cost  increases  with  the 
width  of  gap,  and  for  fidl-height  jetties,  having  their  crests  at  high-water 
throughout,  the  cost  of  both  jetties  would  be  about  $4,278,000. 

The  width  of  gap  for  the  full-height  jetties  would  be  1.4  miles. 

Tliese  estimates  are  based  upon  the  supposition  that  the  riprap  super- 
striu^ture  cost  $5.50  per  cubic  yard,  the  mattress  foundation  $1.50  per 
square  yard,  and  an  allowance  for  subsidence,  compression,  and  vmi- 
tingencies  of  20  per  cent,  for  the  sliore  end  and  37  per  cent,  for  tlie  sea 
ends  of  the  jetties. 

From  inquiries  made  more  recently,  I  am  convinced  that  these  allow- 
ances ait*  unnecessarily  large,  and  tiiat  $4  per  cubic  yard  will  cover  the 
cost  of  riprap  in  place  on  the  work  and  $1.25  per  square  yai*d  that  of 
the  mattress  foundation.  I  think,  also,  that  the  allowance  for  subsidence 
and  compression  may  be  safely  reduced  to  20  per  cent,  for  the  entire  work. 

The  rei)ort  of  my  assistant,  Capt.  James  C.  Post,  Corps  of  Engineers, 
dated  June  27, 1878,  on  the  operations  for  thef  improvement  of  the  hai*bor 
at  Charleston  during  the  fiscal  year,  is  appended  hereto.  His  report, 
dated  August  24, 1877,  on  the  siu-vey  of  Beach  Channel,  made  in  accord- 
ance with  my  instructions  of  July  14,  1877,  is  also  appended.  'The  chart 
which  accompanied  this  report  is  omitted. 

This  work  is  located  in  the  customs-district  and  port  of  Charleston. 

As  tending  to  show  to  what  extent  the  general  commerce  of  the 
country  will  be  promoted  by  the  proposed  improvement,  there  is  sub- 
mitted here^vith  sevei^al  extracts  from  a  letter  on  this  subject  from  S.  Y. 
Tupper,  esq.,  president  of  the  Charleston  Chamber  of  Commerce,  and  a 
table  of  commercial  statistics  furnished  by  the  collector  of  the  port, 
showing  the  number,  tonnage,  and  crews  of  vessels  engaged  in  the  for- 
eign and  coastwise  trade,  the  value  of  exports,  and  the  amount  of  im- 
port duties  collected  in  each  of  the  years  1873  to  1877,  inclusive. 

Money  statement 

July  I,  1877,  amount  available. $7,368  71 

Amount  ai^propriated  by  act  approved  June  18,  1878 200,000  00 

1207, 368  71 

July  1,  1878,  amount  expended  during  fiscal  year 6,392  36 

July  1,  1878,  outstanding  liabilities  (possible) 1, 000  00 

7,392  36 

July  1,  1878,  amount  available 199,976  35 

Amount  (estimated)  required  for  completion  of  existing  project 1, 600, 000  00 

Amount  tliat  can  be  profitably  expended  ii  \  fiscal  year  ending  J  une  30, 1880 .        500, 000  00 

35  E 
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REPORT  OF  CAPT.    JAMES  C    POST,    CORPS  OF   ENGINEERS. 

Savannah,  Ga.,  June  97,  1878. 

Cotx)NKl:  I  have  to  .submit  the  followiiijtj  reyMirt  of  the  work  for  the  improvement 
of  Charleston  Harbor,  South  Carolina,  for  the  past  ftscal  year: 

Durinj?  this  year  operations  in  thisharljor  have  been  restrio  ted,  as  heretofore,  to  the  im- 
provement of  the  Beach  Channel  entrance.  The  loweiinjj  of  the  Bowman  jetty  was 
continued  till  July  17, 2(10  cubic  yards  of  stone  bein^  removed  in  addition  to  that  reported 
for  the  previous  fiscal  year,  and  the  porticm  of  the  jetty  lowered  to  2  feet  above  low -water 
extended  30  feet  in  length.  At  this  time  the  work  of  lowering  the  jetty  was  suspended 
initil  the  efie(!t  of  what  had  been  already  done  could  be  ascertained  and  the  advi.sa- 
bility  of  continuing  this  work  determined.  A  survey  was  then  made  of  that  portion 
of  the  channel  between  the  jetty  and  a  point  1,IJ80  yards  to  the  east  of  it.  Fi*om 
the  extremity  of  this  distance  a  line  of  careful  soundings  was  also  taken  through 
the  remainder  of  the  channel  and  continued  to  deep  water  outside  of  the  bar. 
The  j-esult  of  this  survey  indicated  that  the  channel  had  not  changed  practically  in  its 
direction  or  depth  throughout  its  extent,  except  in  the  immediate  vicinity  of  the  jetty. 
At  this  ]>oint  the  channel  was  no  wider  or  deeper  than  fonnerly,-  notwithstanding  the 
lowering  of  the  jetty.  This  shows  an  evident  tendency  of  the  western  end  of  Drunken 
Dick  to  approach  the  beach  as  rapidly  as  the  jetty  is  lowered  and  the  channel  opened 
on  the  shore  side.  A  number  of  current  observations  were  also  taken  in  connection 
with  this  survey,  and  from  these  it  was  determined  that,  in  the  portion  of  the  chan- 
nel, from  the  jetty  to  a  point  about  300  yards  to  the  east  of  it  that  the  flood-current 
commenced  about  25  minutes  before  low-water  and  continued  about  55  minutes  after 
high-water;  that  the  tirst  of  the  flood  passed  over  Drunken  Dick  Shoal  about  300 
yards  to  the  east  of  the  jetty,  and  as  the  tide  strengthened  it  passed  farther  and  farther 
up  the  channel  before  crossing  the  shoal  mitil  about  half-title,  when  it  passed  entirely- 
through  it  and  crossed  the  lowei*ed  portion  of  the  jetty  aad  through  the  opening  be- 
tween the  jetty  and  the  shoal.  On  the  ebb-tide  this  process  was  reversed  during  the 
first  half  of  it,*  aft^r  the  ebb-current  had  fairly  set  in,  and  the  current  passed  over  the 
jetty  and  directly  through  the  channel,  a  much  smaller  portion  passing  to  the  south 
of  the  shoal  than  during  the  last  half  of  the  ebb.  After  half-tide  a  large  portion  of  the 
ebb-current  that  passed  to  the  south  of  the  head  or  western  end  of  the  shoal  crossed  it 
between  the  jetty  and  about  300  yards  to  the  east  of  it.  From  these  observations,  it 
is  believed  that  in  the  portion  of  the  channel  before  mentioned,  from  the  ietty  to  a 
distance  300  yards  to  the  east  of  it,  that  the  observed  flood-current,  before  low-water 
and  after  high-water,  is  the  result  of  an  eddy-current^  caused  by  the  ebb-current  pass- 
ing by  the  mouth  of  th^  channel  and  to  the  south  of  the  shoal,  which  is  its  direction  at 
the  last  and  first  of  the  ebb-tide.  Other  observations,  made  at  diflerent  points  of  the 
harbor  simultaneously  showed  that  the  flood-tide  made  its  appearance  first  in  the  Beach 
Channel  and  afterward  in  each  of  the  channels  to  the  soutn  of  it  in  succession,  the 
last  of  the  ebb  passing  through  what  is  called  the  main  ship-channel  to  the  Pumpkin 
Hill  and  South  Channels.  A  detailed  report  of  this  survey  was  submitted  to  vou 
August  24,  1877. 

&  soon  as  this  survey  was  completed,  the  United  States  dredging-steamer  Henry- 
Burden  was  directed  to  connnence  dred^ng  at  the  mouth  or  western  end  of  the 
Beach  Channel,  with  a  view  of  increasing  its  size  at  that  point,  and  thus  cause  a  por- 
tion of  the  flood-tide  that  was  escaping  over  the  sh<ml  to  flow  entirely  through  th© 
channel.  The  short  turn  and  narrow  channel,  with  the  swift  currents  that  were  en- 
countered, rendered  this  dredging  very  slow  and  expensive,  and  it  was  finally  given 
up  after  a  trial  had  been  made  which  proved  conclusively  that  it  could  not  be  done  at 
a  reasonable  cost,  and,  even  if  done,  would  be  accompanied  with  uncertain  results. 
After  this  uo  further  work  was  done  upon  this  channel. 

To  obtain  data  for  a  more  comprehensive  plan  of  improving  this  hai'bor  a  number 
of  borings  were  made  at  different  points  in  the  out«r  harbor  during  the  month  of  Feb- 
ruary. The  borings  were  distributed  so  as  to  include  the  entire  basin  between  Sulli- 
van's and  Morris  Islands  iBside  of  the  bar,  some  of  them  being  made  on  the  bar  at  tho 
outer  extremity  of  the  North  and  Swash  Channels.  A  record  of  these  borings  with, 
their  location  was  forwarded  to  you  in  my  letter  of  February  25,  1878. 

The  vessel  used  in  making  them  was  a  center-board  sailing  flat  of  2S  feet  beam  and 
56  feet  in  length,  which  was  moored  with  4  anchors  in  each  position.  A  staging  was. 
maile  projecting  over  the  water  from  the  side  of  the  vessel,  from  which  the  borings 
were  made,  the  water  being  too  deep  and  the  current  too  swift  to  admit  of  a  wt^i^g 
being  made  resting  on  the  bottom.  The  apparatus  was  an  iron  pipe  three-sixteenths 
of  an  inch  in  thit^kness  and  3  inches  in  diameter,  made  into  convenient  lengths  of  6  feet 
and  8  feet,  and  so  arranged  that  they  could  be  rapidly  joined  together.  After  the 
pipe  had  been  placed  in  an  upright  position  on  the  bottom  a  pomp  or  plunger  about 
4  fe<^t  long,  having  a  valve  at  its  lower  end,  was  raised  and  lowered,  or  pumped  in 
the  pipe.     Even  in  the  hardest  material  encountered,  by  increasing  the  rapidity  of  the 
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pumping  tlio  pipe  was  made  to  pass  qnite  readily  into  it ;  the  material  found  in  the 
phmger  ea<'h  time  it  was  brought  on  deck,  together  with  the  measured  distance  of 
penetration*  gave  the  different  strata  and  their  thiokiipss  through  which  the  pipe 
]ia8.sed.  The  plunger  was  worked  from  the  gaff  of  the  vessel,  which  was  guyed 
directly  over  the  pipe  as  it  stood  in  the  water.  The  borings  were  made  almost 
entirely  during  the  ebb  tiow  of  the  tide,  an  the  ebb-currents  with  little  or  no  wind 
tend  to  keep  (mt  the  heavy  swell  of  the  sea  from  the  harbor.  In  all  cases  afher  the 
tiat  was  moored  it  wa,s  f(»und  impossible  to  work  more  than  four  hours  in  one  position, 
as  by  that  time  there  were  such  cliangesin  the  currents,  wind,  or  the  amount  of  ocean 
swell  that  it  was  impossible  to  keep  the  tiat  in  position  with  sutUcient  steadiness  to 
continue  work. 

In  connection  with  the  borings,  surfaee-curreuts  during  the  different  stages  of  the 
tide  were  also  observed  at  each  station  during  periods  of  i»erfect  calms.  The  result  of 
these  obser\'ation8  still  further  prt)ves  that  both  the  llm>d  ami  ebb  tides  make  their  ap- 
}»earance  at  the  north  end  of  the  bar  tirst,  their  effect  parsing  toward  the  south  along 
the  bar.  A  detailed  statement  of  these  obsel*^'ations  was  subiuitted  Februaiy  '20,  1878. 
Very  respectfully,  your  most  obedient  servant, 

J  AS.  C.  Post, 
Captain  of  Enyhieers, 

Lieut.  Col.  Q.  A.  Gillmore, 

Corps  of  Engineers. 


REPORT    OF    CAPT.     JAMES    C.     POST,     CORPS    OF    EXGIXEEUS,    ON    Sl'RVEY    OF    BEACH 

CHANNEL. 

Moi'LTRiEViLLE,  8.  C,  Auffust  24,  1877. 

Or>LONEL:  I  forward  to-day  by  express  the  chart  prepared  from  the  survey  of  Beach 
Channel,  Charleston  Harbor,  made  in  accordance  with  instructions  received  July  14, 
1877. 

Current  observations  were  taken  in  Beach  Channel,  Swash  Channel,  near  Fort 
Sumter,  and  above  or  west  of  the  jetty,  to  determine  the  direction  of  the  ebb  and 
flood  currents,  and  the  relative  times  of  ebb  and  flood  slack  water.  Observations  were 
also  taken  at  the  same  time  on  the  tide-gauge,  which  was  placed  on  the  east  side  of 
the  jetty,  about  50  feet  from  its  outer  end,  to  note  the  state  of  the  tide.  Mean  low- 
water  was  determined  on  this  gauge  by  referring  it  to  the  Coast  Survey  bench-mark  on 
the  custom-house  steps  in  the  city  of  Charleston. 

The  floats  used  consisted  of  pieces  of  4-inch  by  5-inch  scantling  from  6  to  8  feet 
long,  weighted  on  one  end  so  as  to  stand  upright,  with  from  4  inches  to  9  inches  above 
the  surface  of  the  water. 

The  following  are  the  results  of  these  observations : 

nMES  OF   EBB  AND  FLOOD   SLACK    WATER. 

Juguet  1. 
[Wind  S.  £.,  light:  tide,  neap:  !tla<k  water,  ebb  to  flood.] 


Station. 


Time. 


Height  of  water. 


Middle  of  Beach  Channel,  opposite  Murray's  bonse r».51  p.  m. .    3  inches  above  low- water. 

iW-gauge 6.40  p.  m . .    X.ow>water. 

August  10. 

[Wind,  X.,  veering  to  S.;  tide,  spring:  slack  water,  ebb  to  flood.] 


Station. 


Thne. 


Height  of  water. 


Beach  Channel,  opposite  Murray's  house !  1.50  p.  m.. 

Tide-gauge 2.10  p.m.. 

Off  jeitv I  2.50  p.m.. 

Hwash  Channel,  opposite  Murray's,  with  Fort  Johnson  wharf  '  3.15  p.  m.. 
just  clearing  Fort  Sumter  on  the  south. 


1  inch  above  low-water. 

Low-water. 

2^  inches  above  low-water. 

6  inches  above  low- water. 
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Au4fU8t  14. 

[Wind.  X.  Fi.;  tido,  noap;  rIrcIc  water,  from  ebb  to  flood.] 


Station. 


Beach  Channel,  opposite  Mnrray'B 

Beach  Channel,  opposite  Steinuieyer's 

Beach  Channel,  opfiosite  McXulty'n 

Beach  Channel  3oO  yards  caat  of  Station  C  on  chart. . 

Tide-Kauf;e 

Off  jetty ,  30  feet  on  lino  of  north  fh>nt  of  Fort  Moultrie . 


Time. 


Direction  of  ciir- 
reut«  on  ebb. 


5.52p.m..    E 

COO  p.  m..|  E 

6.15  p.  m..l  E 

6.15  p.  m..|  E 

6.20  p.  m..| 

6.57  p.  m..j  S.  E.  bvE  . 


Direction  of  cur- 
rents on  flood. 


W. 
W. 
W. 
W. 

N.  W.  by  W. 


August  15. 
[Wind,  S.,  light ;  tide,  neap ;  slack  water,  floo<l  to  ebb.] 


Station. 


Time. 


I  Direction  of  cur- 
I    i-ente  on  flood. 


Direction  of  cur- 
rents on  ebb. 


Height  of  water. 


Beach  Channel,  opposite  j  1.24  p.  m 

Murray's.  " 

Off  jetty,  on  line  of  north     1.15  p.  m..    X.  W.  by  X. 

front  of  Fort  Moultrie, 

300  feet  from  outer  end  < 

of  jetty.  I  I 

Tide-gauge 1.0.'»  p.  m . 

Half- way  between  Patap- 1  1.10  p.  m. 

8C«  buoy  and  Fort  Sum- 
ter. 
.Swash  Channel,  same  as     1.30  p.  m. 

before.  I 


S.  E.  bvE 


W.  by  N. 


.  -    E.  S.  E  . . . . 

I 


\  inch  above  low-water. 
Low-water. 


T-.<)W-water, 
Low- water. 


1  inch  aljove  low- water. 


August  15. 
[Wind,  S..  strong;  tide,  neap,-  slack  water,  ebb  to  flootl.] 


Station. 

Time. 

Direction  of  cur- 
rente  on  ebb. 

Direction  of  cur- 
rents on  flood. 

Height  of  water. 

Beach  Channel,  same  . .  r 

6.40  p.  m.. 
7.15  p.  m . 

E 

W 

h  inch  above  low- water. 
Low*  water. 

Tide-eause            

Off  jetty,  same 

7.50  p.m.. 
7.50  p.m.. 

E.  by  S 

W.  byX 

2^ eta:  Fort  Sumter,  same. . 

Sea  too  high  to  keep  a  boat  iu  Swash  Chauuel. 

August  17. 
[Xo  wind :  tide,  neap;  slack  water,  ebb  to  flood.] 


Station. 

Time. 

Direction  of  cur- 
rents on  ebb. 

Direction  of  cur- 
rents on  flood. 

Height  of  water. 

Beach  Channel,  same 

7.45  a.  m . . 
8.00  a.  m  . . 

B   

W 

1  inch  above  low-water. 
Low-water. 

200  feet  ftt>m  Patapaoo 
buoy  toward  Fort  Sum- 
ter. 

2iidway  in  channel,  be- 
tween Forts  Sumter 
and  Moultrie. 

8.23  a.  m  . . 
8  35  a.  m 

E.S.K 

E.  by  S 

N.  W 

1  inch  above  low-water. 

W.byX 

2  inches  above  low-watAr 

August  17. 

[Wind,  S.,  fresh:  tide,  neap;  slack  water,  floo<l  to  ebb.] 


Station. 

Time. 

Direction  of  cur- 
rent on  flood. 

Direction  of  cur- 
rent on  ebb. 

Height  of  water. 

TidA-craiicre 

2  45  p.  m  . 

Low-water. 

3.20  p.  m  . . 
3.25  p.  m  . . 

w 

E 

14  Inches  above  low- water. 
Do. 

Xear  Patapsco  buoy,  same  . 

X.W 

S.E.byE 
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Gorrent  and  wind  so  strong  could  not  keep  anchored  in  mid-channel  to  take  obser- 
vations. 

The  low-water  mentioned  in  all  of  the  above  observations  is  the  observed  low-water 
for  each  day. 

DIRECTIONS  OF   THE   EBB   AND   FLOOD   CURRENTS  TUUOUC.II  BEACH  CHANNEL. 

Auifuet  1. 

Slack  water  flood ;  light  8.  E.  wind ;  high-water  on  gange^  12.20  p.  m. ;  100  feet 
fipom  end  of  jetty  towai-d  Fort  Sumter  ebb  began  12.42  p.  m. 

Ist  float  started  12.42  p.  m. :  course  S.  S.  E.  for  500fe*t,  afterward  E.  8.  E. ;  1.03 
p.  m.  floats  grounded  on  Dninlten  Dick  Shoal,  opposite  flag-stafl*  on  chart,  half-way 
between  Murray's  house  and  station  B,  in  7  feet  of  water. 

2d  float  started  1.12  p.  m, ;  tide  3^  inches  below  high-water  on  gauge;  1.15  p.  m. 
opposite  jetty  and  300  feet  from  its  course  S.  S.  E. ;  500  feet  beyond  jetty  changed 
course  to  N.  £. ;  1.20  p.  m.  changed  course  to  N.,  opposite  flag-stan  before  mentioned; 
1.22  p.  m.  crossed  Di'uuken  Dick  Shoal  to  Beach  Channel ;  1.25  p.  m.  float  in  Beach 
Channel  opposite  Murray's  house. 

3d  float  started  1.42  p.  m. ;  tide  9  inches  below  high-water;  1.  45  p.  m.  opposite  jetty 
and  300  feet  distant,  course  S.  S.  E. ;  300  feet  S.  E.  of  jetty  changed  course  to  N.  E. ; 
opposite  flag-stafl^  crossed  Drunken  Dick  Shoal,  course  £. 

4th  float  started  2.12  p.  m. ;  tide  1  foot  1^  inches  below  high- water ;  2.14  p.  m.  passed 
jetty  same  distance  att  before,  course  same ;  2. 19  p.  m.  float  crossed  Drunken  Dick 
Shoal  half-way  between  Murray's  and  Stein meyer's  houses. 

5th  float  started  2.42  p.  m. ;  tide,  1  foot  6^  inches  below  high- water ;  passed  jetty  at 
same  distance;  2.44  p.  m.  course  same;  float  opposite  Steinmeyer's  started  to  cross  to 
Beach  Channel ;  water  too  rough  on  shoal  opposite  Steinmeyer's  to  follow  float. 

6th  float  started  3.14  p.  ra. ;  tide.  2  feet  below  high-water;  course  of  float  by  jetty, 
8.  E.  bv  S. ;  afterward  took  same  direction  as  5th  float. 

7th  float  started  3.42  p.  m. ;  tide,  2  feet  4i  inches  below  high-water;  course  same  as 
last. 

8th  float  started  4.42  p.  m. ;  tide,  3  feet  2^  inches  below  high-water;  course  of  float 
same  as  last. 

9th  float  st-arted  5.12  p.  m. ;  tide,  3  feet  5^  inches  below  high-water;  course,  same  ; 
low- water  6.40  p.  m.  j  low-water  4  ifeet  below  high-water. 

August  2. 

Flood-tide;  light  N.  E.  wind ;  neap  tide,  low-water  on  gauge  6.45  a.  m. 

Ist  float  started  mid-channel,  opposite  Steinmeyer's,  8.*J)  a.  m. ;  height  of  water  on 
gauge,  1  foot  above  low-water ;  float  crossed  Dnmkeii  Dick  Shoal  half  way  between 
nag-st'afl'  and  station  B ;  velocity  of  currents  between  points  marked  current  stations 
en  chart,  2.5  feet  per  second. 

2d  float  started  same  place  8.44  a.  m.;  height  of  water,  1  foot  5  inches  above  low- 
water  ;  float  crossed  Drunken  Dick  Shoal  a  little  nearer  the  jetty  than  before ;  velocity, 
2.8  feet  per  second. 

3d  float  started  same  place  9.40  a.  m.;  height  of  water,  2  feet  7^  inches  above  low- 
water:  float  crossed  Drunken  Dick  Shoal  still  nearer  jetty ;  velocity,  2.8  feet  per 
second. 

4th  float  started  same  place  10.20  a.m.;  height  of  water,  3  feet  5  inches  above  low- 
water:  float  crossed  Drunken  Dick  Shoal  opposite  station  B ;  velocity,  2.8  feet  per 
second. 

5th  float  started  same  place  11  a.  m.;  height  of  water,  4  feet  above  low-water; 
crossed  Drunken  Dick  Shoal  about  same  place ;  velocity,  2.6  feet  per  second. 

6th  float  started  same  place  11.40  a.  m.;  height  of  water,  4  feet  5  inches  alwve  low- 
water  ;  gn)unded  on  Drunken  Dick  Shoal  about  one-fourth  of  the  distance  between 
station  B  and  jetty  from  the  former ;  velocity,  2.4  feet  per  second. 

7th  float  started  same  place  12.20  a.  m.;  height  of  water,  4  feet  8|  inches;  passed 
over  jetty  just  outside  of  portion  lowered  during  past  year;  velocity,  2.1  feet  per 
second;  high-water  on  gauge,  12.45  a.m.;  rise  of  tide,  4  feet  9^  inches. 

The  above  observations  on  the  flood-tide  form  part  of  a  series  taken  opposite  Stein- 
meyer's  house  every  20  minutes  through  the  consecutive  tides  for  obtaining  the  rela- 
tive volumes  of  water  pacing  through  this  channel  on  the  flood  and  ebb  tiues. 

Duration  of  the  flood-tide  7^  20" ;  duration  of  el>b-tide,  4»»  28'n ;  time  of  flood- 
tide  on  gauge,  6"*.  The  flood-tide  commenced  25™  before  low-water,  and  continued 
55^  after  high-water.    Time  of  ebb-tiHe  on  gauge  for  this  day  was  not  taken.    The 

?roportion  obtained  between  the  volumes  of  the  ebb  and  flood  tides  on  this  dajr  was 
to  3.    These  observations  were  taken  on  a  single  line  of  the  channel,  the  line  of 
deepest  water  being  selected.    The  maximum  curreut  on  the  flood  was  2.9  feet  per 
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second.  This  xrae  obtained  dnring  its  second  quarter.  At  the  end  of  thiu  quarter 
the  ti<le  still  had  a  velocity  of  2.8  ltH4  i>er  second. 

After  this  the  velocity  steadily  decreased.  A  velocity  of  1.8  feet  per  second  wafl  ob- 
tained on  the  ebb  after  the  tide  had  fallen  10  inches,  of  during  the  first  quarter.  The 
niaxininni  velocity,  1.85  feet  per  second,  was  obtained  40n'  later,  when  the  tide  had 
fallen  1  foot  6  inches.  At  half-tide,  or  when  the  water  liad  fallen  2  feet  5  inches  be- 
low high-water,  this  velocity  was  i-ednced  to  0.8  foot  per  second. 

Other  obsei->ations  (m  the* Hood  current  wei*e  taken  August  14,  at  different  points  of 
Beach  Chiinnel.  A  brisk  southexist  wind  was  blowinj;  at  the  time,  with  a  hea^'y  sea 
breaking  over  Dninken  Dick  Shoal.     Time,  about  halt-tide. 

Ist.  Middle  of  Beach  Channel  on  Sullivan's  Island  range  lights ;  diiection  of  cur- 
rent toward  lowen'd  jwrtion  of  jetty. 

2<l.  Opposite  Murray's ;  direction  of  current  toward  ojiening  between  Drunken  Dick 
Shoal  and  jetty. 

«kl.  OpiHisite  Steinmeyer's ;  direction  of  current  toward  west  end  of  Dninken  Dick 
Sljoal. 

4th.  Opposite  McNulty's;  direction  of  current  toward  Drunken  Dick  Shoal,  oppo- 
site station  B. 

5th.  OpiM)site  station  C ;  direct i<m  of  cuiTent  toward  Drunken  Dick  Shoal,  opi>osite 
Mun-ay's. 

6th.  At  sea-buoy  of  channel :  direction  of  current  toward  Drunken  Dick  Shoal,  op- 
posite Steinmeyer's. 

It  was  also  oi>served  during  the  fii-st  quarter  of  the  flood-tide  that  the  current  pass- 
ing between  Drunken  Dick  Shoal  and  the  end  of  the  jetty  was  directed  toward  Fort 
Sumter,  with  a  slight  eddy  on  the  west  side  of  the  jetty.  Later  its  direction  wjie 
west  by  north,  and  the  eddy  to  the  west  of  the  jetty  was  increased  till  about  half-tide, 
when  it  was  decreawd  by  the  flow  of  the  water  over  the  lowered  portion  of  the  jetty. 

After  the  first  quarter  of  the  ebb,  the  cniTent  l)ecame  ver>'  rapid  and  strong  around 
the  end  of  the  jetty  and  Drunken  Dick  Shoal.  At  a  distance  of  ftom  50  to  75  feet 
from  the  end  of  the  jetty,  this  cun*ent  is  divided.  .That  portion  neart^st  the  jetty 
passes  inside  the  shoal  and  fonns  an  eddy  in  the  rear  of  the  former,  while  that  portion 
beyond  this  distance  passes  to  the  south  of  the  shoal. 

These  strong  currents  continued  till  near  low-water. 

It  was  also  observed  that  during  the  last  half  of  the  ebb  and  first  half  of  the  flood 
there  waa  so  strong  a  current  passing  over  the  shoal  in  front  of  Steinmeyer's  that 
even  during  calm  w€»ather  the  water  at  this  point  was  very  rough.  The  current  on 
the  ebb-tide  appeared  to  be  the  stronger  of  the  two. 

COXCLISIDXS. 

From  the  foregoing  obserx-ations  the  following  conclusions  are  drawn  : 

1st.  That  the  portion  of  the  flood  current  in  Beach  Channel  trom  oi)pOHit4»  Stein- 
meyer's house  to  the  jetty,  which  exists  before  low-water  and  continues  after  high- 
water,  is  the  result  of  an  eddy,  caused  by  the  ebb  ciiri*ent,  passing  along  the  heaa  of 
Drunken  Dick  Shoal  and  tin*  end  of  the  jetty. 

2d.  That  the  flood-tide  entei-s  Bi'ach  Channel  before  it  does  the  Swash  (*h an nel,  and 
that  in  passing  tlu'ough  Beach  Cluuniel  a  large  portion  of  it  csi-apes  across  Drunken 
Dick  Shoal,  from  opposite  Steinmeyer's  to  the  western  end  of  the  shoal.  The  general 
direction  of  the  cnn*ent  of  this  tide  is  toward  Fort  Sumter,  near  which  the  observa- 
tions show  that  the  flood  current  is  felt  befoi-e-  it  ai)iK»ars  in  the  Swash  Channel. 

Further  observations  may  show  that  the  direction  of  this  current  neai*  Fort  Sum- 
ter is  partially  due  to  an  eddy  created  by  the  fort  and  the  shoal  al>out  it. 

3d.  That  the  greater  portion  of  the  ebb  which  i)a.ss<'s  along  the  shore  of  Sullivan's 
Island  is  deflected  by  the  jetty  outside  of  Drunken  Dick  Shoal,  and  that  a  large  pro- 
))ortion  of  the  deflecte<l  ebb  crosses  this  shoal  into  B<*ach  Channel  between  its  western 
eiifl  and  opjiosite  Steinmeyer's  houm>. 

From  these  conclusions  it  will  at  once  l>e  seen  that  the  narrow  channel  from  oppo- 
site Steinmeyer's  house  to  the  jetty  is  the  result  of  the  escape  of  the  large  portion  of 
both  the  flood  and  ebb  tides  acn»ss  Dninken  Dick  Shoal  fmm  this  point  to  the  jetty, 
and  that  any  project  looking  to  the  improvement  of  this  (channel  must  contem}>Iato 
confining  these  tidal  currents  to  the  Bejich  Channel  throughout  its  extent. 

The  narrowest  part  of  this  channel  is  at  the  extreme  westeni  end  of  the  shoal,  where 
it  is  now  but  75  ft'et  wide  between  the  9-feet  curves  where  a  little  more  than  a  year 
ago  it  was  200  feet  wide  and  Vi  feet  deep  and  again  in  June  lost  it  waa  reported  to  be 
14  feet  at  low- water. 

This  diminution  of  >^idth  is  the  result  of  the  movement  of  Dninken  Dick  Shoal,  while 
the  shoaling  has  nndonbt^'dly  b(H)n  influence<ir  greatly  by  the  southeast  winds  which 
cause  a  heavy  sea  to  break  along  the  crest  of  Dninken  Dick. 

At  or  near  high- water  these  seas  often  paas  entirely  over  this  shoal  and  break  upon 
the  beach  beyond. 
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South  and  southeasterly  wiimIh  linvi-  ]>re vailed  iu  a  arvn'.  <U'«rr«M'  Hiiu'e  July  1. 

It  \va«  intended  ti»  ascertain  what  acfi(»n^  if  »uy,  tiie  wrsU-iiy  winds  had  on  the  cur- 
rents about  the  head  of  the  jetty,  but  durin^^  the  tiuje  taken  for  the  survey  there  wei-e 
none  of  sufHeieut  strength  to  have  any  effect. 

To  confine  the  tidal  cun-ents  passing  through  the  outer  or  sea  end  of  Beach  Channel, 
or  such  portion  of  them  as  will  give  an  available  channel  for  commerce  throughout  its 
extent,  it  will  b©  necessarj-,  in  my  estimation,  to  us©  some  artificial  moans  inVoiniection 
with  dredging  to  deflect  the  ebb-tide  which  now  passes  to  the  south  of  the  head  of 
Dmnken  DicK,  and  afterward  crosses  this  shoal,  into  Beach  Channel. 

The  a<'tion  of  this  current  would  be  to  give  an  increased  channel-way  through  what 
is  now  the  shoalest  and  naiTOwest  i>ortion  of  the  channel  by  removing  the  biilk-heail 
now  formed  by  the  flood-tide  near  the  jetty.  The  removal  of  this  bulk-head  would 
also  increase  the  flow  of  the  flood  current  thnmgh  this  portion  of  the  channel. 

For  this  purpose  I  wouM  respt^ctfully  suggest  a  jetty  made  of  palmetto  cribs  ])ro])- 
erly  weighted  with  stone  ballast. 

The  outer  or  westerii  iH»rtion  of  this  jetty  should  extend  from  the  south  side  of  the 
western  end  of  Dmnken  Dick  Shoal  to  the  Hubmerged  out<'r  end  of  the  Bowman  jetty. 

The  outer  end  in  this  way  wouhl  Im*  protected,  in  a  great  measure,  fi*om  the  under- 
mining influences  of  the  e<ldy  currents  on  the  ebb  and  flocwl  tides. 

This  would  give  .in  opening  between  the  two  jetties  of  5()0  feet  in  width. 

The  length  and  direction  of  the  eastern  portion  of  this  jetty  should  l)e  determinwl 
by  the  results  obtained  from-  the  construction  of  its  western  end. 

In  this  manner  I  believe  the  whole  of  the  western  end  of  Drunken  Dick  Shoal  could 
be  remove<l  and  a  constant  channel  of  suflicient  size  obtained,  without  endangering 
the  channel  by  an  increase  of  flow  on  the  ebb  beyond  what  there  is  at  present  through 
its  eastern  end. 

This  jetty  would  also  break  the  force  of  the  sontheast  seas,  which  now  tend  to  fill 
up  this  channel. 

iSoun<lings  taken  from  opposite  station  C  to  the  sea-buoy  of  Beach  Channel,  and 
from  there  to  deep  water  in  a  southeasterly  direction,  show  the  same  depth  of  water  as 
given  on  the  Coast  Survey  chart  of  1870. 

For  the  protection  of  the  Jetty  I  would  also  suggest  the  coustniction  of  short  per- 
pendicular wings  at  intervals  along  its  sides  to  create  eddies  and  cause  a  deposit  of 
«and  at  its  base. 

The  further  lowering  of  the  Bowman  jetty  to  16  feet,  mean  low-water,  seems  to  me 
to  be  inadvisable,  as  the  action  of  the  current*  has  already  <^aused  the  western  end  of 
Drunken  Dick  Shoal  to  move  to  the  north  as  fast  as  the  jetty  was  lowered,  and  it  is 
probable  that  this  would  continue  shoulil  a  greater  portion  of  the  jetty  l>e  lowered. 
Very  respectfully,  your  obedient  servant, 


Lieut.  Col.  Q.  A.  Gillmork, 

Cot'ps  of  EmjineerH,  V.  S.  A. 


J  AS.  C.  Post, 
Vaptaiu  ICnffineerft. 


COMMERCIAL  STATISTICS. 

CHARLESTON'  CHAMBKK   OF   COMMKRCT., 

Charleston,  S.  C,  June  12,  1878. 

Sir:  In  reply  to  your  communication  of  the  27th  ultimo,  with  copy  of  the  a<'t  of 
Congress  approved  July  27,  18(3d,  and  requesting  such  inforumtiou  as  I  can  supply, 
tending  to  snow  to  what  extent  the  general  commerce  of  the. country  will  be  pronH)t<»«l 
hy  the  contemplate<l  works  of  innu-oveni«'nt  at  the  entrance  of  this  harbor,  with  a 
view  to  answer  the  reqnirements  of  said  act,  I  l)eg  leave  to  say  that  it  may  safely  be 
assumed  that  whatever  tends  to  advance  the  commercial  interests  and  })rosperity  of 
the  port  of  Charleston  incr€*aseh  the  resources  and  revenue  of  the  country,  tends  to 
the  promotion  of  the  general  good,  and  subserves  the  conmiercial  and  navigation  in- 
terests of  the  United  States. 

The  large  vested  interests  of  the  citizens  of  Charleston  in  wharves,  warehouses, 
hanks,  raiuroads,  and  other  property,  contingent  and  dependent  upon  the  commerct*  of 
that  port,  requires  the  same  protection  as  is  given  by  government  to  other  cities,  through 
works  of  improvement  to  their  harlioi-s,  whereby  large  vessels  suited  to  her  trade  can 
enter  and  depart  in  safety. 

A  greater  depth  of  water  is  required  over  the  bar  at  this  harbor  to  admit  the  largest 
class  of  merchant  steamers  and  siiiling-vessels  to  load  with  heavy  cargoes  of  cotton, 
naval  stores,  phosphate  rock,  as  well  Us  grain  and  other  produce  of  the  Western  States, 
for  Europe.  Vessels  of  a  larger  class  and  drawing  more  water  than  can  now  enter 
the  port  are  required  for  the  trade,  and  such  vessels  can  be  sailed  with  greater  econom  y 
in  proportion  to  their  tonnage,  than  smaller  vessels. 
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Deep  water,  such  as  is  required  at  Charleston,  is  regarded  as  a  commercial  necefisity. 
Unless  it  be  secured  here,  and  at  other  ports  requiring  like  assistance,  effort*  will  bo 
made  to  build  up  new  ports  which  have  no  claim  or  advantage  except  depth  of  water. 
About  130,000,000  are  invested  in  Charleston  for  the  accommodation  of  trade  and  com- 
merce. This  will  be  promoted  and  enhanced  in  value  if  the  proposed  works  be  carried 
out.  If  not,  it  will  be  impaired  in  vahie,  aud  many  millions  of  dollars  will  be  needed 
to  give  new  ports  the  facilities  Charleston  already  pot^esses.  In  other  words,  the  ex- 
penditure of  loss  than  |2,000,000  will  save  $.30,000,000  now  in  existence,  and  avoid  the 
supposed  necessity  to  invest  many  more  in  wharves,  warehouses,  &c.,  at  some  deejv 
water  port. 

The  report  of  the  United  States  Board  of  En^neers  upon  the  project  of  General 
Gillmore  for  the  permanent  improvement  of  the  ship-channel  at  the  entrance  of  Charles- 
ton Harbor,  and  in  which  report  General  Humphreys,  the  Chief  of  Engineers,  fully 
concurs,  sets  forth  "  that  the  channel  over  the  bar  can  be  improved  to  a  probable  depth 
of  21  feet  at  mean  low-water  by  the  use  of  jetties  submerged  in  whole  or  in  part." 
The  greatest  depth  of  water  over  the  deepest  chaimel  into  the  liarbor  is  from  12  to  13 
feet  at  mean  low  tide,  and  the  proposed  improvement,  which  is  deemed  entirely  prac- 
ticable by  the  highest  engineering  authority,  both  civil  aud  military,  will  enable  ships 
drawing  25  to  26  feet  of  water  to  cross  the  bar  in  pei-fect  safety  at  ordinary  high  tides. 
This  depth  of  water  is  all  that  is  required  to  insui'e  to  Charleston  those  advantages  of 
trade  aud  commerce  to  which  her  geographical  position  entitles  her,  and  which  her 

present  wants  and  future  prospects  seem  to  demand. 

«  «  »         ■  #  «  »  « 

We  are  not  envious  of  our  sister  cities  of  the  South  or  elsewhere  j  we  are  glad  to* 
see  them  prosper,  and  congratulate  them  on  their  enterprise  and  influence  in  the 
national  councils,  but  the  records  of  Congress  will  show  how  much  the  commercial 
interests  of  this  city  and  of  the  country  naturally  tributary  to  it  have  been  neglected 
by  the  general  government.  The  $t>ate  of  South  Carolina  has  expended  $200,000  for 
the  improvement  of  Charleston  Harbor,  being  more  than  has  been  appropriated  by  the 
general  government  for  that  purpose  since  the  adoption  of  the  Federal  Constitution, 
not  one  dollar  of  which  has  been  refunded  to  the  State.  The  city  of  Charleston  has 
also  expended  from  ite  treasury  over  $25,000  for  the  same  purpose,  without  any  return 
from  government. 

The  proposed  improvements  to  Charleston  Harbor  would  give  to  the  country  an 
Atlantic  port  easy  of  access,  amply  conmio<lious,  and  perfectly  safe  for  shipping  in  time 
of  peace,  and  equally  easy  of  aeiense  iu  time  of  war  against  the  greatest  maritime 
powers. 

I  would  further  state  that  by  a  railroad  now  under  construction  our  sj-stem  of  rail- 
roads will  soon  be  more  closely  connected  with  that  of  the  West  and  Northwest,  and 
will  offer  to  the  grain-growers  of  that  section  the  shortest,  cheapest,  and  most  reliable 
route  by  which  to  send  their  productions  to  European,  Soutn  American,  and  West 
Indian  markets.  This  route  will  shorten  the  distance  from  Cincinnati  to  the  Atlantic 
by  about  200  miles.  It  will  cost  less  to  construct  than  any  other  road  crossing  the 
Blue  Ridge  and  AUeghanies,  and  will  throughout  most  of  ita  length  be  free  from  the 
obstructions  which  in  winter  cause  so  much  annoyance,  delay,  and  expense  over  roads 
leading  to  more  northern  cities.  It  needs  but  the  assurance  of  deep  water  on  our  bar 
to  insure  the  speedy  completion  of  this  route,  which  has  another  strong  claim  on  the 
fostering  care  of  the  general  government,  which  is,  that  in  the  event  of  war  with  any 
of  the  great  powers  of  Europe  it  would  offer  a  perfectly  secure  and  direct  line  of  com- 
munication between  the  Northwest,  South,  and  Southeast,  protected  as  it  would  be 
by  impassable  mountain  ranges  through  the  greater  part  of  its  course. 

It  was  mainly  from  a  knowledge  of  the  a<l vantages  to  result  to  Charleston  and  the 
country  at  large  that  the  Chamber  of  Commerce  in  March,  1828,  through  its  committee 
of  inquirv,  reported  in  favor  of  the  construction  of  the  pi-esent  South  Canilina  Rail- 
road, with  a  view  to  other  railroad  extensions  to  the  West.  In  the  same  year,  u^wn  appli- 
cation to  the  United  Stat<*s  Engineer  Department,  Col.  William  Howsird,  irnited  States 
civil  engineer,  with  a  competent  corps  of  a^ssistants,  was  detached  to  examine  and  rei)ort 
upon  the  proposed  railroad.  In  January,  1829,  Colonel  Howard  made  his  preUniinary 
report,  in  which  he  urges  *'  the  benefit**  to  result  from  the  extensi<m  of  this  road  to  the 
Tennessee  River,  and  Uirough  it  to  the  fertile  regions  of  the  West."  This  extension, 
he  continues,  should  be  kept  steadily  in  view  to  its  ultimate  accomplishment ;  and  , 
further,  that  the  amount  of  trade  will  serve  **  to  animate  the  district  of  country  through 
which  the  road  will  pa^s,  and  restore  the  commercial  capital  of  the  State  to  far  more 
than  its  former  prosperity." 

There  wa«  a  period  in  the  early  part  of  this  century  when  Charleston  was  one  of 
the  largest  commercial  cities  of  the  Union,  equaling  or  fturi)sissing  in  population  and 
the  value  of  her  exports  nearly  all  of  the  Atlantic  and  Gulf  ports.  At  that  period  the 
vessels  engaged  in  the  foreign  aud  coastwise  trade  of  the  country  wereof  li^^ht  draught, 
and  the  deptli  of  water  over  our  bar  was  sunply  sutticient  to  admit  the  largest  mer- 
chantmen of  the  times. 
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In  later  years,  when  vessels  of  greater  size  and  draught  of  water  were  built,  those 
ports  whose  harbors  were  unobstructed  by  shoals,  or  which  have  been  improved  by 
government  expenditure,  and  could  admit  this  larger  class  of  vessels,  drew  off  a  great 
part  of  the  export  trade  which  should  have  come  to  Charleston,  and  have  been  in  that 
way  built  up  partly  at  our  expense.  We  cannot  hope  to  recover  aJl  of  this  lost  trmle, 
but  we  ask  onJv  in  justice  to  be  placed  upon  a  fairer  footing  with  our  competitors  by 
reasonable  harbor  improvements,  so  that  in  the  future  we  may  hold  our  own  and  share 
in  the  natural  increase  of  the  commerce  of  the  country. 

I  have  the  honor  to  be,  very  respectfullv,  your  obedient  servant, 

S.  Y.   TUPPER, 

Fresident  Charleston  Chamber  of  Commerce, 
Bvt.  Miij.  Gen.  Q.  A.  Gillmore, 

LkutenanUColonel  of  Engitiecrs^  V.  S,  A, 

Entrances  and  clearances  of  vessels  at  the  cnsfom-housej  port  of  Clmrlestony  S.  C,  from  1873 

to  1877  inclusive. 

VEaSBLS  EXTERF.l). 
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80 

34,973 
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397,642 

11,674 

1874 

510 

372, 378 

11,467 

45 
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174 

77.940 

2,198 

729 

461,  802 

14,020 

1875 

504 

382,  018 

11,649 

38 

13,144 

326 

198 

88,879 

2,404 

740 

484,041 

14,  379 

1876 

471 

340, 439 

10, 113 

44 

11,  898 

335 

224 

101,  272 

2.768 

739 

453,609 

13.216 

1877 

400 

324,919 

9,885 

32 

13,972 

308 

236 

105, 480 

2,851 

668 

444,371 

13,044 

VESSELS  CLRAItED. 


1«73 
1874 
1875 
1876 
1877 


400 
409 
461 
431 
335 


290,950 
318,  619 
328,266 
278,  744 
234,429 


9,189 
10,148 
10,830 
9,095 
7,719 


56 


17,678 
18,236 
24,679 
23,598 
22,  767 


481 
473 
555 
546 
423 


97 
192 
211 
230 
250 


47,822 
84,  205 
94,595 
103, 276 
108,  446 


1,250 
2,335 
2,  .527 
2,  812 
2,910 


553 
653 
729 
721 


356,450 
421,060 
447,540 
405, 618 
365,662 


10,020 
12,956 
13, 912 
12,4.53 
11,  052 


Year. 


Value  of  ex- 
ports. 


Valae  of 
imports. 


Import  duties 
collected. 


1873, 
1874, 
1875 
1876 

1877, 


$14,  350, 041 

17,  900, 146 
19.  6.55.  966 

18,  088, 152 
16,  917, 492 


1746, 139 
803,  573 
680,  .348 
455,562 
161,  237 


$152, 75» 
164,107 
80,656 
89,168 
46,848 


*  The  above  only  exhibits  the  number  of  vessels  in  the  roastwise  trade  that  ar*»  required  by  law  to 
eut^r  and  ch'ar  at  tlie  ouNtom-honse.  A  large  number  of  vessels  arrive  and  depart  which  are  not 
required  to  so  enter  and  clear. 

SPECIAL  REPORT  ON  PERMANENT  IMPROVEMENT  OF  THE  CHANNEL  OF 
ENTRANCE   INTO  CHARLESTON  HARBOR,  SOUTH  CAROLINA. 

Offic:^  OF  THE  Chief  op  Engineers, 

Washington^  B.  C,  May  3,  1878. 

Sir  :  I  beg  leave  to  return  herewith  the  resohition  of  the  Senate  of 
the  2oth  April,  1878,  viz— 

That  the  Secretary  of  War  be  requested  to  communicate  to  the  Senate  any  informa- 
tion in  his  department  concerning  the  practicability  and  cost  of  constructing  perma- 
nent works  ot  improvement  for  tlie  Hhip-ehaunel  at  the  entrance  into  the  harbor  of 
Charleston,  South  Carolina — 

referred  to  this  office  for  report,  and,  in  compliance  therewith,  to  submit 
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the  incloBed  copy  of  a  report  on  the  subject  recently  received  from  Lieut. 
Col.  Q.  A.  Gilhnore,  Cori)s  of  Engineers,  in  which  a  project  tbr  the  per- 
manent improvement  of  the  channel  of  entrance  into  Charleston  Harbor 
by  means  of  low  jetties,  with  a  general  estimate  of  their  pmbable  cost, 
is  presented. 

A  copy  of  the  preliminary  report  of  the  Board  of  Engineers  to  whom 
his  j)roject  was  referred  for  consideration  is  also  submitted. 

I  concur  in  the  views  of  the  Board — 

That  the  channel  over  the  bar  can  be  improved  to  a  probable  depth  at  mean  low- 
water  of  21  feet  by  the  use  of  jetties,  submerged  in  whole  or  in  part,  and  b%'  a  mode 
of  construction  very  gradual  in  its  ])rogres8,  which  will  adiliit  of  such  mouiiications 
in  the  lengths  and  heights  of  the  jetties  tis  experience  shall  dictate. 

I  further  conciu'  in  the  view — 

That  the  project  adopted  should  disturb  to  the  least  possible  degree  the  present 
regimen  of  influx  and  efflux  over  the  bar. 

The  Board  reports  that  the  estimated  cost  of  the  proposed  improve- 
ment will  vary,  according  to  the  extent  of  the  project  which  may  be 
adopted,  from  $1,80(),()()0  to  $3,000,000. 

Lieutenant-Colonel  GiJlmore  recommends  the  annual  appropriation  of 
about  $500,000  in  foui*  successive  years,  a  reconmiendation  in  which  I 
concur. 

Yery  respectfully,  yoiu'  obedient  servant, 

A.  A.  HlT^rPHREYS, 

Brigadier-General  and  Chief  of  Engineers. 
lion.  Geo.  W.  McCrary, 

^Secretary  of  War, 


REPORT  OF  lieutenant-colonel  Q.  A.  GILLMORE,  CORPS  OF  EN- 
GINEERS. 

United  States  Engineer  Office, 

New  York^  March  9, 1878. 
General  :  I  have  the  lienor  to  submit  a  project,  hereinafter  described, 
for  the  permanent  improvement  of  the  channel  of  entrance  into  Charles- 
ton Harbor,  South  Carolina,  by  means  of  low  jetties,  with  a  general  es- 
timate of  their  probable  cost,  accompanied  by  two  sheets  of  di^awings, 
designated  respectively  as  Plate  I  and  Plate  II. 

THE  CHARLESTON  BAR. 

The  bar  w^hich  stretches  bow-shaped  across  the  entrance  into  Charles- 
ton Harbor,  from  SuUivan's  Island  on  the  north  to  Folly  Island  on  the 
south  side,  ha  s  not  varied  much  in  either  location,  general  direction,  or 
magnitude  within  the  period  covered  by  any  tiiistworthy  knowledge 
which  we  possess  on  the  subject. 

In  the  year  1852  a  commission,  composed  of  Prof.  A.  D.  Bache,  Super- 
intendent of  the  United  States  Coast  Survey;  Lieutenant<8  J.  N.  Maffitt, 
M.  F.  Maury,  and  C.  H.  Davis,  United  States  Ka^-y;  and  Lieut.  J.  D. 
Kurtz,  United  States  Army,  in  a  report  on  Charleston  Harbor  and  Bar. 
made  with  special  reference  to  works  of  permanent  improvement,  stated 
that  a  comparison  of  the  chart  of  1780,  published  in  Des  Barr6s'  Atlantic 
Keptune,  with  those  of  1821,  1825,  and  1851-'52,  "  shows  that  according 
to  the  earliest  records  the  bar  of  Charleston  has  varied  comparatively 
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but  little  in  extent,  dire<'tion,  or  in  dlHtance  from  the  mouth  of  the  har- 
bor." 

Measured  along  its  ci'est,  or  line  of  least  depths,  the  bar  is  ten  miles 
in  length,  it^  north  end  on  Sullivan's  Island  being  close  up  to  the  en- 
trance or  throat  of  the  harbor,  while  its  south  end,  resting  on  Folly 
Island,  is  six  miles  distant  therefrom.  Its  average  width  between  the 
18-fbot  curves  is  about  If  miles. 

In  many  places  the  highest  i>oints  of  the  bar  are  only  3  to  4  feet  below 
the  level  of  mean  low-water,  although  the  average  depths  along  the 
crest  are  considerably  greater. 

The  main  central  body  of  the  bar,  lying  near  due  north  and  south,  is 
nearly  straight  for  a  length  of  over  live  miles,  has  its  crest  parallel  to 
the  main  shore  south  of  the  enti-ance  and  at  a  mean  distance  of  about 
two  miles  from  it,  and  is  not  at  the  present  time,  and,  so  far  as  we  know, 
never  has  been  traversed  by  practicable  ship-channels. 

The  northern  and  southern  extremities  of  the  bar  are  formed  by  rather 
sharp  cur\^es,  which  connect  the  straight  portion  already  mentioned  witli 
the  shore  above  and  below  the  harlwr. 

So  far  as  we  can  now  ascertain  there  ai>pear  never  to  have  l>een  less 
than  four  nor  more  than  six  ship-channels  a<;ross  the  bar  at  any  one 
time.  The  gi'eatest  depth  of  water  has  sometimes  been  found  in  one 
channel  and  sometimes  in  another,  being  rarely  less  than  12  feet  or 
more  than  13J  feet  at  mean  low  tide. 

The  channels,  whether  four  or  more,  have  always  existe<l  in  two  groups 
or  clusters,  one  in  the  northern  and  the  other  in  the  southern  curved 
portion  of  the  bar,  and  there  has  always  been  a  deep  and  broad  anchor- 
age inside  the  straight  reach  of  the  bar  abreast  of  Morris  Island. 

This  anchorage,  sometime^  called  the  "main  channel"  and  sometimes 
the  "outer  harbor,"  varies  in  width  from  one-third  to  two-thirds  of  a 
mile  between  the  18-foot  curves,  and  in  maximum  low- water  depths  from 
20  to  45  feet.  The  direction  of  its  central  line  is  about  north  and  south, 
and  its  length  from  the  throat  of  the  harbor  between  Morris  and  Sulli- 
van's Islands  to  its  southern  terminus,  where  it  spreads  out  in  various 
channels  and  shoals  in  crossing  the  bar,  is  fully  five  miles.  At  the 
extremities  of  this  outer  harbor  or  basin,  several  miles  ai)art,  are  found 
the  two  groups  of  channels  already  mentioned,  the  most  northerly  grouj) 
being  directly  in  front  of  the  gorge  of  the  harbor. 

The  bar  is  essentially  a  drift-and-wave  bar,  produced  in  part  by  the 
upheaving  action  of  the  waves  when  they  a])inx)ach  the  shore,  and  are 
converted  by  breaking  into  waves  of  translation,  and  in  part  by  drift- 
material  carried  along  the  coast  by  surf-cuiTents,  especially  by  those 
produced  by  northeast  storms.  Tlie  peculiar  location  of  the  bar,  larg(»ly 
to  the  southward  of  the  gorge  of  the  harbor,  and  the  conditions  under 
which  a  very  large  proportion  of  the  ebb-tiow  is  diverted  from  it«  most 
direct  path,  and  forced  to  skirt  the  main  coast  for  several  miles  before 
it  can  And  a  passage  to  the  sea,  indicate  the  controlling  power  of  these 
storms. 

The  material  composing  the  surface  of  the  bar  closely  resembles  that 
usually  found  on  the  sea-slnn^e  between  high  and  low  water  in  that  se<*- 
tion  of  the  country,  being  shells  and  fragments  of  shells,  or  siliceous  sand, 
or  a  mixture  of  them  all.  It  is  easily  thrown  into  suspension  by  waves, 
and  is  moved  by  a  moderate  current. 

On  the  north  end  of  the  bar  five  borings  were  made  in  order  to  det;er- 
mine  the  character  of  the  substrata.  The  points  selected  for  boring, 
and  the  resiUts  obtained,  are  indicated  on  the  accompanying  drawings. 
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It  will  be  seen  that  below  the  surface  there  are  some  layers  or  lumps 
of  mud^  as  well  as  of  mud  mixed  with  sand,  and  mud  mixed  with  shells. 

All  the  channels  which  traverse  the  bar  are,  and,  so  far  as  we  know, 
always  have  been,  ebb-tide  channels,  produced  and  maintained  by  the 
scour  of  the  ebb-current,  except  Beach  (formerly  Maffitt's)  Channel,  the 
most  northerly  of  them  all,  which  lies  close  to  Sullivan's  Island.  This 
is  a  flood-tide'channel,  possessing  the  usual  characteristic  of  such  chan- 
nels, that  their  least  depths  are  always  found  near  their  inner  ends, 
and  therefore  in  comparatively  quiet  water.  Another  distinguishing 
feature  of  such  channels  is  that  from  the  cross-section  of  shoalest  sound- 
ings inward,  toward  the  harbor,  the  descent  into  deep  water  is  sharp  and 
sudden,  while  outward,  toward  the  ocean,  it  is  gradual  and  gentle. 

The  North  or  Cumberland  Channel  at  the  entrance  into  Cumber- 
land Sound,  Georgia,  and  the  Coney  Island  Channel  of  Kew  York  Harbor 
are  of  the  same  character. 

Inspeakingof  the  preponderance  of  the  flood  over  the  ebb  in  Cumber- 
land Channel,  in  my  report  on  the  jetty  system  as  applied  to  the  entrance 
into  Cumberland  Sound,  Georgia,  submitted  April  16,  1876, 1  say : 

The  effect  is  to  make  the  inner  slope  of  this  part  of  the  bar  very  steep ;  the  sand 
which  is  rolled  along  by  the  flood-current  on  the  bottom  of  the  outer  slope  is  first 
broght  to  rest  in  the  deep  water  of  the  inner  ba.sin.  The  ensuing  ebb-current,  which 
receives  its  velocity  and  direction  from  the  large  volume  of  Cumberland  Sound,  SAveeps 
the  inner  slope  of  the  nothem  shoals  longitudinally,  and  takes  up  this  sand  and  car> 
ries  it  out  by  the  Amelia  Basin,  depositing  it  upon  the  main  bar.  The  channel  next  to 
Cumberland  Island  is  therefore  a  flood-tide  channel,  like  the  Sullivan's  Island  or  Beach 
Channel  in  Charleston  Harbor.  They  both  possess  in  a  marked  degree  the  steep  inner 
slope  which  invariably  characterizes  a  channel  maintained  by  the  flood-tide,  which 
having  once  passed  in  is  so  much  diverted  in  its  direction  on  the  ebb,  by  the  axial  line 
of  the  tidal  basin,  that  it  cannot  flow  out  in  full  volume  through  the  same  opening, 
but  sweeps  past  its  mouth  in  its  passage  to  some  more  direct  outlet. 

Beach  Channel  was  gauged  during  the  months  of  May  and  June,  1876, 
when  it  was  found  that  on  a  section  taken  500  yards  ea«t  of  the  inner 
end  of  the  channel,  at  the  Bowman  jetty,  the  volume  flowing  out  during 
an  entire  ebb  between  the  low-water  line  on  Sullivan's  Island  and  the 
6-foot  curve  on  Drunken  Dick  Shoal,  amounted  to  only  48.8  i)er  cent, 
of  the  volume  flowing  in  during  an  entire  flood  through  the  same  section. 

On  a  section  taken  930  yarc^  ea^st  of  tlie  Bowman  jetty,  between  the 
low- water  line  on  Sullivan's  Island  and  the  10-foot  curve  on  Drunkeu 
Dick,  the  volimie  of  ebb  amounted  to  52^  per  cent,  of  the  flood. 

The  following  table  shows  the  mean  low-water  depths  in  the  several 
channels  across  the  Charleston  Bar  since  1821,  taken  from  Coast  Survey 
charts  and  other  sources  of  information  at  command.  Within  that 
period  Beach  Channel  has  not  changed  at  all  in  location  or  dii-ection, 
except  very  slighly  at  the  "  bidkhead,"  due  to  the  shortening  of  the 
jetty.  From  1856  to  1870  there  was  very  little  change  in  either  the  gen- 
eral direction  or  position  of  the  Xorth  or  Swash  Channels.  Between 
1856  and  1870  both  the  Pumpkin  Hill  Channel  and  the  main  ship-chan- 


Digitized  by  VjOOQIC 


APPENDIX  H. 


557 


nel  moved  about  half  a  mile  to  the  south wanl,  and  the  Lawford  Chanuel 
disappeared  entirely. 


Lieni4>nant  Sherburne,  XT.  S.  N 

UniU^  States  Coast  Survey 

Do 

Do 

Do 

Do 

Captain  Cullom,  United  States  EngiutH^rs 

Vuiti'd  States  Coaet  Survey 
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♦  Captain  Ludlow.  Unitwl  States  EnpiioerH  . . . 

*  Captain  Post,  United  States  Eupui^'it^ 
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*  Least  depth  given  by  sailinj;  directions  on  chart. 
t  Least  df  |)tli  Hhown  in  channel  on  ehart. 

;  Under  direetion  of  Lieut.  Col.  Q.  A.  Gilniore.  United  States  En^ineevM. 
Note. — In  IVbniary.  1875,  there  was  a  narrow  channel  in  Beach  Channel  of  14  feet  depth  at  nu>au  low 
water,  with  11-foot  lumps. 

CAPACITY   OF   THE   TIDAL  BASIN. 

The  area  of  the  tidal  basin  formed  by  Charleston  Harl)or,  as  computed 
from  the  Coast  Survey  chart  and  Mills's  Atlas  of  South  Carolina,  is 
alwiit  15  square  miles.  This  area  is  assumed  to  be  filled  duiing  ea<'h 
mean  flood-tide  by  a  layer  or  prism  of  water  5.1  feet  in  height  above  the 
mean  low-water  level.  In  addition  to  this  the  adjacent  reaches  of  the 
tributary  rivers  will  be  filled  above  their  low- water  stage  by  flood  and 
back  waters,  wlii(*h  at  the  i>eriod  of  slack-water  flood  will  form  in  each 
stream  a  wedge-shaped  mass  resting  on  the  sloping  low-water  line  of 
the  river,  and  extending  up  to  a  point  where  the  influence  of  the  tidal 
wave  ceases  to  produce  a  rise  and  fall  of  the  surface  of  the  water.  The 
lower  portions  of  these  wedge-shaped  masses  will  flow  out  through  the 
gorge  of  the  harbor  on  each  ebb-tide. 

From  these  data  it  is  estimated  that  the  average  discharge  through 
the  throat  of  the  harbor  between  SuUi van's  and  Morris  Islands,  on  each 
ebb  during  the  period  of  mean  rise  and  fall  of  tides,  amounts  to  a  little 
over  3,655^443,686  cubic  teet.  Of  this  volume  only  about  76,571,000 
cubic  feet  is  supplied  by  the  land  drainage,  on  the  assumption  that  one- 
half  the  rain-fall  reaehes  the  sea.  This  estimate  is  believed  to  be  not 
too  laige,  in  view  of  the  fact  that  the  streams  are  short  and  in  close 
l)roximity  to  the  points  of  discharge. 

For  two  or  three  days  during  the  period  of  spring-tides,  the  average 
ebb-discharge  wiU  be  augmented  to  about  4,228,846,000  cubic  feet. 

The  neap  discharges,  being  in  smaller  volumes  than  those  pertaining 
to  mean  tides,  require  no  special  mention,  as  any  tem|)orar>'  decrease  of 
scouring  x)ower  in  the  new  channel  beyond  the  jetties  resulting  there- 
from would  be  of  short  duration.  Even  if  slight  shoaling  ensued  during 
this  period,  the  maximum  depths  established  by  mean  and  spring  tide^^ 
would  be  restored  on  the  return  of  these  tides. 

The  mean  duration  of  the  ebb-flow  is  taken  at  6  hours,  that  being  the 


Digitized  by  VjOOQIC 


558         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

average  of  a  number  of  observatioiift  taken  by  Civil  Assistant  George 
Daubeny,  in  1870  and  1871,  the  longest  flow  being  0^  20",  and  the  shoiij- 
est  5^  25". 

The  average  ebb-discharge  per  second  through  the  gorge  of  the  harbor 
during  the  period  of  mean  rise  and  fall  of  tides  is  therefore  169,233  cubic 
feet  (^-"VtWo^"^)?  ^^*^  during  the  period  of  sjuing-tides  195,780  cubic  feet 
(-"ViVoV-^)?  ^^  average  rise  and  fall  at  ordinary  spring-tides  being 5.9 
feet.  No  aceount  is  here  taken  of  the  somewhat  longer  duration  of  ebb 
flow  at  average  spring- tides. 

During  very  high  siuing-tides  the  discharge  will  be  much  larger. 

With  a  rise  and  fall  of  10.3  feet  (which  has  a<itually  occurred),  the 
prism  amounts  to  about  7,382,502,000  cubic  feet,  equivalent  to  341,780 
cubic  feet  i)er  second;  nor  will  this  show  the  total  discharge,  since  the 
marshes  will  be  flooded,  and  their  area  being  estimated  at  8  square 
miles,  every  layer  of  water  over  them  3  inches  thick  will  add  55,9(i5,870 
(mbic  feet  to  the  prism,  or  2,590  cubic  feet  to  the  average  discharge  per 
second. 

It  has  not  been  deemed  expedient,  or  likely  to  give  trustworthy  re- 
sults, to  attempt  to  gauge  the  flow  through  the  gorge  of  the  harbor  by 
means  of  current- velo<!ities.  Those  taken  some  yeai-s  ago  between  Forts 
Simiter  and  Moultrie,  with  a  view  of  locating  channel  torpedoes,  proved 
the  existence  of  eddies  and  counter-currents,  and  other  irregularities  of 
flow,  to  such  degree,  especially  near  the  Sullivan's  Island  side,  that  the 
requisite  accuracy  seemed  hardly  obtainable  by  this  method. 

There  is  nothing  specially  exceptional  in  this,  for  it  is  known  that 
abnoniuil  conditions  often  characterize  the  flow  of  water  through  the 
gorge  of  a  large  tidal  basin. 

It  is  stated  by  Mr.  D.  Stevenson  that  at  Cromarty  Firth,  where  the 
waters  pa^s  to  and  from  the  sea  through  a  naiTow  gorge,  of  which  the 
width  is  about  4,500  feet  and  the  depth  about  150  feet : 

The  mean  velocity  due  to  the  colnmn  of  water  pa^ssing  this  gorge,  n»  deduced  from 
the  observed  surface- velocity,  was  not  sufficient  to  account  for  the  quantity  of  water 
actually  passed  during  each  tide,  as  determined  by  measuring  the  cubical  capacity  of 
the  basin  of  the  Firth.  This  led  to  the  observation  of  the  undercurrents  through  the 
gorge  by  means  of  submerged  doats,  au<l  it  was  found  that  during  flood-tides  the 
Hurtace-velocity  was  1.8  miles  per  hour,  while  at  the  <lepth  of  50  feet  the  velocity  waa 
not  less  than  4  miles  per  hour,  being  an  increase  of  2.3  miles  per  honr.  During  th« 
ebb-tide  the  surfai^e-velocity  was  2.7  miles  per  hour,  and  at  50  feet  depth  it  was  not . 
less  than  4.5  miles  per  hour,  being  an  increase  of  1.8  miles  per  hour. 

Anomalous  variations  and  irregularities  l)etween  the  suifa.ee  a^d  the 
subcurrent  have  also  been  found  to  exist  in  the  harbor  of  San  Francisco, 
Cal.,  and  elsewhei-e. 

For  the  foregoing  reasons,  mainly,  it  has  been  thought  best  to  use  the 
cubical  capacity  of  the  tidal  basin  and  the  rain-fall  upon  the  di'sonage- 
area  iu  estimatiag  the  average  volume  of  water  which  flows  out  and  ii^ 
through  the  gorge  of  Charleston  Harbor. 

PLAN  OP  IMPBOYSMBNT  BEOOH^ISNDBD. 

It  is  proposed  to  construct  two  jetties,  one  springing  from  Monms. 
Island  and  the  other  from  Sullivan's  Island,  converging  toward  eack. 
other  in  each  manner  that  their  outer  ends  on  the  crest  of  the  bar  shall 
be  one-half  to  five-eighths  of  a  mile  apart.  The  outer  ends  of  tha  two 
jetties  will  rest  respectively  upon  the  shoals  lying  to  the  northward  and 
southward  of  what  is  known  as  the  norUi  channel^  that  being  the  middle^ 
channel  of  the  north  group  of  three  channels,  and  having  its  lin«  of 
deepest  water  located  more  nearly  than  either  of  the  others  upon  the 
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prolongation  of  the  axis  of  deep-water  flow  through  the  gorge  of  the 
harbor  between  (.^umming'B  Point  and  Fort  Moultrie. 

Assuming  for  the  purposes  of  discussion  the  sea  ends  of  the  jetties  to 
rest  resiiectively  at  X  an<l  Y,  it  seems,  in  some  measure,  immaterial 
whether  they  be  establishtnl  upon  straight  lines,  a^  shown  at  AX  and 
BY,  Plate  I,  or  ujwn  curved  lines ;  and  if  curved,  whether  the  convexity 
be  turned  towaitl  the  central  channel,  as  at  (,-X  and  DY,  or  from  it,  as 
at  EX  and  FY.  In  either  case,  if  kept  at  the  ju^oper  heights,  they  will 
produce  an  ebb-flow  through  the  gap  able  to  maintain  a  deep  channel 
through  the  bar.  Neither  the  straight  jetties,  however,  nor  more 
e8i)ecially  those  with  their  convexity  turned  away  fiLx>m  the  channel,  act 
as  training- walls  to  guide  the  outflowing  water.  The  cursed  jetties,  con- 
vex toward  each  other,  being  less  open  to  this  objection  are  the  ones 
sulopted  in  this  project. 

The  north  jetty  starts  from  a  point  on  Sullivan's  Island,  1,800  yards 
east  of  Bowman's  jetty.  The  half  next  the  shore  is  cur\"ed  to  a  radius 
of  about  1^  miles,  the  outer  half  being  very  nearly  a  straight  line.  The 
total  length  of  this  jetty  from  C  to  X  is  7,4oO  feet,  and  its  general 
direction  is  southeast. 

The  south  jetty,  having  a  total  length  of  11,650  feet  from  D  to  Y, 
starts  fit>m  Morris  Island  at  a  point  about  650  yards  from  Cumndng's 
Point,  its  general  direction  being  east.  The  shore  end  is  curved  to  a 
radius  of  al)Out  3  miles  for  a  little  more  than  one-half  its  entire  length, 
while  the  half  next  the  sea  is  nearly  straight,  as  in  the  case  of  the  north 
jetty. 

The  specified  length  of  the  jetties  is  taken  for  i>urposes  of  discussion. 
As  will  be  seen  here^after,  they  would  not  be  able  to  produce  a  channel 
of  the  requisite  capacity  through  ceitain  matehals  which  may  be  en- 
countered in  the  bar,  although  they  would  be  expected  to  maintain  such 
a  channel  if  once  established. 

The  outer  ends  of  the  two  jetties  slightly  converge  toward  each  other  as 
they  appi-oach  the  crest  of  the  bar,  and  are  intended  to  act  as  training- 
walls  for  a  distance,  in  each  case,  quite  equal  to  half  its  entire  length. 
These  i)ortion8  lie  in  the  direction  of  the  flood-currents,  and  may  be  built 
to  any  height  without  obstructing  the  inflow.  For  rally  one-fourth  of 
their  entire  length  the  sea  ends  could  be  canied  above  the  level  of  high- 
water,  so  as  to  be  visible  at  all  stages  of  the  tide.  The  inner  portions, 
crossing  the  Beach  and  main  channels,  respectively,  might  perhaps  be 
kept  low  enough  to  allow  the  smaller  classes  of  vessels  to  pa^s  over 
them. 

One  characteristic  feature  of  the  design,  that  of  low  jetties,  is  intended 
to  maintain  the  bar  in  its  present  general  location,  with  such  moderate 
incr^bse  of  magnitude  as  may  be  expected  to  result  £com  ooneentrating 
upon  a  gap  one-half  to  five^ighths  of  a  mile  in  width  a  portion  of  the 
water  which  is  now  dispersed  over  a  width  of  10  miles. 

The  complete  success  of  the  works  is  believed  to  depend  on  three  im- 
portant conditi(ms,  which  they  are  expeeted  in  great  mea^iure  to  satisfy, 
and  which  have  be^i  kept  in  view  in  preparing  the  design,  viz : 

1.  They  should  not  impede  the  inflow  to  auoh  degree  (m  to  prevent  the  tidal 
basin  being  filled  as  now  <U  every  influw  of  the  tidal  wave. 

To  this  end  the  inner  half  of  each  jetty,  more  especially  its  central 
portion,  located  in  deep  water  across  the  thread  of  the  current,  is  kept 
several  feet  below  the  water.  The  outer  half,  being  nearly  parallel  to 
the  direction  of  the  flow,  is  built  higher,  and  the  sea  end,  for  a  distanoe 
of  several  hundred  feet,  may  be  carried  high  enough  to  be  visible  at  all 
stages  of  the  tide. 
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2.  They  should  control  the  outflow  to  such  degree  and  in  mch  manner  that 
a  channel  of  the  required  depth  icill  be  maintained  through  the  bar. 

To  this  end,  although  a  large  portion  of  the  surface  floic  will  spread 
out  over  the  tops  of  the  jetties  and  thence  over  the  bar,  the  central  flew j 
throughout  the  entire  depth  along  the  axial  line  of  the  gorge  l)etween 
Sullivan's  and  Monis  Islands,  is  aided  in  its  natural  tendency  to  reach 
the  sea  along  the  pix)longation  of  that  line  by  the  opening  left  for  it 
between  the  jetties.  The  bottom  flow  through  the  gorge  of  the  harbor 
is  deflected  on  converging  lines  by  the  jetties,  and  is  therefore  forced  in 
a  measure  to  concentrate  itself  in,  and  flow  out  thi*ough,  the  gap  between 
them.  The  outer  half  of  each  jetty  and  the  adjacent  portion  of  the  shore 
end  act  as  a  trahiing-wall  for  this  flow. 

3.  They  shmdd  not  to  any  considerable  extent  cause  a  movement  seaward 
of  the  main  body  of  the  bar  ;  that  is^  the  general  position  of  the  bar  sJiould 
be  independent  of  the  efl'ects  produced  between  and  beyond  the  heads  of  the 
jetties. 

It  is  believed  that  this  condition  will  be  secured  by  making  the  shore 
ends  of  the  jetties  low  for  at  lea^t  one-half  their  length,  or  thi'oughout 
those  portions  which  cioss  tlie  thread  of  the  current  in  deep  water,  so  as 
to  allow  the  tide  to  ebb  and  flow  somewhat  freely  over  them.  The  effect 
of  high  jetties,  with  a  cori'esiwndingly  wide  gap  between  them  to  allow 
a  full  influx  of  the  tide,  would  tend  to  transfer  the  gorge  of  the  harbor 
from  its  present  i)osition  to  the  sea  ends  of  the  jetties  and  move  the 
shore  line  out  to  that  point,  by  causing  a  filling  in  of  the  exterior  angles 
between  tlie  jetties  and  the  shore.  After  reaching  this  stage,  a  drift- 
and-wave  bar  would  i>robably  l)e  found  to  the  seaward  of  the  i)re8ent 
bar,  in  front  of  the  jetties,  rendering  it  necessary  to  extend  them  in  order 
to  cut  a  passage  through  it. 

It  seems  essential,  therefore,  that  the  agencies  which  maintain  the 
present  bar  shoiUd  remain  in  as  full  force  as  i)ossible,  consistent  with 
the  requisite  concentration  of  outflow  between  the  jetties. 

The  probable  effects  will  be  that  the  bar  will  be  raised  somewhat 
throughout  its  entii'e  length,  the  waves  will  break  upon  it  more  fre- 
quently than  now,  and  considerable  shoaling  will,  of  course,  take  place 
in  Beach  Channel  and  in  all  the  southern  group  of  channels.  But  it  is 
believed  that  the  important  condition  of  keeping  the  bar  generally  in 
its  present  position  will  be  secui'ed. 

The  drift-material  caiiied  along  the  coast  by  surf-currents,  as  well  as 
the  sand  thrown  up  by  the  breakers  on  the  north  and  south  shoals, 
instead  of  lodging  in  and  filling  up  the  exterior  angles  between  the 
jetties  and  the  shore,  a«  in  the  case  of  high  jetties,  will  be  disposed  of 
in  a  harmless  manner. 

For  example,  a  hea\y  northeasterly  storm,  producing  breakers  along 
the  north  shoal  and  strong  southerly  surf-currenii  along  the  shores  of 
Long  and  Sullivan's  Islands,  would  put  in  motion  a  large  quantity  of 
material,  a  portion  of  which  woidd  be  carried  in  by  the  flood-currents 
over  the  north  jetty  and  through  Beach  Channel,  coming  to  rest  in  the 
deep  water  of  the  main  channel.  It  would  next  be  taken  up  by  the  ebb- 
current  and  rolled  out  to  sea  l>etween  the  jetties.  Beyond  the  jetty- 
heads  it  would  encounter  the  littoral  ebb-current  moving  to  the  south- 
ward with  a  velocity  iiccelerated  by  the  storm,  by  which  it  would  be 
again  carried  in  a  southwesterly  direction,  until  finally,  left  to  the  action 
of  the  south  breakers,  it  would  be  either  dei>osited  temporarily  upon  the 
south  shoal  or  earned  still  farther  to  the  southward.  This  action,  which 
woidd  be  incessant  diuing  the  continuance  of  the  storm,  is  illustrated  in 
Figure  1,  Plate  II. 
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The  action  of  a  southerly  stonn  would  be  the  reverse  of  this.  In 
either  case  some  drift -material  would  be  carried  by  waves  and  surf- 
currents  around  the  jetty-heads,  and  would  subside  in  the  deep  water 
between  them,  to  be  swept  out  by  ensuing:  ebb-currents,  and  disposed 
of  to  the  nortiiwaid  or  southward,  according  to  the  direction  of  the 
storm. 

This  movement  of  sand  was  refeiTcd  to  in  my  report  on  the  improve- 
ment of  the  Femandina  Bar,  submitted  April  15, 187G,  from  which  the 
following  extraet  is  made: 

As'a  moderate  assumption,  a  northeaster  of  three  days'  duration  might  be  exi)ected 
to  lower  the  north  shoal  4  inches'  within  the  area  covered  by  the  breakers.  The 
greater  part  of  the  eroded  material,  amounting  to  upward  of  516,000  cubic  yards, 
woiUd  doubtless  be  distributed  along  the  south  shoal  during  the  progress  of  the  storm. 
If  the  waves  shonld  snbside  or  a  sotitherly  or  southeasterly  storm  set  iu  before  the  bar 
channel  had  returned  to  its  normal  condition,  the  material  subsequently  carried  out 
would  not  reach  the  south  shoal,  but  in  the  former  case  would  remain  near  the  outlet 
on  the  outer  slope  of  the  bar,  and  in  the  latter  would  be  carried  back  by  the  waves 
to  the  north  shoal.  If  as  much  as  one-fourth  of  it  remained  in  the  bar  channel  between 
the  inner  and  outer  18-foot  curves,  a  few  severe  storms,  such  as  frequently  occur  within 
the  period  of  a  single  month,  would  entirely  destroy  it,  by  fiUing  it  up  to  the  level  of 
the  shoal  on  either  side. 

It  would  appear,  therefore,  that  millions  of  cubic  yards  of  the  material  composing 
the  bar  might  be  shifted  back  and  forth  from  one  side  of  the  channel  outlet  to  the 
other  during  a  single  season,  without  causing  iujuiy  to  the  channel  by  shoaling,  and 
without  producing  any  changes  in  the  form  and  location  of  the  bar  itself  that  might 
not  entirelv  escape  the  notice  of  the  most  careful  sui-veyor.  And  yet  this  shifting  of 
material  oi  which  no  evidence  may  be  left  behind  should  enter  as  an  important,  if  not 
a  controlling,  function  in  the  project  of  the  engineer,  because  the  useful  life  of  his 
works  is  more  or  less  dependent  thereon. 

As  no  works  can  be  expected  to  stop  this  movement  of  drift-material 
for^any  great  length  of  time,  they  should,  if  practicable,  accommodate 
themselves  to  it  under  conditions  of  a  i)ennanent  character.  Those  pro- 
posed are  designed  to  do  this,  by  allowing  the  drift-sand  to  move  from 
one  part  of  the  bar  to  the  other  in  much  the  same  manner  as  now,  never 
remaining  in  the  jetty  channel  longer  than  a  few  tides,  and  never  Und- 
ing  a  resting-place  anywhere  that  the  next  storm  may  not  distiu*b. 

PROBABLE  EFFECT  PRODUCED  BY  THE  JETTIES. 

An  attempt  is  made  below  to  determine  by  the  use  of  appropriate 
formulie  the  principal  phenomena  of  the  ebb-flow,  after  the  jetties  shall 
have  been  constructed  and  an  enlarged  water-way  of  the  greatest  self- 
maintaining  area  has  been  established  between  them  and  the  hydraulic 
equilibrium  has  been  restored. 

The  jetties  in  this  discussion  are  first  assumed  to  occupy  the  lines  CX 
and  D Y,  Plate  I,  with  their  respective  crests  established  at  the  varying 
heights  shown  by  the  longitudinal  sections  CX  and  D  Y  on  Plate  II,  the 
sea  ends  being  half  a  mile  apart. 

The  north  jetty  crosses  the  deep'water  of  Beach  Channel  at  the  level 
of  12  feet  below  mean  low- water,  the  crest  being  held  at  that  level  for  a 
length  of  650  feet,  whence  it  rises  gradually  by  a  series  of  gentle  slopes 
to  high-water  at  each  end.  On  the  sea  end  the  part  carried  to  high- 
water  level  is  1,500  feet  long. 

The  south  jetty,  designed  on  a  similar  plan,  crosses  the  main  channel 
on  a  level  15  feet  below  mean  low-water,  the  seaward  end  for  a  length 
of  2,000  feet  having  its  crest  at  high-water. 

36  E 
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The  sectional  area  of  the  gorge  profile  between  Cnmming's  Point  and 
Sullivan's  Island  is  as  follows : 

Square  feet* 

Area  of  low-water  section 159,550 

Area  of  high-water  section 195,350 

Mean  ebb-tide  area 176,600 

The  width  of  the  surface  at  half-tide,  corresponding  to  the  mean  ebb- 
tide area,  is  6,825  feet,  and  the  wetted  perimeter  6,927  feet.  The  hydrau- 
lic radius  is,  therefore,  ^5.46  feet. 

At  mean  low- water  the  surface  width  is  6.750  feet,  the  wetted  perimeter 
6,851  feet,  and  the  hydraulic  radius  22.29  reet. 

The  area  inclosed  between  the  line  of  gorge  at  Cumming's  Point  and 
that  of  the  proposed  jetties  and  gap  is  2.16  square  miles. 

The  average  discharge  per  second  across  the  sites  of  the  ^jetties 
and  through  the  gap  between  them  is,  therefore,  183,451  cubic  feet 
^3,655,443,^6  +  307,108,434^^  ^^  ^^  g^g  ^^^.^  ^^^  ^^^  ^^  ^^^  ^^^^ 

flowing  out  at  the  gorge. 

The  following  are  the  sectional  areas  in  square  feet  now  existing  on 
the  lines  proposed  for  the  jetties  and  gap: 


Low  water. 


Mean  half 
tide. 


Line  of  north  jetty  . 
Line  of  sonth  jetty  . 
Gap ....:.. 

Totals 


Square  feet 

50,900 

171, 720 

22,840 


Square  feet, 
78,880 
201.965 
29,572 


254,400 


309,817 


For  the  following  calculations  the  D'Aubuisson  Downing  formula  will 
be  used,  not  because  it  is  the  best,  but  mainly  because  it  is  very  simple 
and  easy  of  application.  It  is,  moreover,  believed  to  answer  very  well 
in  cases  of  broad  open  streams. 

The  formula  is — 

V  =  100  X  i/7x  Vr,  in  which 

V  =  velocity  in  feet  per  second. 

8  =  slope,  or  ratio  of  horizontal  length  to  vertical  descent, 
r  =  hydraulic  radius  in  feet. 

In  the  gorge  at  Cumming's  Point  the  grand  mean  of  all  the  velocities 
IS  .958  feet  per  second  (j^;. 

The  grand  mean  of  all  the  velocities  with  which  the  water  passes 
through  the  various  compai-tments  of  the  present  section  along  the  line 

309  W/ 
The  mean  hydraulic  ra  ins  of  this  aggregate  section  is  14.0322  feet 

/ 309,817 \ 

V7,574.3  +  2,679.7  +  11,820/' 

Therefore  Y  =  0.59212  =  100  -/10322  x  V  8. 
0.59212 

^*=io(r^-vnro322=^-^^^^^^ 

8  =  0.0000024980. 

On  the  assumption  that  this  slope  is  the  same  throughout  the  section 
(which  in  point  of  fact  is  not  precisely  the  case,  and  we^have  no  data 
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for  making  the  necessary  correction  for  the  several  compartments),  the 
total  average  volume  of  discharge  per  second,  amounting  to  183,451 
cubic  feet,  is  distributed  as  follows,  as  determined  by  the  various  areas 
and  hydraulic  radii : 

Cubic  feet 

Throngh  present  section  on  si t«  of  north  jetty 39,418 

Through  present  section  on  gap 15,227 

Through  present  section  on  site  of  south  jetty 128,806 

Total  as  above 183,451 

This  must  be  assumed  to  represent  the  present  distribution  of  the 
outflow  per  second  through  the  section  selected  for  the  sites  of  the  works 
and  the  opening  between  them  at  its  narrowest  point. 

The  changes  of  regimen  which  the  jetties  will  tend  to  produce,  and 
the  area  of  the  water-way  which,  once  established,  they  would  be  ex- 
pected to  maintain  between  and  beyond  the  sea  ends,  will  next  be  con- 
sidered. 

The  north  jetty  will  reduce  the  half-tide  area  of  the  water-way  from 
its  present  area  of  78,880  square  feet  to  41,593  square  feet,  and  the 
hydraulic  radius  from  10.41  feet  to  7.59  feet. 

The  south  jetty  half-tide  water-way  wiU  be  reduced  from  the  present 
area  of  201,365  square  feet  to  an  area  of  94,684  square  feet,  and  its 
hydraulic  radius  ftt)m  17.03  feet  to  10.77  feet. 

These  hydraulic  radii  are  to  be  considered  permanent,  the  crests  of 
the  jetties  being  supposed  to  be  able  to  resist  abrasion  by  the  current. 

In  the  gap,  where  alone  erosion  can  take  place,  the  present  mean  half- 
tide  water-way  is  29,572  square  feet,  and  the  mean  low-tide  area  22,840 
square  feet. 

After  the  jetties  shall  have  received  their  maximum  scour,  aided  by 
dredging  or  other  artificial  ai)pliances  wherever  clay-beds  are  encoun- 
tered and  the  equilibrium  of  flow  is  resumed,  the  original  general  average 
slope  8=0.000002498  will  be  restored. 

The  aggregate  average  discharge  per  second  before  the  jetties  were 
built  wiU  also  be  restored. 

From  these  premises  the  following  average  discharges  per  second  are 
found: 

Cubic  feet. 

Across  crest  of  north  jetty 18,113 

Across  crest  of  south  jetty 49,110 

Total  over  the  jetties 67,223 

The  balance  of  the  discharge,  amounting  to  116,228  cubic  feet  per 
second  (183,451—67,223),  will  go  out  through  the  gap  between  the  jet- 
ties, where  at  present  there  is  a  mean  half-tide  area  of  only  29,572  square 
feet  and  a  mean  discharge  of  15,227  cubic  feet  per  second. 

The  formula  already  used  gives  for  the  average  velocity  through  the 
gap: 

Y=:100  xVsxVr 

Substituting  the  value  V«=0.0015807,  we  have 

V=0.15807X  Vr 

The  value  of  r  is  unknown.  The  width  of  the  gap  being  2,6  M)  feet, 
we  have  for  the  wetted  perimeter,  by  General  Abbot's  rule,  2,6S0  feet 
(2,640x1.015). 
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If  A  represent  the  unknown  half-tide  area  of  the  gap  in  square  feet, 
we  have 

2,G80 
and  _ 

.=0.15807  x-^J, 

The  calculated  average  discharge  tlirough  the  gap  per  second  being 
116,228  cubic  feet,  we  have 

..^^^o     .         .        »-r     0.15807 
116,228=Ar=AxVAx^,^3^ 


.  _  V(116,228  X  V2m)f 

0.15807 
A=113,160  square  feet. 
The  mean  hydraulic  radius  at  the  gap  will  therefore  be  42.22  feet 

(\1^}^\  at  mean  half-tide,  or  39.71  at  mean  low- water.     This  ioi. 

V   2680    / 

plies  verj'  considerable  mid-channel  depths. 

In  the  profile  between  Fort  Sumter  and  Sullivan's  Island,  having  a 
mean  low- water  area  of  177.620  squai^  feet,  a  ^ndth  of  4,960  feet,  and  a 
hydraulic  radius  of  35.28  leet,  fully  90  per  cent,  of  the  total  area  per- 
tains to  depths  of  24:  feet  and  upwaKl,  occui)ying  a  width  of  3,540  feet, 
in  which  the  maximum  depth  is  76  feet. 

On  tlie  profile  firom  Cumming's  Point  to  the  Bowman  jetty,  the  low- 
water  area  is  159,550  square  feet,  the  width  6,750  feet,  and  the  hydraulic 
radius  23.29  feet.  The  compartments  of  24  feet  depth  or  more  foim  80 
per  C/Cnt.  of  the  whole  section,  and  occupy  a  width  of  3,000  feet,  with 
maximum  depths  close  up  to  70  feet. 

In  tlie  new  channel  between  the  jetty-heads,  where  the  hydraulic 
radius  is  39.71  feet,  it  may  be  exi)ected  that  the  area  of  depths  of  more 
than  24  feet  wUl  constitute  a  very  large  proportion  of  the  total  area  of 
the  gaj),  and  that  maximum  depths  of  75  feet  and  upward  would  be 
maintained  in  mid-channel. 

The  average  velocity  from  which  the  general  average  slope  is  derived 
is,  of  course,  less  than  the  velocity  that  will  prevail  in  the  deep-channel 
compartments  of  the  profile,  since  Avith  unaltered  slope  the  velocities  in 
diflcrent  portions  of  the  profile  may  be  considered  to  vary  as  the  square 
root  of  depths.  The  grand  average  velocity  in  the  profile  between  Cum- 
ming's Point  and  Bowman's  jetty,  with  a  mean  hytlraulic  radius  at  half- 
tide  of  25.46  feet,  is  .958  feet  per  second ;  in  the  50-feet  compartments 
the  average  velocity  would  be  1.33  feet  per  second ;  while  during  the 
second  and  thml  quarters  of  ebb  the  velocities  wiU  vary  between  2  and 
3  feet  i)er  second. 

The  bottom  velocities  will  generally'  be  but  little  less,  to  judge  fi*om 
the  results  of  a  great  number  of  current-observations  made  near  Fort 
Sumt(?r  by  Capt.  William  Ludlow  a  few  years  ago. 

Of  the  efiects  that  will  be  produced  to  the  seaward  of  the  jetties  upon 
the  outward  slope  of  the  bar  by  so  large  a  volume  of  outflow,  it  is  im- 
possible to  deiluce  from  formulre  results  upon  which  reliance  can  be 
safely  placed.  We  know  what  kind  of  effects  will  ensue,  but  we  have  no 
I)recise  measure  of  their  intensity.  The  first  and  greatest  difficulty  met 
"with  is  the  want  of  tnistwoithy  data  concerning  the  rate  at  which  the 
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water,  as  it  issues  forth  from  the  gap,  will  spread  out  and  disperse  orer 
the  descendinff  outer  slope  of  the  bar,  with  a  diminishing  velocity  and 
scouring  power.  For  the  purpose  of  discussion,  it  will  be  assumed  that 
the  currents  having  passed  the  jetty-heads  will  spread  out  in  a  fan- 
shaped  area^  at  an  angle  of  30  degrees  on  each  side,  Tiith  the  axis  of  the 
new  channel.  The  chart  seems  to  indicate  that  this  angle  is  not  too 
small.    It  is,  however,  largely  conjectural. 

Assuming,  however,  a  total  spread  of  60  degrees,  the  width  of  the 
profile  1 J  miles  to  seaward,  through  which  the  outflow  from  the  jetties 
is  supposed  to  pass,  is  10,933  feet. 

By  adding  the  fan-shaped  water-prism  between  the  jetty-heads  and 
the  seaward  profile  to  the  volume  of  flow  through  the  former,  we  find 
that  the  average  volume  passing  through  the  outer  lirofile  will  be 
128,916  cubic  feet  per  second. 

The  half-tide  sectional  area  of  the  profile  is  found,  by  the  method  of 
calcidation  already  employed,  to  be  172,312  square  feet.  Its  wetted 
perimeter  is  11,097  feet,  its  hydraulic  radius  at  mean  half- tide  15.52^ 
and  at  mean  low-water  about  13,  which  implies  more  than  ample  mid- 
channel  depths  through  the  outer  slope  of  the  bar  for  vessels  of  the 
deepest  di-aught. 

As  this  outer  profile  is  taken  upon  the  seaward  slope  of  the  bar  a  little 
beyond  the  18-foot  low-water  curve,  the  i>ermanent  depths  first  secured 
there— i)ermanent  because  representing  a  restored  equilibrium — can,  of 
course,  be  increased  at  pleasure,  and  at  a  small  relative  cost,  by  the 
moderate  extension  of  the  jetties. 

If  the  gap  between  the  jetties  be  widened,  the  submerged  portions 
must  be  raised  to  a  greater  average  height,  thus  diminishing  the  area 
of  water-way  above  them,  in  order  that  a  channel  of  the  same  mean 
depths  in  the  seaward  profile  near  the  outer  18-foot  curve,  above  deduced 
for  a  specified  height,  may  be  maintained.  Considerations  of  cost  fur- 
nish strong  argiunents  for  keeping  the  crest  of  the  jetties  low,  as  the 
expense  of  added  height  in  jetties  with  side  slopes  increases  much  more 
rapidly  than  tbe  height  itself.  For  example,  a  wall  10  feet  high  and  10 
feet  wide  on  toj),  with  slopes  of  45  degrees,  contains  200  square  feet  in 
cross-section,  while  a  wall  of  the  same  width  on  top  and  only  twice  the^ 
height  contains  three  times  that  area  of  cross-sec^tion.  By  doul)ling  the 
height  the  quantity  of  materials  requiied  is  therefore  trebled  in  this 
case,  and  more  must  be  still  added  to  com])ensate  for  the  increased  sub- 
sidence caused  by  doubling  the  weight  on  the  foundation.  By  trebling 
the  height  we  get  six  times  the  area  of  cross-section. 

With  an  opening  between  the  jetties  five-eighths  of  a  mile  wide,  estab- 
lished by  swinging  the  south  jetty  to  the  southward  around  its  shore- 
end  as  a  center  until  it  occui)ies  the  line  DZ,  and  leaving  the  north  jetty 
located  on  the  line  CX,  as  before,  it  will  be  necessary  to  raise  the  sub- 
merged portions  an  average  of  about  14  inches  higher  than  the  crests 
shown  on  the  longitudinal  sections  CX  and  DY,  Plate  II,  in  order  to 
maintain  in  the  seaward  profile,  1 J  miles  from  the  jetty-heads,  the  same 
hydraulic  radius  deduced  for  the  half-mile  gap.  Between  the  jetty -heads 
the  hydraulic  radius  for  the  five-eighths-mile  gap  would  be  about  4.45 
feet  less  than  for  the  half-mile  gap.  Under  both  sui)positions  the  sea- 
ends  of  the  jetties  rise  to  high-water  level  for  a  length  of  1,500  feet  on 
the  north  jetty,  and  2,000  feet  on  the  south  jetty. 

There  seems  to  be  little  room  for  doubt  that  a  channel  of  ample  capacity 
haAing  been  once  established  through  the  bar,  it  will  be  permanently 
maintaineil  by  the  jetties,  and  that  the  materials  more  or  less  constantly 
carried  out  by  the  current,  especially  during  tie  i)revalence  of  drift- 
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producing  storms,  and  immediately  subsequent  thereto,  will  not  he  de- 
posited under  conditions  favorable  to  the  formation  of  an  exterior  bar. 

The  outer  slope  of  the  bar,  directly  to  the  seaward  of  the  jetties,  will 
perhaps  assume  and  maintain  a  salient  form  in  consequence  of  the  mate- 
i-ials  being  first  brought  to  a  temporary  rest  at  that  point;  but  unless 
the  main  body  of  the  bar  to  the  northward  and  southward  of  the  jetties 
also  moves  bodily  to  the  seaward  in  a  marked  degree,  in  Aiolation  of  all 
Itnown  or  suspected  laws,  the  movement  of  drift  will  go  on  substantially 
as  at  present,  finding  only  a  transient  resting-place  in  front  of  the  new 
channel,  or  upon  any  other  portion  of  the  bar. 

Having  assumed  the  width  between  the  jetties  and  the  points  on  the 
bar  at  which  their  sea-ends  should  rest,  it  is  not  claimed  that  the  corre- 
sponding height  capable  of  maintaining  through  the  bar  to  deep  water 
on  the  outside  a  channel  of  a  specified  capacity  can  be  detennineil  with 
precision  by  computations  based  on  the  use  of  any  known  formulae.  But 
it  seems  quite  clear,  with  the  large  surplus  of  available  water  not  needeil 
between  the  jetties,  that  we  can  by  first  building  them  low  throughout 
their  entire  length,  and  then  raising  them  gradually  to  the  require<l 
height,  utilize  the  flow,  and  accomplish  the  desired  results,  not  only  with 
ceitainty,  but  with  the  greatest  attainable  degree  of  economy. 

It  will  be  expedient,  from  other  considerations,  to  proceed  gradually 
in  raising  the  works  to  the  requisite  height.  It  will  be  seen  from  Plate 
II,  containing  a  record  of  the  borings,  that  at  the  point  D,  nearly  in  the 
axis  of  the  new  channel,  and  a  little  outside  a  right  line  joining  the  sea- 
ends  of  the  jetties,  a  bed  of  "soft  mud  and  sand''  7  feet  in  thickness  is 
encountered  at  a  depth  of  5  feet  below  the  bottom,  and  17  feet  below 
mean  low-water.  It  overlies  a  bed  of  sand  4J  feet  thick.  At  E,  about 
460  yai'cls  to  seaward  of  the  point  D,  and  also  in  the  line  of  the  new 
channel,  a  layer  or  thin  l>ed  of  sand,  shells,  and  soft  mud,  only  1  foot 
thick,  is  found  1  foot  below  the  bottom,  and  13  feet  below  low- water. 
At  a  depth  of  6  J  feet  a  1-foot  bed  or  lumps  of  stiff  clay  exists  resting  on 
10  J  feet  of  fine  sand.  At  A,  more  than  1 J  miles  inside  the  jetty-head, 
and  a  little  to  the  northward  of  the  probable  line  of  deepest  water,  a 
bed  of  tenacious  clay  is  found  4  feet  below  the  bottom  and  18  feet  below 
low- water,  while  outside  the  gap  at  F,  about  a  half  a  mile  in  a  southerly 
direction  from  D,  no  clay  or  mud  is  found  until  a  depth  of  28  feet  below 
low-water  is  reached,  and  there  it  is  only  a  foot  thick,  and  i^ests  ui>on  3 
feet  of  "  shells  and  sand.'' 

These  borings  show  that  the  material  which  may  be  found  capable  of 
resisting  erosion  and  removal  by  the  currents  does  not  occur  in  continu- 
ous and  regular  strata,  but  apparently  in  detached  sheets,  luini)s,  an<l 
beds,  varying  greatly  in  thickness  and  in  depth  below  the  bottom,  and 
below  the  water-level. 

It  is  presumed  that  none  of  the  materials  which  it  would  be  necessary 
to  remove  in  establishing  a  deep-water  channel  through  the  bar  can  be 
eroded  and  carried  oflF  by  the  currents  except  those  designate<l  in  the 
table  of  borings  as  "shells,"  "sand,"  "soft  mud,"  or  a  mixture  of  two 
or  all  of  them.  Whenever  stiff  clay  is  to  be  removed  some  method  of 
dredging  or  harrowing  will  have  to  be  adopted,  and  it  may  be  necessary 
to  resort  to  harrowing  in  aid  of  the  natural  scour,  to  get  rid  of  some  of 
the  beds  of  mud  and  softer  clays.  The  sand  and  shells  will  be  earned 
out  by  the  current. 

AVhen  the  jetties,  supposed  for  the  present  to  be  built  of  riprap  rest- 
ing on  a  mattress  of  fascines,  have  reached  their  full  length,  or  rather 
their  assumed  length,  from  the  shores  to  the  points  X  and  Y,  respectively, 
with  heights  throughout  the  submerged  portions  not  much  greater  than 
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may  be  deemed  necessary  to  secure  the  foundations  from  injiuy  by 
undermining,  the  lower  sections  shimld  then  be  gradually  built  up  until 
a  sufficient  flow  is  established  between  them  to  s<*our  off  the  siu'face- 
layer  of  sand,  shells,  and  soft  mud,  and  lay  bare  the  beds  of  stiff  mud 
and  clay  between  the  heads  of  tlie  jetties,  and  as  far  beyond  them  as 
possible,  consistent  with  the  safety  of  the  works  themselves.  The  gi^eat- 
est  effect  will  naturally  be  produced  along  the  center  line,  and  the  vol- 
ume of  flow^  should  not  be  made  large  enough  to  cause  any  considerable 
scour  along  the  faces  of  the  jetties. 

Dredging,  if  it  becomes  necessary  at  all,  should  begin  along  the  line 
of  greatest  scour  as  soon  as  the  i^moval  of  the  clay  by  that  method  be- 
comes i)rac5ticable,  and  as  greater  depths  are  secured  in  this  maimer  the 
jetties  shoidd  be  raised  to  higher  levels. 

The  borings  indicate  that  sooner  or  later,  during  this  stage  of  prog- 
ress, it  will  become  necessars'  to  determine  in  what  manner  the  needed 
depths  to  seaward  upon  the  outer  slope  of  the  bar  cau  best  be  estab- 
lished. It  may  be  done  either  by  enlarging  the  area  of  the  water-way 
between  and  du^ectly  in  front  of  the  jetties,  so  as  to  lengthen  the  out- 
w^ard  reach  of  the  scouring  power,  or  by  extending  the  jetties  themselves 
farther  out  on  the  bar  with  only  mmlerate  depths  betAveen  them,  thus 
carrying  fartlier  to  seawanl  the  point  at  which  divergence  and  consequent 
loss  of  power  begin.  In  the  degree  to  which  the  first  metho<l,  if 
adoi)ted,  is  earned  into  execution,  will  the  jetties  ai>proach  the  heights 
shown  in  sections  CX  and  1)Y,  Plate  II  ?  and  they  could  not  theoretically 
attain  and  exceed  those  heights  until  the  channel  in  the  gap  has  a  mean 
half-tide  area  of  113,100  scpiare  feet,  and  a  hycb-aulic  radius  of  42.22  feet. 
This  implies,  as  already  stated,  a  deep  centml  channel  with  maximum 
depths,  wiiich  would  perhaps  be  impossible  of  attainment  at  moderate 
cost  by  any  known  ]>rocess  of  cbedging  or  raking. 

The  boring  at  D  in  the  hue  of  the  new  channel  indicates  that  very 
little  dredging  or  raking  woidd  have  to  be  done  to  reach  a  depth  of  31 
feet  below  mean  low-water,  there  being  only  G  iiu'hes  of  stiff  clay  to 
peneti^ate  in  that  distance,  and  that  is  found  at  a  depth  of  28^  feet.  At 
E,  farther  out  on  the  same  channel  line,  only  12  inches  of  stiff  clay  is 
encountered  in  a  depth  of  30  feet.  Whether  this  material  occurs  nearer 
the  surface,  or  in  thicker  beds  at  other  points  where  its  removal  would 
be  necessary-  to  give  the  requisite  water-way,  cannot,  of  course,  be  knowu 
from  the  examinations  that  have  been  made.  Very  numerous  borings 
taken  near  each  other  would  be  necessary  before  even  a  ^ery  general 
estimate  could  be  mafle  of  the  quantity  of  materials  of  different  kinds 
that  would  require  removal  by  other  agencies  than  the  natural  scour,  in 
order  to  attain  any  given  area  of  water-way. 

It  is  probable  that  the  thm  deposits  of  clay  encountered  in  boring  are 
only  detache^l  lumps  or  small  masses  that  will  be  no  obstacle  to  the 
prosecution  of  the  work,  but  will  settle  down  the  lower  levels  as  the  sand 
is  scoured  away  from  around  and  beneath  them.  The  existence  of  such 
lumps  on  the  bottom  of  the  umer  harbor  has  been  reported  by  divers. 

For  the  puri)ose  of  this  estimate,  maximum  mid-channel  depths  in  the 
gap  of  only  31  feet  at  mean  low-water  will  be  adopted,  because  that 
depth  appears  to  involve  only  a  small  outlay  for  dredging,  and  possibly 
none  at  all. 

By  fixing  the  crests  of  the  submerged  jyortions  of  the  jetties  at  the 
requisite  heighty,  we  have  the  means  of  maintaining  in  this  water-way 
average  dex)ths  not  much  less  than  the  maximum  depths,  thus  jiroducing 
a  wide  channel  with  moderate  depths  instead  of  a  naiTow  channel  very 
deep  along  the  central  line  and  shoal  towanl  the  sides.    Under  theso 
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conditions  the  hydraulic  radius  in  the  gap  can  be  made  comparatively 
large.    It  will  be  taken  at  24  feet  mean  half-tide. 

It  appears  from  calcidations  based  as  before  on  an  assmned  divergence 
of  60  degrees  in  the  ebb-flow  exterior  to  the  jetty -heads,  that  a  normal 
flow  through  the  half-mile  gap,  with  a  hydraulic  radius  of  24  feet,  can- 
not maintain  a  channel  exceeding  21  feet  in  depth  at  mean  low-water  for 
a  greater  distance  tlian  about  5,500  feet  beyond  the  heads  of  the  jetties 
where  the  divergence  begins.  This  would  make  the  jetties  2,400  feet 
longer  than  the  jetties  CX  and  DY,  already  discussed,  although  their 
submerged  crests  would  be  considerably  lower.  The  north  jetty,  if  kept 
generally  parallel  to  the  bottom,  would  not  exceed  1  foot  in  average 
height,  its  ofiice  being  mainly  to  prevent  the  enlargement  of  the  Beach 
Channel  water-way  by  scour.  The  south  jetty  would  have  its  submerged 
crest  at  10.78  feet  below  mean  low- water,  if  kei)t  level  throughout.  Un- 
der these  circumstances,  with  a  24-foot  hydraidic  radius  in  the  gap,  and 
corresponding  hydraulic  radii  in  the  seaward  x>rofiles,  on  the  supposed 
total  divergence  of  GO  degrees,  the  original  slope  will  be  restored.  The 
mean  average  ebb  velocity  through  the  gap  will  be  0.93  foot  per  second. 

By  raising  their  submerged  portions  above  t]ie  calculated  heights  last 
mentioned  greater  ebb-flow  and  velocities  would  be  established  in  the 
gap,  with  correspondingly  increased  power  and  outward  reach,  and, 
therefore,  increased  depths  through  the  outer  slope  of  the  bar  into  the 
deep  water  beyond.  But  this  would  give  no  greater  depths  in  the  gap, 
under  the  supposition  that  beds  of  chiy  exist  there  at  and  below  the 
dejith  of  31  feet,  the  only  condition  which  ai)pears  to  impose  the  neces- 
sity of  low  jetties  at  all. 

if  the  submerged  crests  be  placed  at  the  varsing  heights  shown  in 
sections  CX'  and  DY',  Plate  II,  the  total  areas  over  the  jetties  and  through 
the  gap  Anil  be  somewhat  diminished,  and  as  the  areas  are  all  fixed,  while 
the  volume  to  be  discharged  remains  the  same,  thei^  will  ensue  in  the 
gap  a  banking  up  of  the  Avaters  and  consequently  an  increase  of  slope 
and  of  velocity.  The  computations  show  that  the  natiual  slope  of 
0.000002408,  or  about  /^  inch  to  the  mile,  will  be  increased  to  0.000004963, 
equal  to  about  ^^  inch  per  mile ;  and  the  previous  mean  average  velocity 
of  0.93  foot  per  second  will  be  augmented  to  1.09  feet  per  second.  At 
what  distance  beyond  the  jetty-heads  the  original  sloi)e  Avill  be  resumed 
cannot  be  ascertained  by  any  process  of  computation,  and  consequently 
the  distances  beyond  the  points  X  and  Y  to  which  the  jetties  should  be 
carried  in  order  to  maintain  a^channel  of  the  required  depth  through  the 
outer  slope  of  the  bar  is  largely  conjectimil.  It  is  certain  that  they  will 
not  have  to  be  extended  as  far  as  in  the  case  of  the  low  jetties  last  dis- 
cussed. The  calculations  show,  however,  that,  with  the  assumed  diverg- 
ence of  60  degrees,  the  heads  of  the  jetties,  or  the  i^oint  where  divergence 
begins,  need  not  be  located  more  than  1,390  feet  to  seaward  of  the  points 
X  and  Y,  Plate  I.    This  places  their  heads  at  X'  and  Y',  respectively. 

The  practical  solution  of  this  question  would  of  course  be  given  by  a 
gradual  and  cautious  building  up  of  the  jetties,  with  frequent  obsersa- 
tions  of  their  eft'ects,  cai^  being  taken  that  they  are  not  raised  so  high 
as  to  x>revent  the  comi)lete  filling  of  the  tidal  bashi  by  each  flood. 

Xumerous  boiings  would  of  course  be  made  before  definitely  fixing 
the  width  between  the  jetties,  as  it  is  j^ossible  that  beds  of  material  in- 
cax)able  of  removal  by  natural  scour  may  exist  at  such  moderate  depths 
that  the  half-mile  gaj)  should  give  place  to  a  considerably  wider  one,  a 
question  which  will  doubtless  turn  mainly  on  the  quantity  of  materials 
that  may  require  to  be  excavated  by  dredging. 

"So  change  of  this  character  and  for  this  puqiose,  if  judiciously  made, 
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woiUd  materially  alter  the  estimated  quantities  of  materials  needed  for 
the  constnictioii  of  the  works. 

The  volume  of  water,  a  little  more  than  thirty-six  himdred  and 'fifty- 
five  millions  of  cubic  feet  (3,655,374,296),  which  is  supposed,  in  the  fore- 
{joing  discussion,  to  pass  out  through  the  gorge  of  the  harbor  on  each 
onlinary  ebb-tide,  is  believed  to  be  less  than  the  actual  outflow  of  one 
tide. 

Computations  in  all  respects  similar  to  those  given  above  have  been 
made  on  the  supposition  that  the  volume  of  outflow  during  each  or  ordi- 
nary tide  is  4,834,000,000  of  cubic  feet,  which  is  believed  to  be  somewhat 
in  excess  of  the  actual  outflow. 

The  computed  hydraidic  radius  in  the  gap  between  the  jetties  is  the 
same  in  both  cases,  which  was  to  be  expected,  for  tlie  reason  that  we  have 
only  the  calculated  slopes  and  mean  velocities  to  deal  with,  and  that 
these  vary  with  the  volume  of  flow  through  the  same  section.  The  actual 
sloi)e  and  velocity  may  be  assumed  to  lie  somewhere  between  those  de- 
duced in  the  two  ca^es,  and  therefore  to  correspond  to  the  deduced  hy- 
draulic radius.  These  theoretical  results  are  of  practical  value  only  when 
they  point  to  bottom  velocities  possessing  a  scouring  power  of  sufficient 
intensity  to  maintain  the  new  channel.  In  the  case  under  discussion 
they  theoretically  satisfy  that  condition.  Greater  velocities  could  of 
course  be  established  between  the  jetties  by  raising  them  liigher,  and  in 
the  seaward  profile  by  extending  them  further  out  upon  the  bar. 

It  is  quite  likely  that  there  would  be  an  advantage  in  locating  the  sea- 
ends  of  the  jetties  about  one-foiui:h  of  a  mile  to  the  southward  of  the 
points  indicated,  on  Plate  I.  This  woidd  place  the  center  of  the  half-mile 
gap  at  the  point  Y,  where  the  sea-end  of  the  south  jetty  is  placed  in  the 
<lrawing,  and  would  turn  the  axis  of  the  new  channel  more  away  from 
the  prevailing  stonns  wliich  come  from  the  northeast.  The  jetties  in 
these  positions  are  shown  in  Plate  I,  by  heavy  broken  lines.  It  is  not 
intended  in  this  project  to  fix  definitely  either  the  length  or  the  height  of 
the  jetties,  or  their  precise  lo<"ation  or  distance  apart,  but  to  submit  a 
general  i^lan  of  improvement  by  means  of  submerged  jetties  that  shall 
have  their  crests,  throughout  those  }>ortions  which  cross  the  thread  of 
the  ciuTent,  at  a  height  coiTesponding  to  the  least  width  of  the  gap 
between  them,  the  objects  sought  by  this  method  being  to  lessen  the 
fii'st  cost  of  the  jetties,  and  to  obviate  the  necessity  of  their  subsequent 
extension. 

The  foregoing  discussion  will  be  rcAised  if  necessary  in  a.  supplement- 
ary- report,  as  soon  as  the  actual  velocities  and  sIoimjs  have  been  ascer- 
tained by  observation. 

CONSTRUCTION  AND  ESTEVIATES. 

The  jetties  to  which  the  following  estimates  apply  are  those  last 
discussed,  located  on  the  lines  CX'  and  I)Y',  Plate  I.  The  varving 
heights  to  wliich  they  rise  above  the  bottom  are  shown  by  heavy  parallel 
hatching  in  longitudinal  sections  CXX'  and  DYY',  Plate  II. 

Their  sea -ends  for  a  length  of  3,000  feet  on  the  north  jetty  and  3,500 
feet  on  the  south  jetty  have  their  crests  at  tlie  level  of  half  flood  of 
simng-tides,  or  three  feet  above  mean  low- water. 

The  total  length  of  the  north  jetty  is  8,840  feet,  and  that  of  the  south 
jetty  13,040  feet.  They  are  to  consist  of  a  sui>er8tructure  of  riprap 
stones  with  rather  low  side  slopes  resting  on  a  mattress  of  fascines  2 
feet  thick. 

The  slope  on  the  exterior  faces  of  the  jetties  will  be  1  upon  2  through- 
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out  their  entire  len«rtli.  On  the  interior  faces  it  will  be  1  upon  1 J  except 
on  the  sea-ends,  where,  for  a  distance  of  about  half  a  mile,  it  will  be  1 
upon  2. 

For  the  north  jetty  the  niiniinum  width  on  top  is  15  feet.  This  is  in 
the  lowest  portion  where  it  crosses  Beach  Channel.  From  that  point 
outward  tlie  width  increases  to  24  feet,  which  is  adopted  for  that  por- 
tion which  rises  above  mean  low- water  level. 

The  south  jetty  has  a  minimiun  width  of  crest  of  12  feet  where  it 
crosses  the  main  channel,  at  depths  varyin*^  from  10  to  15  feet  below 
mean  low- water.  Thence  outward  the  width  increases  to  24  feet  for  the 
highest  part,  as  in  the  case  of  the  north  jetty. 

It  cannot  perhaps  be  safely  assume<l  that  beds  of  clay  which  may  be 
encountered  near  the  surface  are  sufficiently  firm  to  resist  the  weight  of 
the  works  without  considerable  subsidence.  Where  such  beds,  however, 
are  overlaid  by  a  thick  stratum  of  Scand,  or  a  mixture  of  sand  and  shells, 
no  fireat  distiu-bance  may  be  expected. 

Where  the  jetties  are  constantly  submerged  they  will  not  exert  a 
pressure  upon  the  mattress  foundation  exceeding  91  pounds  per  square 
foot  for  everv"  foot  in  height,  to  which  must  be  added,  where  the  work 
rises  above  low- water  level,  about  59  pounds  more  for  ea<5h  foot  in  height 
during  the  time  they  are  out  of  water.  This  takes  no  account  of  any 
lateral  distribution  of  weight,  which  must  in  a  greater  or  less  degree 
take  place  in  riprap  constructions. 

There  being  only  two  points  where  the  actual  pressure  upon  the 
bottom  will  approach  near  to  one  ton  per  s<[uare  foot,  while  it  will  gen- 
erally fall  below  one-half  ton,  it  is  believed  that  no  settlement  or  dis- 
turbance of  a  very  serious  character  will  be  likely  to  take  pla<;e.  At  the 
two  points  referred  to,  in  the  main  channel,  both  weight  and  cost  could 
be  reduced  by  replacing  a  portion  of  the  hearting  of  the  jetty  with  mat- 
tresses similar  to  those  used  for  the  foundation,  as  shown  in  Fig.  2, 
Plate  II,  care  being  taken  to  keep  the  wood  well  inside  the  riprap,  so 
that  after  the  voids  in  the  latter  have  l)e€ome  filled  with  saiul  it  would 
be  safe  from  the  ravages  of  worms.  During  the  progress  of  work  the 
voids  could  be  filled  at  moderate  cost  by  pumping  from  the  bottom 
near  by. 

The  quantities  given  in  the  following  estimate  assume  the  jetties  above 
the  foundation  mattresses  to  be  built  of  riprap  only.  The  probable  sav- 
ing in  cost  that  might  be  made  by  using  a  hearting  of  mattresses  wher- 
ever admissible  in  both  jetties  is  given  in  a  separate  item. 

In  calculating  the  quantities,  the  mattress  foimdation  is  supposed  to 
rest  one  foot  below  the  surface  of  the  bottom,  thus  adding  one  foot  to 
the  depths  shown  in  the  cross-sections  and  diminishing  the  allowance  to 
be  made  for  subsidence  and  compression. 

At  present  prices  a  liberal  estimate  for  the  riprap  work  is  85.50  per 
cubic  yard,  and  for  mattresses  81.50  per  square  yard,  2  feet  tliick. 

NORTH  JKTTY. 


58,000  square  yariLs  of  mattress  foiin<lation,  at  $1.50 887, 000 

71, 000  cubic  yanU  of  riprap,  at  ^\bO 390, 500 


SOUTH  JETTV. 


87,400  square  yards  of  mattress  foundation,  at  ^1.50 131,000 

138, 600  cubic  yards  riprap,  at  ?vj.60 762,300 


f477,500 


893,300 


Total  cost  for  botli  jetties,  all  riprai>  above  founratiou 1, 370,800 
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Add  for  false  work,  piles,  &f $100,000 

Add  26  per  cent,  for  Hubsideiiee,  compression,  aud  coutiugencies  ou  in-shore 

or  submerged  portions  of  jetties 230, 280 

Add  117  per  cent,  for  subsidence,  compression,  and  contingencies  on  seaward 

ends  of  jetties 179,420 

Excavating  by  dredging  and  raking,  by  contract,  necessary  in  depths  less 

than  31  feet  below  mean  low-water...' 76,000 

For  eighteen  months'  work  of  United  States  dredging-steamer  Henry  Bur- 
den, rendered  at  various  times  in  connection  with  other  work  (including 
current  repaii*s  and  renewals  of  vessel  and  nmchinery ) 26, 000 

Office  expenses,  superintendence,  inspectors,  &c.,  for  four  years 65,000 

2, 047, 500 
Subtract  for  hearting  of  mattresses  where  admissil)le 247, 500 

Total  estimated  cost 1,800,000 

III  the  execution  of  works  of  the  character  and  magnitude  of  those 
contemplated  in  the  foregoing  i)rqject  there  are  many  advantages  in  hav- 
ing the  fimds  snpi)lied  in  liberal  sums. 

If  the  project  be  adopted  the  annual  appropriation  of  about  one-fourth 
the  entire  amount  of  the  estimate  for  four  successive  years  is  very  desir- 
able. The  comjiletion  of  the  work  in  three  years  would  accomplish  a 
considerable  saving  in  the  aggregate  cost. 

Kespectfully  submitted. 

Q.   A.   GiLLMORE, 

Lietit  CoJ.  of  Engineers^  Brevet  Major-GenemJ^  U.  aS.  A. 
Brig.  Gen.  A.  A.  IIuMPnKEYS, 

(Jhief  of  Engineers^  U,  8,  A. 


PRELIMINARY  REPORT   OF  BOARD   OP   E>'GINEERS. 

Army  BuiLDixa, 
Xew  Yorkj  April  24,  1878. 

Geni]RAL  :  The  board  of  oflfi(*ers  of  the  Corps  of  Engineers,  constituted 
by  Special  Orders  No.  28,  Headquarters  Corps  of  Engineers,  Washing- 
ton, D.  C,  March  19,  1878,  with  instructions  to  take  into  consideration 
and  report  upon  a  project  for  the  permanent  improvement  of  the  chan- 
nel of  entrance  into  Charleston  Harbor,  South  Carolina,  submitted  by 
General  Gillmore,  have  the  honor  to  submit  this  preliminary  report. 

The  board  have  examined  the  project  in  question  so  far  as  this  could 
be  done  without  additional  information  as  to  the  surface  and  bottom 
velocities  upon  the  bar. 

The  board  have  also,  in  a  general  way,  discussed  the  project  for  an 
improvement  of  the  channel  1  ordhiary  jetties  rising  above  low- water 
and  more  distant  from  ea<jh  oiuer  than  in  the  plan  presented  for  inves- 
tigation, and  General  Gillmore  has  made  an  approximate  estimate  for 
the  same. 

But  it  is  not  the  intention  of  the  board  at  present  to  define  the  jetties 
in  any  precise  manner  as  to  their  distance  apart,  their  extent  measm^ed 
from  the  shore,  or  the  heights  with  respect  to  low- water  to  which  these 
structures  should  be  canied.  All  such  points  will  be  discussed  in  a 
friture  report  based  upon  all  the  information  which  the  locality  can  fur- 
nish pertinent  to  the  subject.  But  the  board  is  of  opinion  that  the  chan- 
nel over  the  bar  can  be  improved,  to  a  probable  depth  at  mean  low-water 
of  21  feet,  by  the  use  of  jetties  submerged  in  whole  or  in  part,  and  by 
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a  mode  of  construction  very  gradual  in  its  progress,  which  will  admit  of 
such  modifications  in  the  lengths  and  heights  of  the  jetties  as  exx)erience 
shall  dictate.  And,  further,  the  board  concurs  with  the  views  expressed 
by  General  Gilbnore  m  his  report  that  the  project  adopted  should  dis- 
turb to  the  least  possible  degiee  the  present  regimen  of  inHux  and  efflux 
over  the  bar. 

According  to  tlie  extent  of  the  project  which  may  be  adopted  the  cost 
will  be  from  81,800,000  to  $3,000,000. 
Itespectfullv  submitted. 

Z.  B.  Tower, 
Coloiel  of  Engineers^  Brevet  Major- GeneraL 
H.  G.  Wrioht, 
Lieut  Coh  of  Engineers^  Brevet  Major- General. 

John  Kewton, 
Lieut.  Col,  of  Engineers^  Brevet  Major- General. 

Q.   A.   GiLLMORE, 

Lieut  Col,  of  Engineers,  Brevet  Major- General. 
Brig.  Gen.  A.  A.  Hu^iphreys, 

Chief  of  Engineerfty  U,  S,  A, 


H2. 

IMPK0V£MP:NT  of  savannah  river  and  harbor,  GEORGIA. 

The  work  that  has  been  carried  on  during  the  past  fiscal  year,  for  the 
improvement  of  the  naAigation  of  the  Savannah  liiver,  has  consistent 
mainly  in  dredging  at  three  points,  viz :  First,  on  the  shoal  northeast  of 
Fort  Pula«ki;  second,  on  the  shoal  southwest  iiom  Oyster  Bed  light,  near 
Fort  Pulaski  j  and,  third,  in  the  new  channel  at  "  The  Wrecks.'' 

At  the  close  of  the  fiscal  year  my  assistant,  Capt.  James  C.  Post, 
Corps  of  Engineers,  aided  by  George  Daubeney,  assistant  engineer,  was 
engaged  in  gauging  the  stream  at  several  points,  with  a  \iew  to  secur- 
ing some  requisite  data  for  an  intelligent  discussion  of  such  questions  of 
improvement  as  are  likely  to  arise  during  the  expenditure  of  the  appro- 
priation now  available  for  this  point. 

Captain  Post's  report  for  the  last  fiscal  year  is  transmitted  herewith. 

WORK  CONTEMPLATED  DURING  THE  PRESENT  FISCAL  YEAR. 

I  do  not  consider  it  expedient  or  proper  to  attempt  to  specify  at  this 
time,  except  in  a  veiy  general  way,  all  the  work  to  which  the  sum  of 
$70,000  appropriated  by  act  approved  June  18, 1878,  should  be  devoted. 

Heretofore  the  demands  of  connnerce  often  seemed  to  require  the  ex- 
penditure of  money  with  special  reference  to  the  speedy  amelioration  of 
existing  evils,  and  with  no  great  regard  to  the  pennanency  of  the  im- 
l)rovement  accomplished.  Dredging  has,  therefore,  been  freely  resorted 
to,  even  at  points  where  it  was  presumed  the  work  would  have  to  be  in 
part  repeated.  All  the  new  channels,  however,  have  been  essentially 
l)ermanent  up  to  the  present  time,  although  they  have  perhaps  reached 
the  maximum  depths  which  can  be  judiciously  established  by  dredging 
alone.  Low  training-walls  will  have  to  be  constnicte<l  at  a  few  points 
for  tlie  pirqiose  of  nan^owing  the  water-way,  while  at  others  the  chan- 
nel will  recpiire  widening. 

A  project  for  this  class  of  works  will  l)e  prepared  at  the  proper  time. 
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The  first  work  to  be  done  during  the  present  fiscal  year  is  the  con- 
struction of  the  submerged  dam,  composed  of  riprap  resting  on  a  mat- 
tress of  fascines,  or  a  brush  and  timber  foundation,  already  approved  for 
the  Cross  Tides. 

When  this  has  been  earned  up  as  high  as  may,  in  the  first  instance,  be 
deemed  desirable,  and  when  the  eflTects  which  the  increased  ebb-flow  in 
the  Front  Kiver  produces  or  is  likely  to  produce  in  the  channel  along 
the  city  front  and  upon  the  shoal  known  as  Garden  Bank,  as  well  as  in 
the  new  channel  at ''  The  Wrecks,"  have  been  obsen^ed  and  stiidied,  the 
proi)er  time  will  have  arrived  for  preparing  a  project  for  future  work. 

The  completion  of  the  work  of  gauging  the  stream  at  several  points,  and 
the  construction  of  the  Cross  Tides  Dam,  are  the  only  oi>erations  that  I 
am,  as  yet,  prei)ared  to  recommend  for  the  present  fiscal  year. 

This  work  of  improvement  is  located  in  the  customs  district  of  Savannah. 

The  imiH)rtant  commercial  interests  to  be  benefited  by  the  proposed 
improvements  are  indicated  by  the  letter  of  Hon.  John  F.  Wheaton, 
mayor  of  the  city  of  Savannah,  and  the  tables  of  commercial  statistics 
extracted  from  the  mayor's  annual  report  for  the  year  1877,  g^)pended 
hereto. 

The  estimated  cost  of  the  contemplated  improvements  of  the  Savan- 
nah River,  submitted  August  28,  1873,  not  including  the  cost  of  the 
necessary  Dulkhead  along  the  amended  water-way,  and  jetties  and  bulk- 
heads elsewhere,  is  $481,320. 

The  amounts  and  dates  of  the  appropriations  made  since  the  adoption 
of  the  present  project  are. as  follows: 

By  act  approved  June  23,  1874 $50,000  00 

By  act  approved  March  3,  I87b 70,000  00 

By  act  approved  August  14,  1^6 1... 62,000  00 

By  act  ajiproved  June  18,  1878 7 70,000  00 

Total 252,000  00 

Of  this  amount  there  had  been  expended  up  to  the  close  of  the  last 
fiscal  year  (including  outstanding  liabilities)  §181,558.70. 

Money  statement 

July  1,  1877,  amount  available $37,137  32 

Amount  appropriated  by  act  approved  June  18,  1878 70, 000  00 

?107, 137  32 

July  1,  1878,  amount  expended  during  fiscal  year 30,  453  83 

July  1,  1878,  outstanding  liabilities 1 242  19 

36,696  02 

July  1,  1878,  amount  available 70,441  30 

Amount  (estimated)  required  for  completion  of  existing  project 229, 320  00 

Amount  that  can  be  profitably  exi»ended  in  fiscal  year  entling  June  30, 1880 .     150, 000  00 


REPORT  OF  CAPTAIN  JAMES  C.   POST,    CORPS  OF  EXGIXEERS. 

Savaxxah,  Ga.,  Jnhj  8,  1878. 
CoLOXEL :  I  have  to  submit  the  following  i-eport  upon  the  work  for  the  improvement 
of  the  Savannah  River  for  the  fiscal  year  ending  June  30,  1878  : 
The  following  are  the  places  at  which  operations  have  been  conducted,  viz : 
Ist.  New  channel  at  **  The  Wrecks." 

2d.  The  shoal  southwest  from  the  Oyster  Bed  light  and  northwest  of  Fort  Pulaski. 
3d.  The  channel  northeast  of  Fort  Pulaski. 
4th.  The  Cross  Tides. 
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At  the  completion  of  the  contracts  with  the  American  Dredging  ''Company  and 
the  City  of  Savannah,  mentioned  in  the  last  annaal  report,  the  latter  being  com- 

Elet«d  in  August  and  the  former  in  September,  the  new  channel  at  "The  Wrecks'' 
ad  been  made  102  feet  wide  and  13  feet  deey  mean  low-water.  This  channel  by  the 
sconr  of  the  ebb-tide  has  now  widened  materially  for  nearly  half  its  length,  from  the 
western  end,  though  somewhat  irreanilarly,  retaining  at  the  same  time  the  full  dredged 
depth  of  13  feet  mean  low-water.  The  lower  half  of  the  eastern  portion,  without  a 
material  increase  of  width,  has  shoaled  in  two  places  to  12  feet  mean  low-water.  To 
determine  the  true  cause  of  this  shoaling  at  the  present  time  is  somewhat  difficult,  as 
it  may  be  the  result  of  two  independent  actions :  First,  the  natural  flow  of  the  tiaes. 
and  secondly,  the  groimding  of  two  or  three  vessels  against  the  sides  of  the  channel 
where  they  remained  through  two  or  three  tides.  As  the  running  aground  of  these 
vessels  must  have  broken  down  the  sides,  and  thus  interrupted  the  firee  passage  of 
water  through  the  channel,  I  am  inclined  to  attribute  this  diminution  of  depth  to  this 
latter  cause  rather  than  to  the  former.  The  success  of  this  new  channel  has,  dorine 
the  past  season,  been  of  ^eat  assistance  to  commerce,  as  vessels  drawing  the  fuU 
draught  of  water  with  which  they  can  cross  the  "obstructions'*  or  lower  flats  at  high- 
water,  have  been  enabled  to  pass  to  and  from  the  city  without  delay,  on  either  ebb 
or  flood  tide,  provided  they  reached  the  lower  flats  at  high-water.  By  adopting  this 
course,  several  vessels  on  spring-tides  have  left  the  city  orawing  18  feet  4  inches  and 
proceeded  to  Venus  Point  on  one  tide,  whereas,  before  tne  channel  was  opened,  16  feet 
6  inches  was  the  maximum  draught  that  could  pass  out,  and  even  with  this,  it  was  more 
than  probable  that  two  tides  would  be  consumed,  on  account  of  it  being  necessary  to 
pass  tlirough  "The  Wrecks"  Channel  at  high-water.  The  real  value  of  the  new  chan- 
nel, in  its  present  state,  to  commerce  can  therefore  be  placed  at  1  foot  10  inches  of 
draught,  or  nearly  2  feet,  besides  making  the  navigation  of  this  portion  of  the  river 
much  easier  by  being  direct  and  straight. 

The  dredging  steamer  Henry  Burden  continued  working  in  the  channel  northeast  of 
Fort  Pulaski  until  July  27,  when  it  was  decided  to  transfer  her  to  Charleston,  S.  C. 
From  the  Ist  to  27th  of  July  9,656  cubic  yards  were  removed.  During  the  month  of 
April  7,815  cubic  yards  were  also  removed  from  this  channel  by  the  steamer  Burden. 

The  shoal  opposite  the  Oyster  Bed  light  continuing  to  increase,  it  became  such  an 
obstacle  to  navigation  that  in  March  it  was  necessary  to  commence  its  removal. 
Accordingly,  on  March  25,  the  steamer  Henry  Burden  commenced  work  at  this  point. 
This,  however,  was  discontinued  after  worlang  about  two  weeks  and  removing  only 
2,94«  cubic  yards,  as  it  was  found  that  the  presence  of  the  wreck  caused  the  steamer 
to  work  at  such  a  disadvantage  that  it  was  decided  to  employ  a  dredge  with  the  ordi- 
nary equipment  for  the  removal  of  this  wreck  and  shoal.  A  contract  was,  in  conse- 
quence, made  with  the  American  Dredging  Company  for  the  removal  of  8,000  cubic 
yards  of  material  at  40  cents  per  yard ;  such  portions  of  the  wreck  to  be  removed  as 
came  into  the  lines  specified  for  the  dredging.  At  the  conclusion  of  this  contract  the 
channel  at  this  point  was  increased  120  leet  in  width,  and  deepened  to  14  feet  mean 
low-water. 

Ten  piles,  which  acted  as  an  obstacle  to  the  navigation  of  the  Cross-Tides,  were  also 
removed  by  the  above-mentioned  company. 

In  order  to  complete  the  data  already  obtained  for  the  thorough  discussion  of  the 
improvement  of  this  river,  a  series  of  observations  were  commenced  about  June  1  to 
ascertain  the  amoimt  of  water  flowing  tlux)ugh  the  different  river  channels,  and  also 
to  ascertain  the  amount  of  fall  in  each  of  them.  To  explain  the  method  determined 
upon  more  fully,  it  may  first  be  well  to  divide  the  river  from  the  Cross-Tides  to  Tybee 
Koails  into  three  sections,  nuniben*d  1,  2,  and  3,  successively,  viz: 

Ist  section. — All  that  portion  of  the  river  included  between  the  Cross-Tides  and  Fort 
Jackson. 

2d  section. — That  portion  from  the  head  of  Elba  Island  to  the  head  of  Long  Island. 

3(1  section. — ^The  portion  including  the  shoal  at  the  Oyster  Bed  light  and  tne  chan- 
nel northeast  of  Fort  Pulaski. 

In  each  of  these  sections  any  work  of  improvement  made  in  any  portion  has  a  direct 
bearing  upon  all  the  other  portions. 

To  outain  the  requisite  data  for  the  Ist  section,  it  was  determined  to  gauge  the 
Cross-Tides,  and  also  Front  River  between  Kings  and  Marsh  Islands,  and  to  obtain  the 
fall  through  the  Cross-Tides  and  the  dilferent  iwrtions  of  Front  River  to  Fort  Jackson. 

In  the  2d  section  it  is  intended  to  gauge  both  the  north  and  south  channelB  near  the 
junction  at  the  head  of  Elba  Island,  and  to  make  current-obser>'ations  in  each  of  the 
openings  between  the  islands  on  the  south  side  of  the  north  channel,  to  ascertain  what 
will  be  the  eflect  of  closing  them.  To  determine  the  effect  of  any  improvement  of  this 
portion  of  the  river  upon  the  ebb  and  flow  in  Saint  Augustine  Creek,  it  is  also  intended 
to  make  current-obRen-ations  at  its  entrance  into  South  Channel.  The  fall  in  the 
river  through  the  section  will  also  he  obtained. 

In  the  JM  section,  the  results  of  the  improvement  made  during  the  past  month  upon 
the  channel  abi-east  of  the  Oyster  lied  ligiit  will  determine  the  best  course  to  pursue  in 
regard  to  it. 
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Thus  far,  the  only  data  obtained  is  the  high  and  low  water  slope,  through  the  Cross- 
Tides  and  Fi*ont  Kiver,  to  the  eastern  end  of  Fig  Island.  Through  the  Cross-Tides, 
the  mean  of  10  observations  gave  the  water  practically  level  at  high-water,  while  at 
low-water  the  same  number  of  observations  gave  a  faU  of  0.19  of  a  foot,  or  2^  inches, 
which  is  at  the  rate  of  ^  inches  per  mile.  From  the  Cross-Tides  through  Front  River, 
the  fall  at  high- water,  the  mean  of  14  observations,  is  0.3  of  a  foot,  or  3^^  inches,  and  at 
low-water  1  foot.  The  distance  between  the  tide-ganse  at  the  Cross-Tides  and  that  at 
Fig  Island  wharf  is  nearly  6  miles ;  the  fall,  therefore,  through  Front  River  will  average 
O.o  of  an  inch  at  high-water  and  two  inches  at  low-water  per  mile.  The  Cross-Tides 
has  also  been  ganged,  but  sufficient  time  has  not  elansed  since  its  completion  to  enable 
the  data  to  be  worked  out.  These  observations  will  be  continued  and  completed  as 
rapidly  as  possible. 

Soundings  taken  during  the  past  week  in  all  the  channels  dredged  during  previous 
years  indicate  that  they  remain  about  the  same  as  reported  last  year.  This  includes 
the  channel  between  King's  and  Hutchinson's  Islands,  at  Garden  Bank,  at  the  "  ob- 
structions "  or  head  of  Elba  Island,  and  the  upper  and  lower  flats.  The  depth  of  water 
on  the  western  end  of  Garden  Bank  has  increased  materially  since  last  year.  The  old 
channel  at  **The  Wrecks"  has  now  shoaled  to  8  feet  mean  low-water. 
Very  respectfully,  your  obedient  servant, 

Jas.  C.  Post, 
Captain  of  Engineers. 

Lieut.  Col.  Q.  A.  Gillmore, 
Corps  of  Engineers,  U,  S.  A, 


commercial  statistics. 

City  of  Savannah, 
Mayor^s  Office,  June  8,  1878. 

General  :  I  have  the  honor  to  acknowledge  receipt  of  your  letter  of  the  27th  ultimo, 
and  herewith  submit  a  general  statement  of  the  information  you  request. 

The  section  of  countrjr  from  which  Savannah  derives  its  business  embraces  Georgia, 
Florida,  Alabama,  Mississippi,  Tennessee,  and  that  portion  of  South  Carolina  border- 
ing, or  adjacent  to  the  Savannah  River.  This  country  is  made  tributary  to  the  busi- 
ness of  the  city,  by  the  Central  Railroad  of  Georgia,  extending  to  Augusta  130  miles, 
to  Atlanta  300  miles,  to  Columbus  and  Opelika  330  miles,  to  £ufaula  300  miles,  with 
connections  at  all  these  points  with  roads  running  througn  South  Carolina,  Tennessee. 
Alabama,  Mississippi^  and  to  all  points  north,  south,  and  west :  by  the  Atlantic  ana 
Gulf  Railroad  to  Bainbridge,  on  the  Flint  and  Apalachicola  Rivers,  260  miles,  to 
Albany  220  miles,  and  to  Live  Oak,  Fla.,  160  miles,  connecting  at  the  latter  point  with 
Jacksonville,  Pensacola^  and  Mobile  Railroads,  and  all  the  other  railroads  in  that  State ; 
by  the  Savannah,  Altamaha.  Satilla,  and  Saint  Mary's  Rivers,  on  all  of  which  there  are 
regular  lines  of  steamers  making  semi-weekly  trips ;  also  by  steamers  with  Florida,  run- 
ning alon^  the  coast  of  Georgia  and  Florida,  to  and  up  the  Saint  John'd  River.  For 
the  statistics  of  foreign  and  domestic  exports  for  the  year  1877, 1  refer  you  to  the  mayor's 
report  for  that  year,  pages  94  and  95,  copy  of  which  I  mail  jrou  under  a  separate  cover. 
It  is  proper  to  remark  that  the  epidemic  of  yellow  fever  which  prevailed  here  in  the  fall 
of  1876,  materially  decreased  the  business  of  the  port  for  the  year  1877,  at  a  reasonable 
estimate  diverting  100,000  bales  of  cotton  to  other  ports,  besides  large  quantities  of  other 
merchandise. 

The  exports  for  the  year  1878  will  be  largely  in  excess  of  1877,  the  receipts  and  ex- 
I)ort8  of  cotton  amounting  to  this  time  to  over  600,000  bales.  It  is  estimated  that  the 
total  exports  for  the  cotton  year  1877-78  will  exceed  650,000  bales,  200,000  barrels  naval 
stores,  50,000,000  feet  lumber  and  timber,  25,000  tierces  ofrice^  and  30,000  bales  of  wool, 
and  a  verv  large  increase  of  the  fruit  and  vegetable  trade,  and  in  merchandise  generally. 
These  estimates  are  based  on  actual  figures  to  this  time.  It  is  confidently  expected 
that  the  receipts  of  cotton  at  this  port  for  the  cotton  year  1878-79  will  reach  800,000 
bales.  This  increase  will  result  from  the  increased  facilities  for  moving  merchandise 
promptly  and  safely. 

During  the  past  ye^a:  two  steamers,  in  a<ldition  to  those  previously  on  that  trade,  have 
l>een  placed  on  the  line  to  New  York,  and  two  others  are  now  building  for  the  same 
line,  that  will  be  completed  in  September  next ;  all  of  over  2,100  tons  capacity  and  draw- 
ing 16^  feet  of  water  loaded. 

There  has  also  been  a  decided  improvement  in  the  steamers  trading  to  Baltimore, 
much  larger  and  finer  ships  being  now  employed  than  have  been  in  tlie  past.  It  is 
also  noticeable  that  the  sailing-vessels  that  trade  at  this  port,  are  generally  of  larger 
tonnage  than  heretofore,  and  during  the  past  sprinof  there  have  been  seversd  instances 
of  ships  ^oiiig  from  our  wharves  to  sea  orawing  18  feet  3  inches  of  water.  The  ton- 
nage statistics  for  the  year  1877  show  a  larger  amount  of  tonnage  visiting  this  port 
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than  for  several  years  previously,  and  there  is  every  reason  to  suppose  that  a  muck 
greater  tonnage^will  be  required  the  coming  season. 


Very'respectfully,  your  obedient  servant, 
Gen.  Q.  A.  Gillmoke, 

Lieutenant-Colonel  of  Engineers, 


JOHX  F.  Wheaton,  Mayor, 


Imports^  port  of  Savannah j  1877. 


Articles. 


Salt 

Coffee 

Coal 

Sugar 

Molasses 

Cotton-ties . 
Chains.. 


Superphosphate  . 
Brimstone 


Sponge  . 

Earthenwai-e 

IVuits  of  all  kinds 

Silver  coin 

Gold  coin 

All  ai-ticles  not  above  specified  . 


Total 

Total  import  dnty  collected. 


^ml  i  Q-»»«ty- 


Pounds...    13,733,271 
do '    2,245,263 


Tons. 
Pounds . . 
Gallons . . 
Bundles  , 
Pounds  .. 

Tons 

...do... 


1,479 
89,556 
95, 781 
16,388 
29,852 
725 
725 


Value. 


$24.  233  00 

397,  320  00 

3,060  00 

4,  612  00 

22,044  00 

15,643  00 

1,247  00 

12,164  00 

15,  370  00 

10.  972  00 

1,167  00 

8,  769  00 

27.945  00 

820  00 

19,  571  00 


564,937  00 
34,959  93 


Foreign  exporU,  port  of  Savannah,  1877. 


Articles. 


Quantity. 


Value. 


Cotten,  upland,  288,533  bales 

Cotton,  sea-island,  1,219  bales 

Naval  stores 

Lumber,  fj*et 

Shingles,  thousands 

Timber,  cubic  feet 

All  other  articles  not  specided  above . 


Total  value. 


135, 393, 504 
425,374 


17, 675, 000 
301 

481,888 


$15,  669, 574 

124. 797 

83,790 

245,  368 

1.417 

70,406 

48,  729 


16,  244,  081 


Memouaxpa. — The  exports  of  cotton  (foreign)  above,  represent  the  tiiinsactions  of  the  commercial 
year  comuiencing  September  1,  1876,  and  ending  August  31,  1877. 

Coadfivm  exports,  port  of  Savannahj  1877. 

Quantity. 

Cotton,  upland,  bales 217,472 

Cotton,  sea-island,  bales 7, 179 

Hides  (baled),  bales 2,181 

Hides  (single),  number 18,559 

Domestic  and  yam,  bales 11,866 

Rice,  casks -■ 16,812 

Timber,  sup.  ft 2,500,000 

Lnmber,  sup.  ft 25,314,972 

Kosin,  barrels 102,274 

Spirits  turpentine,  barrels 18,453 

Wool,  bales    1,143 

Moss,  bales • 312 

Old  iron,  tons 1,031 

Paper  stock,  bales 733 

Fruit,  packages 23,284 

Ve£;etal)les,  packages 20,403 

Melons,  number 26,345 

Clay,  casks 282 

Sponge,  bales 376 

Coflee,  sacks 237 

Sugar  (hogsheads,  2,194 ;  barrels,  3,590) 

Sirup  (hogsheads,  115;  barrels,  365) 

Merchandise,  mlsceUaueous,  packages 59,291 
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Toniiage. 


American  vessel*  entered. . 
American  vesHels  cleared. . 

Fon'ipn  vesHels  entered 

Forei^i  vetwels  cleared 


iO,948 
44,829 
168,  247 
103, 342 


Men. 


951 
1,066 
3,950 
2,589 


Total  foreiRn . 


357,  366 


Coastwise  arrivals 

Coiwtwise  clearances  . 


379,  826 
439,  370 


8,556 


10,867 
12,  081 


819, 106 

22,948 

Total  cojistwise . .              

819,  106 
357,  368 

22,  948 

Total  foreipi 

8,556 

Grand  total 

1, 176,  562 

31,504 

37  E 
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H  3. 

IMPROVEMENT  OF   SAINT  AUGUSTINE   CREEK    (THUNDERBOLT   RIVER), 

GEORGIA. 

This  river  forms  part  of  the  inside  passage  between  the  Savannah 
River  and  Wassaw  Sound,  and  is  used  by  the  steamers  plying  between 
Savannah,  Brunswick,  Darien,  Fernandina,  and  the  towns  on  the  Saint 
John's  liiver,  Florida. 

The  only  improvement  neede<l  has  already  been  recommended  more 
than  once,  viz,  the  removal  of  a  heavy  timber  dry -dock  sunk  there  dur- 
ing the  civil  w^ar.  It  now  lies  dkectly  in  the  channel  in  20  to  25  feet  of 
water,  and  constitutes  a  very  dangerous  obstruction.  A  number  of  casu- 
alties of  greater  or  less  importance  have  already  been  caused  by  it.  Its 
length  is  225  feet,  depth  25  feet,  and  breadth  65  feet,  its  thickness  on 
the  bottom  being  3  teet,  and  on  the  sides  6  feet  and  upward.  Its  re- 
moval to  a  depth  of  10  feet  mean  low- water  will  suffice.  No  appropria- 
tion has  ever  been  made  by  Congress  for  the  improvement  of  this  stream. 

Appropriation  recommended  for  this  purpose |5, 000  00 


H4. 

.   IMPROVEMENT  OF  THE  HARBOR  AT  DARIEN,  GEORGIA. 

The  act  of  Congress  approved  June  18, 1878,  appropriates  the  sum  of 
$8^000  for  the  improvement  of  the  harbor  at  Darien,  Ga.  This  appro- 
priation, which  is  the  first  that  ha«  been  made  for  this  purpose^  is  not 
baseil  upon  any  preliminary  survey  or  upon  any  project  prepared  by  me 
or  under  my  dii-ection. 

The  town  of  Darien  is  situated  on  Darien  River,  11  or  12  miles  from 
Doboy  Sound,  measured  along  the  tortuous  channel  of  the  stream.  The 
river  enters  the  soimd  by  two  mouths,  one  of  which,  called  Back  River, 
between  Commodore  and  Wolf  Islands,  was  the  subject  of  correspondence 
with  the  Chief  of  Engineers  in  the  winter  of  1874-'75,  with  reference  to 
it8  improvement  by  the  United  States.  A  shoal,  with  only  9  to  10  feet 
of  water  upon  it,  existed  in  the  channel- way  and  interfered  with  the 
business  of  shipping  lumber  and  timber,  which  is  caiTied  on  to  a  very 
considerable  extent  in  that  locality. 

During  the  present  fiscal  year  the  sum  appropriated  will  be  expendetl 
in  deepening  the  water  on  this  shoal.  It  is  presumed  that  the  whole  of 
it  will  be  required  for  this  purpose. 

This  improvement  is  in  the  customs-district  of  Brunswick,  Ga. 

No  recent  commercial  statistics  are  at  hand.  The  exportation  of  tim- 
ber and  lumber,  as  shown  in  the  appended  table,  indicates  the  extent  to 
which  the  general  commerce  of  the  country  may  be  benefited  by  the  pro- 
posed improvement. 

Money  statement 

Amount  appropriated  by  act  approved  Juue  18,  1878 |8, 000  00 

July  1,  1878,  amount  available 8,000  00 

Auiouut  (estimated)  required  for  completion  of  existing  projcict H,  (KH)  00 
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Statement  of  marine  and  export  trade  of  Darlen,  Ga,  shomng  shipments  of  timber  and  luni- 
her  in  the  years  1871  to  1874  inclitsii^e. 


Year. 

Timber. 

Lamber. 

1871 

Feet 
21, 141, 125 
30,  500,  «55 
40, 885, 437 
5»,  563,  341 

Feet 
14  123,710 

1872 

17,  039, 717 
19  886,431 

1873 

1874 - 

18, 164, 809 



H5. 

IXSIDE  PASSAGE  BETWEEN  THE  SAINT  JOHN'S  RIVER  AND  FERNANDINA, 

FLORIDA. 

Ko  work  was  done  upon  tliis  passage  during  the  fiscal  year  jnst  closed, 
there  being  no  fiinds  available  for  the  purpose,  and  no  money  was  pro- 
\ide<l  for  the  j)resent  fiscal  year. 

I  made  a  trip  through  this  passage  in  a  small  light-draught  steamer 
in  Febmarv^,  1878,  and  ascertained  from  the  mast-er  and  pilots  that  no 
material  changes-  had  taken  i)lace  since  the  date  of  the  last  annual 
report.  Nor  is  thei-e  likely  to  be  any  change  so  long  as  the  channel  is 
used  by  st^^amboats.  At  the  most  contracted  pointy  through  Gunnison's 
Cut,  the  channel  at  low-water  is  scarcely  30  feet  vnde  and  not  more  than 
2J  feet  deep.  It  is  maintained  at  tliose  dimensions  by  the  passing  of 
vessels  through  it. 

Near  the  entranc^e  into  the  Saint  John's  River  there  is  another  verj' 
nanow  point. 

The  propriety  of  enlarging  the  passage  at  both  these  points  admits  of 
no  doubt,  so  long  as  the  channel  of  entrance  into  the  Saint  John's  Kiver 
over  the  bar  at  its  mouth  remains  unimproved.  The  examination  of  that 
bar,  which  will  soon  be  made,  may  result  in  a  project  for  penuanent 
works  of  improvement.  Slumld  this  be  the  case,  followed  by  an  ap})ro- 
imation  by  Congress  for  beginning  the  works,  the  idea  of  improving  the 
inside  passage  might  veiy  i)roperly  be  abandoned.  ()ther\\ise  it  ought 
to  be  enlarged  and  maintained. 

It  is  recommended  that  an  appropriation  of  $10,000  be  made,  which 
will  be  api)licable  to  the  imi)rovement  of  the  inside  passage  between  the 
Saint  John's  River  and  Fernandina,  or  to  the  bar  at  the  mouth  of  Saint 
John's  River,  Florida,  as  the  Secretary  of  War  shall  direct. 


H6. 

IMi^KOVEMEKT  OF  THE   BAR  AT  THE   MOUTH  OF  SAINT  JOHN^S  RIVER, 

FLORIDA. 

No  work  was  done  during  the  last  fiscal  year,  no  ftmds  being  available 
for  this  improvement. 

By  act  approved  June  18,  1878,  the  sum  of  $10,000  was  appropriated 
"for  deepening  the  bar  at  the  mouth  of  Saint  John's  River,  Florida." 

It  is  proposed  to  expend  out  of  this  sum  whatever  may  be  necessary 
in  making  an  examination  of  the  lower  portion  of  the  stream  and  the  bar 
at  its  mouth,  in  order  to  obtain  the  requisite  data  for  a  project  for  works 
of  permanent  impi-ovement.    The  stivam  will  be  gauged  at  several  points, 
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and  boiiags  ^vill  be  made  upon  the  bar  in  order  to  ascertain  the  character 
of  the  materials  of  which  it  is  composed,  and  their  cajjacity  for  supporting 
heavy  works.  This  examination  will  probably  cost  $2,500.  A  project 
for  expending  the  balance  of  the  $10,000  will  be  submitted  at  an  early 
day. 

Money  statement, 

Anioiiut  appropriated  by  act  approved  June  18,  1878 $10, 000  00 

July  1,  1878,  amount  available 10,000  00 


REPORT  OF  LIEUTENANT  H.  G.  WRIGHT,  UNITED  STATES  ENGINEERS,  MAY  24,  1853.* 

Washington,  D.  C,  May  24,  1853. 

Sir  :  I  have  the  honor  to  submit  herewith  a  maj)  of  the  survey  of  the  entrance  to  the 
Saint  John*8  River  and  Fort  George  Inlet,  ma-le  by  parties  of  the  Coast  Survey  under 
an  an-an;>;ement  entered  into  with  the  superiuten<lent.  Prof.  A.  D.  Bache.  I  have  also 
to  submit  the  following  report  in  relation  to  the  improvement  of  the  bar  conteinplated 
by  Con<^res8  in  tlie  appropriation  nmile  for  that  object. 

The  river  Saint  John's  has  its  outlet  in  latitude  30°  20^',  runs  in  a  westerly  direction, 
or  nearly  peri)endicular  to  the  coast-line,  to  Jacksonville,  an  estimated  distance  by  the 
windings  t>f  the  channel  of  25  miles,  where  it  turns  to  the  southward  and  runs  nearly 
]>arallel  to  the  coa^it  for  the  remainder  of  it**  extent.  Opposite  to  Jacksonville  it  is 
cc»mpai"atively  narrow  and  very  deep ;  through  the  rest  of  its  courae  from  near  its  mouth 
to  as  high  up  as  Palatka,  and  even  somewhat  above,  an  estimated  distance  of  over  100 
Hiik»s,  it  is  l)road  and  generally  shallow  with  the  exception  of  the  channel.  After 
passing  the  bar  a  depth  of  12  to  15  feet  may  be  carried  to  Jacks(mville,  and  from  10  to 
12  feet  to  Palatka.  Unlike  most  rivers  of  the  same  niagnitude  it  is  seldom  subject  to 
lieavy  freshets  in  the  rainy  season,  and  its  currents  are  principally  the  result  of  the 
tide.  It  is  in  fact  rather  a  succession  of  lakes  than  a  river,  and  may  more  properly  be 
considered  as  an  extensive  la<joon,  like  Indian  River.  A  little  above  Jacksonville  its 
width  is  said  to  be  alK)ut  5  mues. 

Its  im))ortance  to  the  development  of  the  resources  of  the  eastern  section  of  the  pen- 
insula can  hardly  be  overrated,  penetrating  as  it  does  the  heart  of  the  country  through 
several  degrees  of  latitude,  and  furnishing  a  ready  means  of  transporting  its  produc- 
tions to  a  nnirket.  The  country  in  it«  vicinity  is  being  graduallly  settled  up,  and  its 
agricultural  jiroducts  are  every  year  increasing,  lliese  all  tind  their  way  to  some 
point  on  the  river  from  which  they  are  shii)ped  either  to  Savannah  or  Charleston. 
The  lumber  business  is  also  increasing  with  sur])rising  rapidity  and  is  now  beconu*  an 
important  branch  of  industry,  the  lumber  being  shipped  to  our  northern  ports  and  the 
West  Indies  by  brigs  and  schooners,  of  as  great  draught  as  can  be  carried  over  the  bar. 
Nearly  all  the  mills  in  East  Florida  are  situated  on  this  river.  The  contemplated  ship- 
canal  across  the  ]>eninsula,  the  survey  for  which  was  provided  for  by  Congress  at  the 
same  time  with  the  approj)riation  for  the  improvement  of  this  river,  must  probably 
have  its  eastern  terminus  on  the  Saint  John's,  and  will  most  likely  be  found  impractica- 
ble for  want  of  a  suitable  outlet,  unless  means  can  be  devised  for  deepening  its  bar 
sufficiently  to  admit  vessels  of  a  large  class.  On  the  success  of  its  imi»rovement,  too, 
rests  the  project  for  a  railroad  across  the  peninsula  terminating  at  Jacksonville,  a 
charter  for  which  was  granted  at  the  last  sessi(m  of  the  State  legislature. 

The  importance  of  the  river  to  the  pros])erity  of  East  Florida,  and  the  advantages 
thus  imperfectly  set  forth,  which  would  be  derived  from  an  increased  depth  of  water 
on  its  bar,  so  as  to  permit  vessels  of  a  large  class  to  engage  in  its  coumierce,  have  for 
some  time  attra(;te<l  the  attention  of  i)ersons  interested  in  the  advancement  of  their 
section  of  the  Stat«,  and  examinations  were  nuide  with  the  view  of  devising  some  meaufi 
of  improving  the  navigation.  One  of  these  schemes,  originating  with  Dr.  Baldwin, 
has  met  with  the  most  favor,  and  hiia  been  submitted  by  him  to  the  department,  and 
on  his  estimate  the  present  appropriation  is  understood  to  have  been  made.  As  his 
plan  embraced  the  inlet  lying  a  little  to  the  north  of  the  mouth  of  the  river,  the  sur- 
vey on  which  the  map  now  submitted  was  founded  includes  it  within  its  limits. 

i  have  given  to  the  subject  of  this  improvement  the  greater  part  of  my  attention 
dimng  the  past  winter,  and  have  studiecl  it  carefully,  both  as  a  matter  of  duty  and 
from  a  feeling  of  interest  in  the  success  of  any  attempt  to  improve  this  the  great  river 
of  Florida.  The  results  of  these  investigaticms  are  contained  on  the  map  of  the  sur- 
vey and  in  the  following  remarks. 

*  Appendix  S  S,  An.  Rep.  Chief  of  Engineers,  1853.— Ex.  Doc.  No.  1,  H.  R.,  33d  Cong., 
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The  obstmctlou  to  navigation  at  the  mouth  of  the  Saint  John's  is  the  bar  at  its  en- 
trance, shown  on  the  map,  on  which  there  is,  at  this  time,  only  7  feet  of  water  at  mean 
low  tide.  Bars  are  found  at  the  entran<e8  of  all  rivere,  harbors,  inlets,  &c.,  with  which  I 
am  acquainted,  except  those  in  the  coral  formations,  and  this  one  may,  it  is  presumed, 
be  fairly  attributed  to  the  same  cause  as  similar  bars  at  the  entrances  of  rivers,  &c., 
on  our  sandy  coawt,  but  not  to  the  same  as  those  at  the  mouths  of  rivers  which,  like 
the  Mississippi,  bring  down  large  amounts  of  sediment  from  the  interior  of  the  country, 
which  is  deposited  where  the  ciuTent  of  the  river  meets  resistance  enough  frtmi  the 
great  body  of  the  exterior  waters  to  deaden  its  velocity.  The  bar  of  the  Saint  John's 
is  of  hard  sand,  is  di8))08ed  in  a  ridge  which  slopes  off  each  way,  and  is,  as  may  be 
expected,  at  the  point  where  the  current  of  the  river  is  nearly  deadened  by  the  waters 
of  the  ocean.  The  water  that  flows  in  and  out  of  the  river  is  very  free  from  sediment 
a  short  distance  up  the  stream,  and  does  not,  I  am  sure,  bring  anything  down  in  sus- 
pensiim  that  is  de]>o8ited  on  the  bar.  What  little  is  brought  down  in  this  way  is  depos- 
ited ah)ng  the  banks,  in  the  channel,  which  haa  soft  bottom  in  places,  and  perhaps 
outside  the  bar,  where  the  soundings  indicate  soft  bottom  in  spots. 

What,  then,  is  the  source  fr<uu  which  the  bar  is  derived,  and  what  the  force  that 
brings  it  into  position  ?  The  answer  seems  plain.  It  is  due  to  the  ocean  waters,  and 
not  to  the  waters  of  the  river,  and  is  placed  in  its  present  position  by  the  combined 
action  of  the  sea  and  the  current  of  the  river.  Along  the  shore  of  this  part  of  the 
State  and,  1  believe,  through  the  whole  extent  of  our  sandy  coast  the  water  for  some 
distance  from  the  shore-line  is  shallow,  often  leaving  banks  of  pure,  line,  siliceous  sand 
bare,  or  nearly  ban*,  at  low-water.  This  shoal  water  extends  out  about  the  same  dis- 
tance from  the  shore  at  different  points  of  the  coast  where  the  circumstances  of  exposure 
to  the  ocean  and  other  disturbing  causes  are  the  same.  Applying  this  to  the  coast, 
both  above  and  below  the  entrance  of  the  Saint  John's,  and  we  have  a  line  of  flats 
extending  along  the  shore  which,  when  acted  up<m  by  the  current  of  the  river,  would 
un<loubtedly  be  forced  seaward  to  some  ext^^nt,  thus'making  a  bend  outward  in  the 
line.  We  tlierefore  see  where  the  river  empties  its  waters  into  the  ocean  the  outer 
edge  of  the  shoal  curves  outward,  being  farther  from  the  coast  than  either  above  or 
below.  Over  this  bank  or  shoal  the  waters  of  the  river  pass,  not  in  one  direct  line, 
but  8prea<ling  out  over  its  whole  extent  as  soon  as  it  loses  the  confluement  of  its  banks. 
The  whole  volume  is  not  spread  out  equally  over  the  shoal,  but  a  portion  of  it  retains 
its  direction,  and  continues  on  to  the  outer  edge  where  the  bar  proper  is  found,  and 
where  the  depth  is  greater  than  at  any  other  point. 

As  the  bar  is  a  shifting  one,  it  seems  necessary  to  ascertain,  if  possible,  all  the  facts 
connected  with  these  changes;  and,  after  many  inquiries  of  pilots  and  othei-s  sup- 
posed to  be  best  informed  in  the  matter,  I  have  come  to  the  conclusion  that  the 
prime  cause  of  every  decided  change  is  a  heavy  storm,  which,  by  the  heave  of  the  sea 
and  the  temporarj'  derangement  ofthe  current,  destroys  the  existing  relations  between 
the  usual  forces,  and  establishes  new  relati<ms  anumg  them,  causing  the  watei-sto  make 
their  way  out  in  a  new  direction,  where  the  force  opposing  their  egress  is  less  than  iu 
the  old  cme.  It  do«*s  not  seem  that  this  new  direction  is  a  i)ennanent  one,  or  rather 
the  one  it  must  necesarily  keep  till  another  storm  occurs,  but  only  a  general  course, 
from  which  it  may  change  from  day  to  day  within  slight  limits.  For  instance,  th« 
present  channel  was  found  more  than  two  years  ago,  and  has  been  subject  durinj; 
the  interval  only  to  slight  variations.  At  prewnt  it  is  working  ver>'  slowly  t<»  the 
southward,  a  direction  that  seems  more  natural  than  its  present  one.  Nor  should  it 
be  understood  that  when  a  new  channel  is  found  it  is  completely  fonned — that  any 
storm  makes  one  where  none  was  found  before.  The  stonii  only  causes  such  changes 
in  the  form  of  the  shoals,  depth  of  water,  &c.,  as  to  make  the  commencement  only, 
perhaps,  of  what  will  become  the  true  channel,  most  subject  t-o  change;  and  the  one 
refen'ed  to  above  as  liable  to  shift  as  that  <mtside  ofthe  inner  buoy. 

I  have  thus  far  spoken  only  of  the  shifting  of  the  channel  iu  direction,  and  not  of 
any  changes  of  depth  on  the  bar.  A  variation  of  deiith  is  liable  to  occur  at  any  time, 
and  does  not,  by  any  means,  necessitate  a  change  of  direction  or  position  of  the  bar, 
and  is  caused  entirely  by  the  dire<rtion  aiul  force  of  the  wind.  When  the  wind  is  off 
the  land,  and  blows  with  violence  for  a  considerable  time,  the  rapidity  and  duration 
ofthe  ebb  current  is  nmch  increased,  and  a  deepening  of  the  bar  is  tlie  result.  It  is 
said,  under  such  c-ircumstances,  to  run  out  iit  least  18  hours  in  the  24.  On  the  i-etum 
ofthe  wind  to  a  direction  on,  or  obliquely  on  shore,  the  bar  soon  Alls  uj)  again  to  its 
usual  depth.  I  shall  have  occasion  to  r<*fer  to  this  again  when  speaking  t»f  principles 
which  must,  in  my  opinion,  govern  in  any  imi>n)veinent  attemptwl. 

The  sand-hills  and  banks  of  the  river  near  the  mouth  being  of  fine  sand,  are  easily 
moved  by  the  water  and  wind,  and  are  pnme  to  change  in  fonn  and  position  when  the 
wind  is  at  all  strong,  a  portion  being  carried  into  the  river  and  thrown  up  in  other 
places  without  affecting  the  de])th  on  the  bar.  These  sands  seem  confined  to  the  river 
itself  in  their  etliM'ts,  changing  the  dej>th  of  water  at  various  points  not  in  the  channel- 
way.  For  instance,  the  bank  on  the  south  side  is  rapidly  progressing  in  past  the  light- 
house, having  increased  both  in  extent  and  height  since  I  first  arrived  at  the  mouth  of 
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the  river,  and,  indeed,  since  the  survey  of  this  part  was  made ;  and  this  sand  is  derived, 
in  part  at  least,  from  these  banks  and  sand-hills.  The  shoals  that  extend  out  to  the 
bar,  as  well  as  the  bar  itself,  are  also  of  this  character  of  sand,  easily  moved  by  the 
current  or  heave  of  the  sea,  and  but  for  the  equilibrium  established  between  the  Vari- 
ous forces  tending  to  its  motion,  the  shoals  it  forms  would  be  Hensibly  changed  from 
day  to  day.  As  it  is,  they  are  nearly  stable,  preserviuja:  generally  the  same  sha]>e  and 
depth  of  water ;  and  the  same  may  l)e  said  of  the  bar  itself. 

The  direction  and  force  of  the  currents  are  distinctly  shown  on  the  map  of  the  survey 
for  the  various  points  at  which  they  wei*e  taken.  In  addition  to  these,  which  were 
obtained  with  great  care  by  Captain  Craven,  with  a  float  made  for  the  i)uri)OHe,  he  ob- 
served the  direction  and  estimated  the  force  of  the  current  wliile  making  the  soundings 
over  the  slioals  on  both  sides  of  the  outlet ;  the  directions  being  determined  by  the  way 
the  boat  tended  when  anchored  for  the  purimse  of  taking  the  angles  of  position.  The 
general  directions  of  these  were  all  seawanl  (m  the  ebb-tide— the  natural  course  they 
would  take  when  spreading  out,  from  being  no  longer  confined  by  banks — and  their 
velocity  at  no  time  exceeded  half  a  knot,  in  his  judgment.  On  the  change  of  the  tide 
the  directions  were  reversed.  Like  all  large  estuaries,  the  directions  of  the  current 
and  tide  do  not  change  sinmltaiieously,  the  ebb  current  here  running  frtmi  one  to  two 
hours  after  the  flood-tide  has  commenced,  and  in  strong  westerly  winds  much  longer. 
The  same  is  true  for  the  flood  current  and  tide.  It  is  not  found,  however,  that  there 
are  any  decitled  counter  currents  along  the  banks  during  this  interval ;  so  this  rise 
must  be  accounted  for  by  the  swelling  of  the  waters  of  the  ocean  meeting  and  raising 
the  level  of  the  water  of  the  river,  which,  from  its  inertia  of  motion,  ccmtiimes  to  run 
for  a  time  in  spite  of  the  force  op])osed  to  it. 

Taking  one  of  the  tides,  the  ebb,  for  instance,  and  following  the  current  within  the 
the  limits  of  the  channel,  it  may  be  distinctly  traced  out  over  the  bar  proper ;  but  on 
approaching  the  edge  of  the  channel  below  the  sand-point  on  the  north  bank,  the  cur- 
rent is  there  found  to  feather  out  over  the  shoals,  and  is  dis])ersed  into  the  waters  of 
the  ocean.  Thus  a  considerable  part  of  the  wliter  of  the  river  is  delivered  not  over 
the  bar,  but  over  the  wide  extent  of  this  shoal,  and  its  effect  in  deepening  the  bar  con- 
sequently lost.  The  same  may  be  said,  to  a  less  extent,  of  the  currents  over  the 
breakers  on  the  south  side  of  the  river. 

Tidal  observations  were  taken  both  on  the  river  and  on  Fort  George  Inlet,  which 
show  a  general  concurrence  in  the  times  of  high  and  low  water  in  the  two  streams. 
This  is  not  true  of  the  current,  which  in  the  river  continues  to  run,  as  has  been  before 
remarked,  for  from  one  to  two  hours,  and  in  heavy  winds  still  longer,  after  the  tide 
has  changed,  while  in  the  inlet  the  changes  of  tide  and  current  are  nearly  simultaneous. 
The  current  and  tidal  observations  also  show  that  while  the  current  in  the  river-channel 
continues  to  run  after  the  tide  has  changed,  that  through  the  swashes  changes  nearly 
at  the  same  time  with  the  tide,  and  of  course  at  the  same  time  with  that  in  the  inlet. 
Taking  the  last  of  ebb,  for  instance,  the  current  of  the  river  runs  out,  s))reading  itself 
over  the  shoals  till  low-tide ;  but  on  the  commencement  of  the  flood,  the  ebl)-current 
is  mostly  confined  to  the  channel  and  out  over  the  bar,  while  over  the  shoals  and 
through  the  swashes,  what  current  there  is  is  in  toward  the  river — ^that  is,  a  flood  cur- 
rent. The  velocity  of  the  current  over  the  shoals  and  thn>ugh  the  swashes  is  small 
in  comparison  with  that  in  the  main  channel  of  the  river.  No  current  has  been  detected 
running  from  the  bar  to  the  inlet,  or  the  reverse;  and  Captain  Craven's  observations 
discover  no  other  current  oft'  shore  than  that  produced  by  the  wind.  Along  the  outer 
edge  of  the  shoal,  the  flood  wts  to  the  southward,  and  the  ebb  to  the  northwanl,  the 
velocity  not  exceeding  half  a  knot  in  moderate  weather,  but  much  influeiu'ed  by  the 
wind.  There  can  be  no  question,  I  think,  that  in  all  the  currents  over  the  shoals, 
through  the  swashes  or  rudimental  chaiuiels,  and  those  exterior  to  the  shoals,  the  direc- 
tion and  force  of  the  wind  exercise  nnich  influence  over  the  direction  and  velocity  of 
the  cun-ents — that  what  is  true  at  one  time  and  in  one  kind  of  weather  may  be 
found  untrue  at  another — though  I  believe  the  above  results  are  in  conformity  to  the 
general  law,  and  any  departure  from  thein  will  be  found  to  be  exceptions. 

Having  stated  all  the  facts  collected  which  seem  iniporiant  to  the  consideration  of 
the  subject,  I  will  now  give  what  seems  to  me  the  principles  which  nnist  govern  in 
any  attempted  improvement  of  the  bar.  It  is  seen  that,  under  the  same  circumstances, 
the  depth  of  water  on  the  bar  remains  about  the  same;  that  when  undisturbed  by 
extraneous  influences,  no  change  takes  place;  but  when  this  condition  of  equilibrium 
is  disturbed,  the  depth  of  water  at  the  princi])al  outlet,  and  ofren  its  ])osition,  are 
changed ;  that  westerly  winds,  which  increase  l)oth  the;  duration  and  velocity  of  the 
ebb-current,  always  tend  to  increase  the  depth  at  the  bar,  while  winds  on  shore  soon 
bring  it  again  to  its  former  condition.  Merely  deei)eniutf  the  bar,  then,  will  be  of  no 
avail;  it  must  soon  fill  up  again,  unless  some  means  can  be  devised  to  prevent  it.  To 
gain  this  greater  depth  and  retain  it,  a  greater  volume  of  water  must  be  made  to  pass 
over  the  bar,  reciuiring  a  greater  space  for  its  discharge,  or  what  will  be  eciuivalent  to 
increase  of  volume  or  greater  velocity,  or  both  combined.  Of  this  there  can  l)e  no  two 
opinions.    Tlie  eftect  of  an  increasc^l  volume  would  doubtless  be  to  increase  both  width 
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and  depth  of  the  outlet ;  but  would  it  increase  its  depth  in  proportion  to  the  width  f 
It  8(H'ni8  to  me  not,  if  the  width  of  the  outlet  over  the  bank  ih  not  reHtricted ;  for  is  it 
not  a  well-established  faet  that  on  these  bars,  after  a  certain  depth  is  obtainwl,  an 
increa«sed  velocity  or  volume  increases  width  rather  than  depth :  that  sand  is  much 
easier  moved  near  the  surface  by  cun-ents  than  at  greater  de])th8  t 

While  I  feel  satisfied  as  to  the  i»rinciple8  that  must  govern  in  any  attempted  improve- 
ment, I  am  not  so  confident  as  to  the  means  by  which  these  principles  should  be  carried 
out.  Indeed,  I  am  free  to  confess  that  I  see  no  plan  which  I  would  be  willing  to  sub- 
mit as  prcmiising  any  certainty  of  8uc<'es8.  In  an  undertaking  of  this  kind  the  judgment 
of  more  than  one  person  is '  desirable,  as  promising  more  reliable  results  mun  their 
united  exi)erience  and  skill,  and  in  commanding  the  confidence  of  the  public  in  the 
correctness  of  their  decision.  I  would  therefore  suggest  t<i  the  department  the  pro- 
priety of  sending  a  conunissiou  to  examine  the  river  and  submit  a  project  before  any 
action  is  taken. 

As  the  instructions  of  the  department,  however,  require  me  to  submit  a  plau,  it  may 
be  expected  that  one,  however  unsatisfactory,  will  be  oft'ered.  It  seems  to  me  that 
the  only  project  that  can  be  at  all  reliable,  is  to  confine  to  the  channel  the  waters  of 
the  river  that  pass  over  the  north  shoal,  by  a  breakwater  running  nearly  i)arallel  to 
the  channel,  and  extending  fn)m  the  shore  to' as  near  the  present  bar  as  it  can  be  rarried, 
thus  securing  a  much  greater  volume  of  water,  aiul  conse<iuently  a  greater  depth  over 
the  bar.  That  this  would  improve  the  bar,  so  long  as  the  channel  retains  its  present 
direction  and  posititm,  there  can  be,  I  think,  n(»  question.  What  the  result  would  be 
if  the  channel  were  to  shift  to  the  southward,  cannot  be  so  easily  foretold.  The  infiu- 
ences,  too,  might  and  probably  would  be  only  temporary,  from  the  sand  gnwlually  work- 
ing out  behind  and  beyond  the  extremity  of  the  breakwater,  and  finally  pnwlucing  a 
bar  farther  seaward ;  though  it  does  n<»t  seem  that  this  danger  is  so  great  here  as  in  the 
<"ase  of  rivers  whose  bars  are  produced  from  deposits  brought  down  in  suspension  by 
their  currents. 

While  giving  this  as  what  apiiears  to  me  the  most  apparent  as  well  as  the  only 
project  promising  success,  I  am  far  from  saying  the  plan  is  a  )»racticable  one.  The  sea 
breaks  heavily  over  this  bank  a  large  portion  of  the  time.  The  bank  itsi^lf  is  of  fine 
sand,  easily  moved  by  the  water;  an<l  it  would  seem  almost  impossible  to  overcome  all 
snch  obstacles  as  the  heave  <)f  the  sea  and  the  excavating  power  of  the  currents,  and 
construct  anything  upon  it  which  would  resist  the  violence  of  the  stonns  at  least  at 
such  cost  as  would  be  considered  admissible.  I  may  oven»8tiraate  the  difficulties  of 
such  an  undertaking,  but  I  think  not.  They  will  of  *coui*se  increase  with  the  extent 
of  the  work  from  the  shore,  being  great^'st  at  the  outer  extremity. 

Near  the  shore,  say  to  the  first  shoal,  the  work  would  be  comparatively  easy  of  con- 
stnu'tion;  and,  indeed,  the  desired  effect  might  be  obtained  by  sinking  a  line  of 
wrecks,  against  which  the  sand  won  hi  be  likely  to  accuuuilate  suflSciently  to  form  a 
barrier  to  resist  the  stonns.  It  is  not  possible  to  foresee  what  action  the  water  would 
pn>duce  on  the  sandy  bottom  along  and  particularly  at  the  end  of  such  a  breakwater 
as  is  proposed  ;  it  might  accunuilate  the  sand  or  it'might  cut  it  away,  leaving  a  deep 
channel.  Nor  is  it  possible  to  say  how  much  eftect  should  be  exj)ected  fnuu  a  short 
breakwater  in  deejiening  the  bar,  though  some  benefit  to  it  must  result,  if  the  forego- 
ing reasoning  be  <;oiTect. 

I  have  not  given  any  details  of  construction  for  such  a  work  as  is  propose<l,  or  any 
estimates  of  cost,  as  I  have  not  had  time  to  make  one  since  the  survej'  was  tinished. 
Nor  would  such  details  and  estimates  be  of  any  service  if,  as  I  hope  may  be  the  case, 
the  department  should  determine  to  refer  the  subject  to  a  conunission. 

The  (uily  other  ])roject  that  Jias  been  at  aU  studied  is  the  oue  projiosed  by  Dr.  Bald- 
win, and  which  I  return  herewith,  with  the  re<iuest  that  it  be  considered  when  the 
subject  is  examined.  Dr.  Baldwin  has  taken  great  interest  in  the  question  of  the  im- 
provement of  the  bar ;  has  examined  the  locality  personally,  and  has  come  to  the  con- 
clusions set  forth  in  his  rejmrt.  His  project  is  certainly  a  very  ingenious  one,  the 
me:ins  recjuired  for  its  accom)dishment  very  small,  and  his  confidence  in  its  success 
most  sanguine.  I  am  sorry  I  cannot  agree  with  him,  but  my  own  convictions  con- 
stniin  me  to  ditt'er  entirely  in  opinion  as  to  the  promised  success  of  his  plan,  which 
ought  and  I  hojie  will  be  attentively  considen^d  by  the  department  and  boai*d  when 
the  subject  is  investigated.  I  believe  he  intends  to  draw  up  another  report,  which 
shall  einbrace  other  facts,  and  place  his  theory  in  a  sha])e  niort*  satisfactory  to  himself 
than  in  his  original  paper,  and  which  he  will*  forward  to  the  department  as  soon  as 
prei»ared. 

A  breakwater  on  the  north  shoal  only  is  spoken  of  in  the  foregoing  rejiort,  though 
one  on  the  shoal  on  the  south  is  required  to  carrj'  out  the  [iroject  nilly ;  but  as  the  first 
is  by  far  the  most  necessary,  in  my  opinion,  and  should  be  the  first  tried,  the  other  is 
not  recommended  at  this  time. 

It  was  at  first  supposed  that  the  prot'e<*tion  of  the  light'-honse  and  the  improvement 
of  the  river  might  both  l)e  effected  by  the  same  means,  and  authority  was  given  to 
combine  the  two  appropriations  toward  attaining  the  conmion  object.    As  my  ix^jjort 
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to  the  Liorht-House  Board  proposes  a  project  of  operations  entirely  distinct  from  that 
recommended  for  tlie  improvement  of  the  river,  the  two  appropriations  ought  to  be 
hereafter  separated. 
Respectfully  submitted. 

H.  G.  Wright, 
Lieutenant  of  Engineers, 
General  J.  G.  Totten, 

Chief  EngineeTj  Washington,  D,  C, 


NOTES  TO  THE  FOREGOING  REPORT. 

I  have  been  struck  by  the  fact  that  the  mouths  of  the  only  rivers  and  inlets  I  have 
seen  on  this  coast  seem  to  be  jipradually  working  the  southward — a  coincidence  that 
may  be  entirely  accidental,  or  it  may  be  the  result  of  a  general  law.  I  have  seen  this 
in  the  ca«e  of  Mosquito  Inlet,  from  the  sketch  of  Captain  Rogers^s  survey ;  afterwards 
at  Saint  Augustine ;  then  at  Saint  John's  and  Fort  George  Inlet;  and*  I  nndei-stand 
the  same  is  true  for  Saint  Marj-'s,  or  rather  the  entrance  to  Cumberland  Sound. 

The  north  bank  of  the  Saint  John's  is  marshy  for  several  miles  up,  except  the  mere 
sand-bauk  just  at  the  mouth,  while  the  south  is  bordered  by  a  range  of  sand-hills  as 
far  u})  as  the  mill.  Along  this  southern  shore,  between  high  and  low  water,  the  marsh 
mud  is  found,  in  which  the  roots  and  stubs  of  the  grass  are  still  quite  perfect;  and  this 
mud  is  also  found  underlying  the  sand-hills  wherever  wells  have  been  dug,  showing 
its  conne<;ti(m  with  the  marsh  in  rear.  These  sand-hills  themselves  are  unquestion- 
ably gradually  traveling  to  the  southward,  as  is  shown  not  only  by  this  mud,  but  by 
the' palmetto  trees  which  are  still  growing  out  of  the  tops  of  the  hills,  but  whose 
trunks  are  entirely  buried  up.  Many  of  these  trees  are  just  being  uncovered  by  the 
w^ashing  away  of  the  face  of  the  hills,  their  trunks  being  now  exposed  down  to  the 
roots,  shc»wing  that  they  grew  on  ground  but  little  above  the  high-water  mark — that 
is,  in  rear  of  the  sand-hills  as  they  then  existed. 

As  the  great  storms  that  affect  the  coast  are  mostly  from  the  northeast,  may  not 
this  gradual  movement  of  the  mouths  of  these  rivers  and  the  sand-hills  on  their  banks 
l>e  fairly  attributed  to  their  agency!  It  would  seem  to  be  a  cause  sufficiently  pow^er- 
ful  to  i)roduce  such  an  effect,  and  is,  moreover,  the  only  axiparent  one.  Storms  from 
a  direction  off  the  land  are  often  severe,  but  their  influence  in  producing  changes  of 
this  kind  are  small  in  comparison  with  the  uortheastei-s,  which  have  a  wide  sweep 
over  the  ocean,  and  whose  power  is  not  diminished  by  the  obstacles  that  are  con- 
stantly opposed  to  the  wind  off  the  land.  These  last  winds  only  serve  to  retard  the 
effects  that  would  be  cauw^d  by  the  storms  trom  the  ocean,  not  to  annul  them. 

If  this  supposition  be  tnie,  may  not  the  material  of  the  bar  of  the  river  be  derived 
from  the  sand  along  shore,  which  is  thus  driven  to  the  southward  by  these  storms  into 
the  current  of  the  river,  and  deposited,  in  part,  on  the  bar  and  shoals,  and  which  con- 
stantly tend  to  move  the  bar  further  out  ?  If  so,  will  not  a  breakwater  on  the  north 
shoal  serve  to  arrest  these  sands  and  secure  i)ennanency  to  any  improvement  in  depth 
pr<Mluced  by  the  contrac^tion  of  the  outlet  f 

I  am  inclined  to  think  the  shifting  of  the  bar  of  this  river  to  be  less  in  amount  than 
is  generally  asserted.  If  we  look  at  the  map,  we  see  over  the  north  shoal,  near  the 
entrance,  two  very  distinct  swashes,  through  which  there  is  but  about  2  feet  less 
water  than  over  the  bar.  Any  storm  from  the  southward,  and  perhjips  any  direction 
on  shore,  might  act  upon  the  i)resent  bar  enough  to  incline  the  current  through  either 
of  these,  anaproduce  in  it  a  greater  dei)th  than  thnnigh  the  present  outlet.  This  cur  • 
rent,  when  once  established,  would  retain  its  direction  till  changed  by  another  storm, 
or  till  gradually  filled  up  as  the  old  one  open(^d.  The  same  may  be  said  of  the  south 
side,  where  there  is  full  as  much  water  as  on  the  north  side,  though  no  swash  channels. 
When  an  old  channel  becomes  very  bad — ^that  is,  should  the  pilots  seek  for  better 
water  and  a  new  channel  is  proclaimed,  they  observe  these  changes  only  so  far  as  they 
apply  to  their  own  business,  taking  little  if  any  notice  of  others,  however  interesting 
or  necessary  to  ])ersons  investigating  the  subject  with  a  ^iew  to  devising  projects  of 
improvement. 

Once  the  channel  ran  out  to  the  southward  in  a  position  not  easy  to  define,  but 
probably  along,  or  perhaps  over,  the  edge  of  the  southern  bank,  but  did  not  continue 
there  long.  It  grew  gradually  worse,  according  to  the  testimony  of  Mi*.  Palna,  an 
intelligent  citizen  of  the  vicinity,  at  that  time  engaged  in  the  live-oak  business,  when 
a  channel  was  found  nearly  or  quite  in  the  position  of  the  present  one.  The  current 
being  divided  between  the  two,  neither  possessed  sufficient  depth  for  the  vessels  he 
had  engaged  in  freighting  his  timber,  and  he  had  It  in  contemjuation  to  try  to  get  an 
appropriation  for  sinking  some  old  wrecks  in  the  southern  one  to  stop  it  up.  Fortu- 
nately the  straight  one  soon  improved,  and  the  other  filled  up  itself. 
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Sliould  any  attempt  to  improve  the  bar  be  successftil  it  would  be  necessary  to  make 
some  improvement  in  the  river  between  the  mouth  and  Jacksonville  in  order  that  it 
may  be  available.  Just  below  what  is  called  Davis's  Point,  about  10  miles  above  the 
bar,  the  channel  becomes  very  narrow,  and  as  shallow  as  12  feet,  fumishini^  a  depth  at 
high-water  of  say  14  to  15  feet ;  a  greater  depth  than  this  could  be  commanded  to 
Jacksonville  only  by  improvements  at  this  point.  Above  Jacksonville  the  channel 
becomes  shallow  again,  gi^ang  no  greater  available  depth  than  12  feet  to  Pioolata,  and 
10  feet  to  Pilatka ;  so  say  the  pilots.  Rise  of  tide  above  Jacksonville,  according  to  the 
same  authorities,  does  not  exeeed  1  foot. 

H.  G.  W. 
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Al^TJAL  KEPOKT  OF  CAPTADf  A.  K  DAMRELL,  COEPS 
OF  ENGINEEIiS,  FOK  THE  FISCAL  YEAR  ENDING  JUNE 
30,  1878. 

United  States  Engineer  Office, 

MobiU,  AIa.j  July  19,  1878. 
General  :  I  have  the  honor  to  transmit  herewith  annual  reports,  with 
financial  statements,  for  the  year  1877-'78,  for  the  river  and  harbor  im- 
provements under  my  charge. 

Very  respectfully,  your  obedient  servant, 

A.  N.  Damrell, 

Captain  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  8.  A. 


I  I. 

IMPROVEMENT  OF  HARBOR  AT  MOBILE.  ALABAMA. 

The  opening  of  a  13-foot  channel  from  Mobile  River  to  the  13-foot  curve 
in  Mobile  Bay  was  completed,  lus  stated  in  my  last  year's  report,  in  the 
mouth  of  September,  1876,  and  operations  during  this  fiscal  year  were 
confined  to  the  care  and  preservati<m  of  the  public  property  appertain- 
ing to  this  workj  and  the  removal  of  some  sunken  logs,  which  not  only 
endangered  navigation,  but  ah^o  showed  a  tendency  to  cause  the  channel 
through  Choctaw  Pass  to  fill. 

The  present  condition  of  the  channel  remains  unchanged,  no  com- 
plaints having  been  made  by  the  pilots ;  96  vessels  of  all  descriptions 
drawing  over  9  feet  (52  of  which  drawing  from  12  to  14  feet)  have  passed 
through  this  channel  to  and  from  the  wharves  of  the  city  during  the 
year. 

In  my  last  annual  report  I  directed  attention  to  the  great  advantages 
and  benefit  the  commerce  of  this  section  of  the  country  would  derive 
from  a  deep-water  channel  from  the  lower  anchorage  in  the  bay  to  the 
wharves  of  the  city  of  Mobile,  and  Congress,  by  act  approved  June  18, 
1878,  has  appropriated  the  simi  of  $10,000  to  be  applied  to  making  tests, 
sui'veys,  and  borings  to  determine  whether  the  ship-channel  now  leading 
from  the  lower  anchorage  in  Mobile  Bay  can  be  deepened  so  as  to  admit 
vessels  drawing  22  feet,  or  any  less  draught  above  13  feet,  to  the  wharves 
at  the  cit^'  of  Mobile. 

It  is  proposed  to  commence  these  surveys  and  investigations  as  soon 
^  the  preparations  for  the  necessary  outfit  for  this  work  are  completed. 

Mobile  harbor  is  in  the  coUection  district  of  Mobile,  Ala.,  and  Mobile  is  the  port  of 
entry. 
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The  following  £itatisties  have  been  furnished  me  by  the  collector  for 
this  fiscal  year : 

American  vessels  eutei'ed  from  foreign  countries  for  fiscal  year  ending 

June30,  1878 64 

American  vessels  cleared  for  foreign  countries  for  fiscal  year  ending  June 

30,1878 81 

Foreign  vessels  entered  from  foreign  countries  for  fiscal  year  ending 

June  30,  1878 .' 75 

Foreign  vessels  cleared  for  foreign  countries  for  fiscal  year  ending  June 

30,  1878 78 

Total  amount  of  tonnage 165, 845 

Coastwise  arrivals  for  fiscal  year  ending  June  30,  1878 105 

Coastwise  clearances ' 55 

Total  amount  of  tonnage   34, 45J7 

Total  imports  for  fiscal  year  ending  June  :50,  1878 |1, 114, 442  00 

Total  exports  for  fiscal  year  ending  June  30,  1878  ^,  126, 634  00 

Total  amount  revenue  collected  for  fiscal  year  ending  June  30,  1878 $51,714  23 

Money  siMenwnt 

July  1,  1877,  amount  available $4, 015  57 

Amount  appropriated  by  act  approved  June  18,  1878 io,  000  00 

114,015  57 

July  1,  1878,  amount  expended  during  fiscal  year 2, 146  31 

July  1,  1878,  amount  available 11,869  26 


I   2. 

IMPROVEMENT  OF  HARBOR  AT  PENSACOLA,  FLORIDA. 

By  act  of  Congress  approved  June  18,  1878,  an  appropriation  was 
made  for  the  improvement  of  the  harbor,  inchiding  survey  and  estimate 
of  removal  of  wrecks  at  Pensacola,  Fla.  The  work  proposed  to  be  done 
under  this  appropriation  is : 

1.  The  removal  of  the  wrecks  near  the  entrance  to  this  harbor  by  con- 
tract, each  wreck  to  be  bid  for  separately. 

2.  An  examination  or  survey  with  necessary  soundings,  &c.,  to  de- 
termine the  most  advantageous  expenditui'e  of  auy  remaiidng  balance 
of  the  appropriation,  or  for  further  recommendations  for  improvement 
of  this  harbor. 

As  soon  as  this  project  for  the  expenditure  of  this  appropriation  is 
approved,  it  is  proposed  to  make  all  necessary  preparations  for  the  im- 
mediate prosecution  of  this  work. 

Tills  harbor  is  8ltuat<»d  in  the  collection-district  of  Pensacola,  ami  Pensax'ola  is  the 
port  of  entry. 

The  following  statement  has  been  fiirnished  me  by  the  collector  of 
customs  for  the  fiscal  year  ending  June  30,  1878 : 

Total  number  of  vessels  arrived,  579 ;  tonnage,  296, .^63.  Total  number  of  vessels 
cleared,  596;  tonnage,  306,190. 

Importduties $10,219  49 

Tonnage  dues 4H,  926  70 

Hospital  money  collected 2, 182  75 

Exports  to  foreign  countries 2,  06;^,  986  00 

Exports  coastwise 511, 110  00 

Total 2,636,424  04 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $20,  000  00 

July  1,  1878,  amount  avaUable 20, 000  00 
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I  3. 

IMPROVEMENT  OF  HARBOR  OF  CEDAR  KEYS,  FLORIDA. 

Under  an  appropriation  of  $10,000,  made  by  act  of  Congress  approved 
August  14, 1870,  and  made  available  by  order  of  the  honorable  Secretary 
of  War,  dated  March  3,  1877,  a  contract  was  entered  into  June  11,  1877, 
with  James  B.  Slang^hter,  the  lowest  bidder,  at  59^  cents  per  cubic  yard 
for  dredging  inside  the  bar,  and  92  cents  per  cubic  yard  for  dredging 
on  the  outer  bar.  To  ascertain  the  location  where  this  appropriation 
could  be  most  advantageously  expended,  a  competent  assistant  Wiis  ein- 
])loyed  to  examine  into  the  i>nicticability  of  making  a  cut  across  the 
middle  ground  between  Way  Key  and  Depot  Key,  and  its  advantages, 
who,  after  a  thorough  examination  of  the  condition  of  the  channel  and 
the  most  pre^ssing  wants  of  the  (commerce  of  this  place,  reported  favor- 
ably, and  located  it  about  a  quarter  of  a  mile  south  of  the  railroad 
wharf,  thereby  making  nearly  a  straight  channel  from  Grassy  Key  to  the 
city,  avoiding  the  tortuous  channel  north  of  said  key. 

This  project  having  been  approved  by  the  Chief  of  Engineers  by  letter 
dated  October  20,  and  the  channel  properly  staked  out  by  the  assistant 
in  charge,  dredging  operations  were  not  commenced  until  November, 
the  contractor  being  unable,  on  account  of  continued  stormy  weather 
during  the  summer  months,  to  bring  his  dredge  and  scow  to  the  work ; 
and  being  aware  that  he  could  not  complete  his  contract  within  the  time 
specified,  application  for  an  extension  of  time  from  De<fember  1, 1877,  to 
February  15,  1878,  was  made.  This  extension  of  time  having  been 
granted  by  letter  of  the  Chief  of  Engineers,  dated  December  8,  1877, 
dredging  oi>erations  were  carried  on  until  February  13,  when,  the  apiiro- 
priation  being  exhausted,  work  was  suspended. 

The  following  is  a  statement  of  the  lumiber  of  cubic  yards  excavated 
during  each  month: 

Cubic  yards. 

November,  1877 1,326 

December,  1«77 3,025 

Janmiiy,  1878 6,(>H6 

Febniary,  1878 3,184 

Total 14,221 

With  this  amount  of  excavation,  a  channel  with  an  average  width  of 
80  feet  and  a  depth  of  11 J  feet  at  mean  low  tide  through  the  Middle 
Ground  has  been  attained,  and  up  to  the  close  of  the  year  this  channel 
has  remained  unchanged  and  is  used  by  all  vessels  going  to  and  from 
Way  Keys. 

By  act  of  Congress  June  18,  1878,  an  appropriation  of  $20,000  has 
been  made  for  this  imi)rovement  for  the  fiscal  year  ending  June  30, 1879, 
and  the  work  proi)osed  to  be  done  under  this  appropriation  is: 

1.  Widening  channel  through  Middle  Ground  from  80  feet  to  200  feet, 
with  the  same  depth. 

2.  Widening  channel  through  Outer  Bar  from  100  feet  to  200  feet, 
with  the  same  depth. 

3.  I)eei>ening  channel  east  and  south  of  Grassy  Key. 

The  harbor  of  Cedar  Keys  is  situated  in  the  collection  district  of  Saint  Mark's,  and 
Cedar  Keys  is  the  port  of  entry. 

The  following  statistics  have  been  furnished  me  by  the  collector  of  the 
port  for  this  fiscal  year: 

Number  of  vessels  entered,  IIM,  with  a  tonnage  of  50,986  tons;  number  of  vessels 
cleared,  125,  with  a  tonnage  of  44,913  tons. 
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Value  of  exports  of  domestic  produce,  $13,403;  value  of  imports,  $3,058. 

Amount  of  revenue  collected,  $3,473.75.    The  original  cost  of  this  improvement  is 

Whole  amount  appropriated,  $52,500. 

An  appropriation  of  $50,000,  asked  for,  could  be  advantageously  expended  during  the 
fiscal  year  ending  June  :)0,  1880. 

Money  statement 

July  1,  1877,  amount  available $9,983  65 

Amount  appropriated  by  act  approved  June  18,  1878 20, 000  00 

$29,983  65 

July  1,  1878,  amount  expended  during  fiscal  year 9,983  65 

July  1,  1878,  amount  available 20,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 81,  000  00 

Amount  that  can  be  prohtabl^'  expended  in  fiscal  year  ending  June  30, 1880 . .     50,  000  00 


I4. 

IMPROVEMENT  OF  CHOCTAWHATOHEE  RIVER,  ALABAMA  AND  FLORIDA. 

Operations  on  this  improvement,  consisting  in  the  removal  of  snags^ 
cutting  of  overhanging  trees,  and  deepening  of  shoals,  were  continued 
at  the  beginning  of  this  fiscal  year  under  an  available  oalance  of  an  ap- 
propriation made  by  act  of  Congress  approved  August  14,  1876.  This 
work  was  carried  on  with  a  snag-boat,  fiat,  and  chartered  steamer,  as  in 
the  pre\iou8  year,  until  the  latter  part  of  August,  1877,  when,  for  want 
of  fiinds,  the  force  employed  had  to  be  discharged.  Over  630  snags  and 
1,200  overhanging  trees  were  removed,  and  the  shoal  at  Miller's  field 
deepened  by  removal  of  drift  and  graveL 

During  the  balance  of  the  year  operations  were  confined  to  the  proper 
care  of  the  property  appertaining  to  this  work* 

]N^o  api^ropriation  ha\ang  been  made  for  this  improvement,  no  work  is 
contemplated  during  next  fiscal  year. 

Original  estimated  cost  of  the  improvement,  ^4,332;  amount  appropriat<»d,  $15,000. 

An  apjiropriation  of  ^19,000,  asked  for,  could  be  advantagw)n8ly  expended  during  the 
fiscal  year  ending  June  30,  1880. 

The  Clioctawhatcltee  Kiver  is  situated  in  the  coUection  district  of  Pensacola^  and 
Pensacola  is  the  jiort  of  entry. 

Money  statement 

July  1,  1877,  amount  available |I2,786  38 

July  1,  1878,  amount  expended  during  fiscal  year 2, 577  81 

July  1,  1878,  amount  available 208  57 

Amount  (estimated)  required  for  completion  of  existing  project 19, 3:52  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     19, 000  00 


15. 

IMPROVEMENT  OF  APALACHICOLA  RIVER,  FLORIDA. 

This  improvement  was  carried  on  under  an  unexpendeil  balance  of 
former  api)ropriation. 

In  prosecution  of  the  projei*.t  of  further  impro\ing  of  Moccasin  Slough, 
on  this  river,  the  steam  snag-boat  Clara  Dunning  was  moved  tvom  the  Chat- 
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tahoochee  Eiver  to  that  point  in  Jaiuiary,  1878,  and  work  was  continued 
until  the  middle  of  April.  During  this  time  a  dam  130  feet  long  was 
eon8tnict^l  on  the  west  side  of  upper  end  of  Moccasin  Slough ;  the  pohit 
of  land  on  the  east  side  and  a  small  island  above  the  junction  were  cut 
away  to  straighten  the  channel  and  force  a  larger  volume  of  water  through 
the  slough.  Four  hundred  and  eighty-six  cubic  yards  of  earth  were  ex- 
cavated, over  270  logs  and  snags  pulled  out  of  the  channel,  and  many 
overhanging  trees  cut  and  removed.  Fifteen  piles  were  also  driven  at 
the  mouth  of  the  river  to  afford  protection  to  vessels  during  stormy 
weather. 

By  act  of  Congress  approved  June  18, 1878,  an  appropriation  of  $8,000 
was  made  for  the  improvement  of  this  river,  and  the  following  project 
submitted  for  its  expenditure  during  fiscal  year  ending  June  30^  1879 : 

1.  To  improve  Apalachicola  Cut-off  and  make  the  same  navigable  to 
Wliite's  Bluff,  by  the  removal  of  snags,  sunken  logs,  and  shoals. 

2.  To  widening  and  straightening  channel  of  Moccasin  Slough. 

3.  To  removal  of  all  sunken  logs  and  trees  which  may  interfere  with  or 
endanger  navigation  on  this  river. 

This  river  is  situated  in  the  coHectiou-district  of  Apalachicola,  and  Apalachicola  is 
the  port  of  entry. 

The  following  statistics  have  been  furnished  me  by  the  collector  of 
this  i)ort : 

Amount  of  revenue  collected  at  the  port  of  Apalachicola,  Fla.,  during  fiscal  year 
ending  June  30,  1878,  from  customs,  |27i.05. 

Number  of  vessels  entered  during  above  period,  24;  tonnage,  3,135.30.  Number  of 
vessels  cleared  during  above  period,  23 ;  tonnage,  2,727.73.  Number  of  vessels  belong- 
ing to  this  district,  26 ;  tonnage,  1,204.60. 

Estimated  amount  of  merchandise  carried  by  vessels  "within  the  district  of  Apalach' 
icola . 

Original  estimated  cost  of  work $80,000  00 

Amount  appropriated  previously 20, 000  00 

Amount  appropriated  for  fiscal  year  ending  June  30,  1879 8, 000  00 

An  appropriation  of  $20,000,  asked  for,  could  be  advantageously  expended  during  the 
fiscal  year,  June  30,  1880. 

Money  statement 

July  1,  1877,  amount  available |4,776  91 

Amount  appropriated  by  act  approved  June  18,  1878 8, 000  00 

$12,776  91 

July  1,  1878,  amount  expended  dnring  fiscal  year 4,074  33 

Amount  available 8,702  58 

Amount  (estimated)  required  for  completion  of  existing  project 52, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      20, 000  00 


16. 

IMPROVEMENT  OF  CHATTAHOOCHEE  AND  FLINT  RIVERS,  GEORGIA. 
CHATTAHOOCHEE  RIVER. 

At  the  close  of  last  year  the  steam  snag-boat  was  undergoing  repairs^ 
which  were  completed  dnring  the  month  of  July,  and  work  on  the  im- 
provement of  Wolfax  Bar  resumed  To  complete  this  work,  it  was  found 
necessary  to  extend  the  shore  protection  on  the  Georgia  side  about  200 
feet,  lengthen  the  jetty  on  the  Alabama  side  by  brash- work  about  570 
feet,  and  to  still  further  contract  the  channel,  construct  two  short  mng- 
dams  90  by  40  feet  long.    During  the  month  of  October  these  works 


Digitized  by  VjOOQIC 


592 


REPORT   OF   THE   CHIEF   OP   ENGINEERS. 


were  completed,  and  there  are  now,  at  low-water,  not  less  than  4  feet  of 
water  over  this  bai\ 

The  bars  at  Abercrombie,  Shell  Creek,  Chimneys  Bluff,  and  Snake 
Shoals  were  greatly  improved  by  the  removal  of  snags,  sunken  logs,  and 
overhanging  trees,  and  the  construction  of  about  200  feet  of  jetties, 
before  work  had  to  be  suspended  on  account  of  high- water.  The  snag- 
boat  and  working-]}aii:y  transferred  to  the  Apalaclucola  River. 

The  blasting  party  in  the  mean  time  were  engaged  in  removing  rocks 
from  Uchee,  Slick  Bluff,  and  Hardridge's  Shoals ;  over  600  cubic  yards 
of  rock  were  taken  from  the  channel  on  those  bai*s,  besides  a  large  num- 
ber of  snags  and  sunken  logs.  We  have  now  a  cliannel  GO  feet  wide  by 
4  feet  at  low- water  over  these  shoals,  which  were  very  dangerous  to 
navigation.  On  Noveml>er  7,  1877,  the  l)oat  engaged  in  blasting  on  the 
Chattahoocliee  was  towed  to  Bainbridge  on  the  Flint  River,  where  the 
work  was  carried  on  during  the  remainder  of  the  year. 

By  act  of  Congress  approved  June  18, 1878,  an  api)rdpriation  of  $18,000 
was  made  for  the  improvement  of  the  Chattahoochee  River,  and  the 
following  project  has  been  submitted  for  the  expenditure  of  same  during 
the  fiscal  year  ending  June  30,  1879 : 

It  is  contemplated  during  next  year  to  continue  the  work  on  the  im- 
provement of  the  most  dangerous  shoals  on  the  Chattahoochee  River, 
such  as  Hardridge's  Shoals  and  King's  Rock,  and  then  resume  operations 
on  the  Flint. 

FLINT  RIVER. 

Work  on  the  improvement  of  this  river  was  commenced  in  the  early 
part  of  JS^ovember.  1877,  when  the  blasting  boat  and  party  were  trans- 
ferred from  the  Chattahoochee  to  the  Flint  River.  The  i)rincipal  ob- 
structions to  navigation  on  this  river  are  rock  shoals,  and  the  work  dur- 
ing the  year  has  been  confined  to  the  blasting  of  rocks  and  removal  of 
snags.  Beginning  at  the  wharf  at  Bainbridge  and  working  down  to  Lam- 
bert's Island,  703  cubic  yai'ds  of  rock  and  168  siuiken  logs  were  removed, 
and  for  that  distance  a  channel  4  feet  deep  and  00  feet  \\i<le  at  low- water 
has  been  obtained. 

By  jict  of  Congress  approved  June  18, 1878,  an  appropriation  of  $10,000 
was  made  for  the  improvement  of  the  Flint  River,  and  the  following 
project  has  been  submitted  for  the  expenditure  of  same  diuing  the  fiscal 
year  ending  June  30, 1879 : 

1.  To  continue  the  improvement  on  this  river  from  Lambert's  Island 
to  its  mouth,  by  blasting  and  removal  of  rocks,  sunken  logs,  and  over- 
hanging trees. 

2.  To  extending  this  improvement  to  river  between  Bainbridge  and 
Albany,  as  far  as  the  ai)propriation  will  permit. 

Chattahoochee  and  Flint  Rivera  are  in  the  collection  districts  of  Mohile,  Savannah, 
Brunswick,  and  8aint  Mary's.    The  nearest  ])ort  of  entry  is  Apalachicola,  Fla. 

The  following  is  the  only  information  that  could  be  obtained  in  regard 
to  the  statistics  of  the  traffic  carried  on  these  rivers : 


Number  of  articles. 


32.860  bales  of  cotton 

5,317  boxes  of  oi-an^es 

3, 115  banvls  of  sirup 

43,00()  barrels  of  tiour 

31,304  sacks  of  com  

600,000  pounds  of  bacon 

43,200  sacks  of  nicul 

51,000  pncka||;eB  assorted  freight 

Total 


Valao. 


$1, 971, 000  00 
47, 853  00 
02,300  00 
387,000  00 
46,  956  00 
48,000  00 
64, 80O  00 
2,  963,  000  00 


Freight 


$32,  P.'iO  00 

1,  :)92  10 

2,  8tK)  00 
12,  900  00 

6,  260  80 
18,  000  00 

8.  fi40  00 
16,  040  00 


5,  590,  909  00         99,  982  90 
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RECAPITULATION. 

Values $5,590,909  00 

Freight 99,982  90 

Passage 28,000  00 

Total  value 5,718,891  90 

Original  estimated  cost  of  improvement 330, 000  00 

Total  amount  nppi-opriated  for  both  rivers 98, 000  00 

Appropriation  asked  for  fiscal  year  ending  June  30,  1880 50, 000  00 

Money  statement 

July  1,  1877,  amount  available $25,565  09 

Amount  appropriated  by  act  approved  June  18,  1878 28, 000  00 

: 153,565  09 

July  1,  1878,  amount  expended  during  fiscal  year 21, 647  57 

July  1,  1878,  amount  available 31, 917  52 


Amount 
Amount 


(estimated)  required  for  completion  of  existing  project 232,  000  00 

that  can  be  proiitably  expended  in  fiscal  year endmg  June  30, 1880.      50, 000  00 


I7- 

IMPROVEMENT  OF  BLACK  WAKRIOR  AND  TOMBIGBEE  RIVERS,  ALABAMA. 

The  amoimt  of  fdnds  available  at  the  beginning  of  this  fiscal  year  for 
the  improvement  of  these  rivers  was  not  si^cient  to  justify  the  employ- 
ment of  a  large  working  force,  and  in  order  to  expend  the  same  most 
advantageously,  taking  into  consideration  the  boating  interests  on  the 
rivers,  it  was  deemed  best  to  fit  out  one  snag-boat  and  commence  the 
removal  of  snags,  sunken  logs,  and  overhanging  trees  at  the  mouth  of 
the  Black  Warrior  Eiver,  and  continue  this  work  upstream  as  far  as  the 
amount  available  would  permit.  Iliis  was  accordingly  done,  and 
although  the  season  was  short  and  the  work  repeatedly  interrupted  by 
rains  and  freshets,  snags  and  overhanging  trees  were  removed  from  the 
mouth  of  the  river  to  Log  Shoals,  where,  on  November  7, 1877,  opera- 
tions had  to  be  suspended. 

The  work  done  during  the  season  amounts  to  the  removal  of  804  large 
logs  and  the  cutting  of  73  overhanging  trees.  From  the  mouth  of  the 
river  to  Ea^tport,  a  distance  of  ^2  miles,  there  is  now  a  low-water 
channel  of  2^  feet  minimum  depth,  which  enable  the  light-draught  boats 
running  on  this  river  to  reach  that  place  at  all  seasons. 

The  following  are  the  statistics  iu  regard  to  the  trade  on  these  rivers 
which  I  have  l^en  able  to  obtain : 

Number  of  bales  of  cotton  carried  dnring  the  year 110,090 

Value  of  bales  of  cotton  carried  daring  the  year |5, 702, 662 

Estimated  value  of  merchandise $4,623,680 

By  act  of  Congress  approved  June  18,  1878^  an  appropriation  of 
$28,000  was  made  for  these  rivers,  and  the  following  projects  have  been 
submitted  for  the  expenditure  of  same  for  the  fiscal  year  ending  June 
30,1879: 

1.  To  continue  the  improvement  of  the  Warrior  Eiver  from  Eastport 
to  Tuscaloosa. 

2.  To  the  removal  of  all  snags,  sunken  logs,  and  overhanging  trees, 

38  E 
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and  the  improvement  of  the  worst  bars  on  the  Tombigbee  Eiver  from 
Demopolis  to  its  mouth. 

Original  estimated  cost  of  work , $172,603  00 

Whole  amonnt  appropriated 68,000  00 

Appropriation  asked  for  fiscal  year  ending  June  30,  1880 100, 000  00 

Money  statement 

July  1,  1877,  amount  available |5,463  04 

Amount  appropriated  by  act  approved  June  18,  1878 40, 000  00 

$45,463  04 

July  1,  1878,  amount  expended  during  the  fiscal  year 4, 318  24 

July  1,  1878,  amount  available 41,144  80 

Amouu t  (estimated)  required  for  completion  of  existing  project 104, 603  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880.     100, 000  00 


I  8. 

IMPROVEMENT  OF   TOMBIGBEE  RIVER  ABOVE  COLUMBUS,  MISSISSIPPI. 

The  survey  of  this  portion  of  the  Tombigbee  Eiver  was  made  during 
the  fiscal  year  ending  June  30, 1873,  under  the  charge  of  Maj.  Walter 
McFarland,  Corps  of  Engineers,  and  for  estimates  and  recommenda- 
tions I  would  respectfully  refer  to  his  report  contained  in  Annual  Report 
Chief  of  Engineers,  1873,  page  548. 

The  amount  of  $10,000  was  appropriated  by  act  of  Congress  approved 
March  3, 1873,  for  the  improvement  of  the  Tombigbee  River,  of  which  sum 
only  $4,607.05  was  expended  above  Columbus;  the  balance  was  used  for 
the  lower  part  of  the  river.  No  appropriations  have  been  made  since 
until  by  act  of  Congress  approved  June  18,  1878,  $12,000  were  appro- 
priated for  this  improvement  and  the  work  put  under  my  charge. 

The  following  project  has  been  submitted : 

To  the  removal  of  snags,  sunken  logs,  and  overhanging  trees,  and  the 
improvement  of  the  worst  bars  on  this  river  above  Columbus,  as  far  as 
the  appropriation  will  allow. 

The  Tombigbee  is  in  the  collection  district  of  Mobile,  and  Mobile  is  the  port  of 
entry. 

Original  estimated  cost  of  the  improvement |35, 000  00 

Amount  appropriated 16, 667  05 

Appropriation  a«ked  for  and  which  can  be  profitfl-bly  expended  daring 

fiscal  year  ending  June  30,  1880 18,000  00 


1 9. 
IMPKOVEMENT  OF  ALABAMA  RIVER,  ALABAMA. 

The  examination  and  survey  of  this  river  was  made  during  the  fiscal 
year  ending  June  30,  1876,  and  for  e^stimates  and  recommendation  for 
this  improvement  I  would  respectfully  refer  to  my  annual  report  of  that 
year.    (Report  of  Chief  of  Engineers,  1876,  Part  1,  page  498.) 

By  act  of  Congress  approved  June  18,1878,  an  appropriation  of  $25,000 
was  made  for  the  improvement  of  the  Alabama  Eiver,  and  the  following 
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project  has  been  submitted  for  the  expenditure  of  same  during  the  fiscal 
year  ending  June  30,  1879 : 

1.  To  closing  cut-oflf  about  12  miles  above  the  mouth  of  the  river  by 
the  construction  of  substantial  dams  and  necessary  jetties,  &c. 

2.  To  removal  of  all  snags,  sunken  logs,  and  overhanging  trees  from 
the  mouth  of  the  river  to  Wetiunpka,  Ala. 

The  Alabama  River  is  in  the  coUection  district  of  Mobile,  and  Mobile  is  *the  port  of 
entry. 

The  following  are  the  statistics  in  regard  to  the  trade  of  this  river 
which  I  have  been  able  to  obtain: 

Niunber  of  bales  of  cotton  carried  dnring  the  year 52. 216 

Value  of  bales  of  cotton  carried  during  the  year |2, 704, 788  HO 

Estimated  value  of  merchandise 2,350,000  00 

Original  estimated  cost  of  the  improvement 229,741  00 

Total  amount  appropriated 25,000  00 

Appropriation  asked  for  fiscal  year  ending  June  30, 1880 100, 000  00 

Money  statement 

Amount  appropriated  by  act  approved  June  18, 1878 $25,000  00 

July  1,  1878,  amount  available 25,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 229, 741  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  100, 000  00 
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ANNUAL  EEPOET  OP  CAPTAIN  C.  W.  HOWELL,  COEPS  OF 
ENGINEEES,  FOE  THE   FISCAL  YEAE  ENDING  JUNE  30, 

1878. 

United  States  Engineeb  Office, 

New  Orleans^  La.^  July  24, 1878. 
Gbnbrai.:  I  have  the  honor  to  forward  herewith  the  annual  reports, 
for  the  fiscal  year  ending  June  30, 1878,  of  the  various  works  of  river 
and  harbor  improvements  under  my  charge. 

Yery  respectfully,  your  obedient  servant. 

C.  w.  Howell, 

Brig.  Gen.  A.  A.  Humpheeys, 

Chief  of  Engineers^  U.  8.  A. 


Captain  of  Erigineers. 


J  I. 

IMPROVEMENT  OF  THE   MOUTH  OF  THE  MISSISSIPPI   RIVER  AT  SOUTH- 

WEST  PASS. 

The  work  of  dredging  at  Southwest  Pass  was  continued  until  August 
22,1877. 

The  act  approved  August  14, 1876,  appropriating  money  for  the  work, 
provided : 

That  thiB  appropriation  shaU  not  be  available  whenever  and  so  long  as  there  shall 
be  an  open  channel  of  18  feet  of  water,  at  mean  tide,  to  and  from  the  sea,  through  the 
South  Pass  of  the  MiBsissippi  River  to  the  port  of  New  Orleans. 

The  depth  of  channel  through  South  Pass  provided  for  in  the  above- 
cited  act  having  been  reported  by  the  inspecting  officer  of  that  work, 
instructions  were  received  firom  the  Chief  of  Engineers  to  suspend  ope- 
rations at  Southwest  Pass,  which  was  done  August  22,  1877,  and  the 
dredge-boats  employed  upon  the  work  laid  up  at  New  Orleans. 

A  daily  record  of  operations  is  given  in  the  appended  tabular  state- 
ment, of  which  t^e  following  is  a  synopsis : 
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In  response  to  advertisement  inviting  proposals  for  dredging  at  Sabino 
Pass,  Texas,  for  which  Congress  had  made  provision,  bids  for  the  work 
had  been  received,  and  were  being  considered  at  the  time  work  was  sus- 
I)ended  at  South^vest  Pass. 

As  tlie  lowest  responsible  bid  received  would  not  have  excavated  a 
channel  at  Sabine  Pass  of  the  depth  contemplated  by  the  act  appropri- 
ating, it  was  recommended  that  one  of  the  idle  dredge-boats  be  utilized 
for  the  purpose,  which,  it  was  thought,  would  be  able  to  excavate  a  deeper 
channel  at  less  cost  than  would  have  been  obtained  by  acceptance  of  any 
of  the  bids. 

This  recommendation  was  approved  by  the  Chief  of  Engineers.  The 
Ussayom  was  selected  for  the  service,  and  sent  to  Sabine  Pass  Novem- 
ber 22,  1877.  The  Essayons  became  disabled,  and  the  McAlester  was 
sent  to  relieve  her.  The  latter  vessel  left  this  port  January  1, 1878,  and 
sailed  from  South  Pass  January  2,  but  never  reached  her  destination. 

Since,  pieces  of  her  wreck  i)icked  up  in  the  Gulf  leave  no  doubt  that 
she  was  lost,  probably  in  the  severe  storm  of  January  3,  with  all  on 
board. 

Immediately  upon  notification  that  the  MoAUster  had  not  arrived  at 
Sabine  Pass,  boats  were  dispatched  from  !N^ew  Orleans  and  Galveston  in 
search  of  her.  These  vessels  cruised  in  every  direction  in  the  Gulf  it 
was  thought  possible  for  the  McAlester  or  her  wreck  to  have  drifted, 
with  the  hope  of  at  least  saving  some  of  her  crew.  However,  the  search 
resulted  in  nothing  beyond  picking  up  a  sky-light  and  hatch  (supposed 
to  have  belonged  to  the  McAlester)  by  tlie  revenue-cutter  McLane.  Sev- 
eral weeks  after  her  disappearance  portions  of  houses  recognized  as  be- 
longing to  the  McAlester  were  picked  up  in  the  Gulf,  which  would  seem  to 
suggest  that  she  probably  foundered,  and  that  the  portions  of  wreck 
found  were  afterward  detached  from  the  hull  at  the  bottom  of  the  Gulf 
by  action  of  the  waves. 

The  end  dock,  coal-barge,  and  storehouse  belonging  to  the  work  being 
of  no  further  service  that  would  justify  the  expense  required  to  care  for 
them,  were  sold  at  auction  by  direction  of  the  Chief  of  Engineers. 

Under  the  same  authority  the  launch  Survey  was  transferred  to  the 
work  for  improving  harbor  at  Galveston,  Tex.,  and  the  Essayons  and 
other  property  transferred  to  the  work  for  improving  Sabine  Pass,  Texas. 

The  following  statistics  regarding  tlie  commerce  of  the  port  of  New 
Orleans  for  the  year  ending  June  30, 1878,  have  been  kindly  furnished 
by  the  collector  of  the  port : 


Entrances. 

Clearances. 

Class. 

No. 

Tonnage. 

Class. 

Xo. 

Tonnage. 

Steam 

428 

778 

618,823 
430,510 

Steam 

440 
831 

625,974 

Sail                

Soil     

41)9, 031 

Total  nomber  of  vessels  entered. 

1,206 

1, 047, 333 

Total  number  of  vessels  cleared 

1,271 

1, 065, 005 

Total  value  of  imports tll,140,170  00 

Total  value  of  exports,  domestic 85,410,884  00 

Total  value  of  exports,  foreign 219,475  00 

85,630,359  00 


Total  amount  of  revenue  coUected  on  imports 1, 601, 646  32 
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The  work  is  located  in  the  collection  district  of  New  Orleans  and  near  the  light- 
house at  Southwest  Pass.    It  is  not  susceptible  of  permanent  completion. 

Whole  amount  appropriated $1,339,424  38 

Whole  amount  expended -. 1,339,424  38 

Money  statement 

July  1,  1877,  amount  available $10,760  98 

August  6^  1877,  amount  allotted  from  appropriation  for  repairs,  preservation, 
extension,  and  completion  of  river  and  harbor  works 12, 200  00 

Jnly  1,  1878^  amount  expended  during  fiscal  year 22,960  98 
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APPENDIX  J.  603 

IMPROVEMENT  OF  THE  ENTRANCE  TO  GALVESTON  HARBOR,  TEXAS. 

The  following  reports  fi*om  my  assistants,  Capt.  C.  E.  L.  B.  Davis, 
Corps  of  Engineers,  and  Mr.  H.  C.  Eipley,  assistant  engineer,  are  re- 
spectfully submitted  as  my  annual  report : 

REPORT  OF  CAPTAIX  CHARLES  E.   L.   B.  DAVIS,   CORPS  OF  ENGIXEERS. 

The  work  was  continued  up  to  '30th  of  November,  1877,  when  operations  were  sus- 
pended, owing  to  the  appropriation  having  become  exhausted. 

All  work  wa«  discontinued,  except  the  necessary  watching  of  public  property,  until 
the  12th  of  June,  1878,  on  which  date  I  arrived  in  Galveston,  and,  in  obedience  to  in- 
structions from  you,  made  arrangements  for  the  immediate  resumption  of  work,  and, 
on  tlie  re<*eipt  of  telegraphic  instructions  from  you  on  the  15th,  immediately  coumienced 
operations. 

REPAIR  OF  BREAKWATER  AT  FORT  POIKT. 

The  repairs  to  the  breakwater  were  completed  September  7,  1877,  some  1,200  pal- 
metto piles  being  used  for  the  work,  varying  in  length  from  18  to  24  feet. 

During  the  heavy  gale  of  Sei)tem  oer,  the  16th  and  17th,  this  breakwater  was  badly 
damaged,  and  was' left  in  about  the  same  condition  as  it  was  before  the  repairs  were 
commenced.  Where  new  pile-work  had  been  put  down  it  stood,  but  all  of  the  old 
piling  which  had  been  patched  up  was  carried  away. 

It  is  hardly  probable  that  had  tlie  whole  breakwater  been  built  anew  it  would  have 
withstoo<l  the  storm,  as  the  scour  during  the  heavy  September  gales  is  so  great  that 
no  i>ile-work,  unless  heavily  ballasted,  can  escape  undermining. 

BOLIVAR  POINT  GABIONNADE. 

This  work  consisted  first  of  a  double  row  of  pine  piling,  capped  and  braced,  with 
sheet-pUing  on  the  sea-side.  This  was  continued  out  513  feet,  where  the  gabionnade 
proper  was  commenced  in  6  feet  of  water.  The  piling  showed  indications  of  being 
undermined,  so  barrels  and  bags  filled  with  sand  and  fascine  mats  loaded  with  concrete 
blocks  were  used  to  protect  the  base  from  scour.  Tliese  repairs  were  completed  Sep- 
tember 15,  1877,  and  two  days  afterward,  during  the  September  gale,  the  entire  struct- 
ure was  swept  away. 

Durmg  the  year  316  gabions  were  sunk  in  this  gabionnade,  making  a  total  of  330 
gabions,  or  very  nearly  4,000  running  feet. 

As  the  water  was  quite  shoal,  averaging  but  little  over  6  feet,  the  gabions  were  sunk 
without  any  mats  being  placed  under  them.  They  have  all  settled  quite  luiiformly. 
This  settlement  during  the  September  storm  amounted  to  about  4  feet,  leaving  the  top 
of  the  gabionnade  but  little  above  the  general  surface  of  the  bottom ;  therefore  the 
gabions  of  this  line  will  hereafter  be  placed  u^ion  mats. 

CONSTRUCTION  GROUND  AT  BOLIVAR  POINT. 

Gabions. 

On  hand  July  30,  1&77 681 

At  the  construction-ground  at  Bolivar  the  number  of  gabions  constructed  during 
the  year  was 38 

Total 719 

Gabions  placed  in  Bolivar  Point  gabionnade 316 

403 
Gabions  washed  off  scow  during  September  storm 4 

On  hand  June  30,  1878 399 

For  the  construction  of  fascines,  mats,  and  concrete  blocks,  repairs  to  building  and 
plant,  attention  is  respectfully  invited  to  the  accompanying  report  of  Mr.  William 
Lane,  overseer.* 

*  Report  not  forwarded  to  Chief  of  Engineers. 
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I  transmit  herewith  r©i)ort  of  Mr.  H.  C.  Ripley,  aasiBtant  engineer,  of  the  survey 
work  done  during  the  y€*ar  ending  June  30,  1878,  together  with  the  tide  and  wind  rec- 
ord for  the  same  period.* 

As  work  was  resumed  so  late  in  the  month  of  June,  it  has  not  been  possible  to  com- 
plete the  survey  of  the  outer  bar. 

Very  respectfully,  your  obedient  servant, 

Chas.  E.  L.  B.  Davis, 

Captain  of  Engineers. 


REPORT  OF  MR.  H.  C.  RIPLEY,  ASSISTANT  ENGINEER. 

The  surveys  have  been  principally  hydrographic,  and  have  been  conducted  with  a 
view  to  the  exact  delineation  of  those  changes  which  have  occurred  in  the  harbor 
either  as  the  result  of  storms  or  through  the  direct  iniluence  of  the  gabionnades,  or  of 
both,  and  to  the  determination  of  the  positions  of  gabions  in  the  gabionnade. 

Monthly  reports  have  been  submitted  during  the  progress  of  the  work,  together  with 
tracings  of  surveys  made  at  the  time,  in  which  the  changes  occurring  from  month  to 
month  have  been  indicated  in  detail,  so  that  .it  seems  necessary  in  this  report  only  to 
indicate  those  general  changes  which  will  serve  to  compare  one  year  with  another,  and 
which  will  show  the  a^^tual  progress  made  during  the  year. 

INNER  BAR. 

The  changes  in  the  channel  across  the  inner  bar  have  been  progressive  since  the 
completion  of  the  Fort  Point  gabionnade  in  June,  1877, 

The  following  table  shows  the  depths  of  water  which  could  be  carried  across  the  bar 
at  times  of  surveys  :t 

Feet 

June,  1877 16 

July,  1877 16i 

August,  1877 16f 

September,  1877 ISj 

October,  1877 19i 

February,  1878  (reconnaissance) 20 

June,  1878 20^ 

The  depths  after  August  were  modified  by  a  shoal  inside  of  the  bar  proper  which 
was  not  affected  by  the  gabionnade. 
From  the  inner  end  of  the  gabionnade  across  the  bar  the  depths  were  as  follows : 

Feet 

September,  1877 19^ 

October,  1877 20 

June,  1878 22i 

This  shoaling  seems  to  be  the  result  of  a  cross-current  from  the  old  swash  channel 
around  the  end  and  through  the  breaks  in  the  pile  breakwater.  There  is,  nevertheless, 
a  channel- width  of  500  feet  between  the  18-foot  curves,  and  a  channel-width  of  200 
feet  between  the  20-foot  curves. 

P^om  the  inner  end  of  the  gabionnade  to  Bolivar  Channel  there  is  a  22i-foot  channel, 
with  a  least  width  of  500  feet  between  the  20-foot  curves. 

OUTER  BAR. 

But  one  survey  of  the  outer  bar  has  been  made  during  the  year,  that  of  September 
20  and  21,  1877,  immediately  following  the  equinoctial  storm.  As  shown  by  this  sur- 
vey, unimportant  changes  have  occurred.  The  channel  had  shifted  a  little  to  the  south, 
and  another  channel  had  opened  about  a  mile  south  of  the  old  one,  with  a  least  depth 
of  12i  feet,  and  the  18-foot  curve  in  Bolivar  Channel  had  been  pushed  out,  diminishing 
the  distance  across  the  bar  between  the  18-foot  ciirve«  1,300  feet.  There  seems  to  be 
no  tendency  to  re-establish  the  old  ship-channel  as  far  as  is  shown  by  this  survey  and 
a  reconnaissance  made  on  the  10th  ultimo. 

BOLIVAR  GABIONNADE. 

As  the  construction  of  Bolivar  gabionnade  progressed,  the  position  of  each  gabion 
was  carefully  located  and  plotted  so  as  to  show  its  longitudinal  and  lateral  inclination 

*  Tide  and  wind  record  not  forwarded  to  the  Chief  of  Engineers. 
t  Soundings  referred  to  plane  of  mean  low-tide.— C.  W.  H. 
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and  its  distance  from  the  outer  surface  of  mean  low-tide.  The  gabions  usually  settle 
from  1  to  1-^  feet  in  a  few  days  from  the  time  of  being  put  down,  and  are  seldom  level 
after  settling,  but  incline  more  or  lees  to  one  side  or  the  other,  generally  to  the  north. 

This  inclination  is  usually  small,  but  in  some  cases  amounts  to  from  'SiP  to  40^.  At 
the  time  of  the  September  storm,  2,833  feet  of  gabionnade  had  been  constructed,  and 
throughout  this  entire  length  the  gabions  settlSl  during  the  storm  about  4  feet,  leav- 
ing the  top  of  the  gabionnade  but  little  above  the  general  surface  of  the  bottom;  a 
trench  having  been  excavated  close  along  the  south  side  of  the  gabionnade  which 
allowed  the  settling  to  take  place,  there  having  been  no  mats  underneath  to  prevent 
it.    By  a  recent  reconnaissance  of  the  gabionnade,  it  seems  that  this  trench  still  exists. 

Asicle  from  the  trench,  which  reached  a  depth  of  12^  feet  close  to  the  gabionnade, 
sloping  up  to  the  normal  depth  at  a  distance  of  about  400  feet,  no  scour  has  occurred, 
but  on  the  contrary  a  slight  accumulation  has  taken  place  for  a  distance  of  100  feet  on 
either  side  of  the  hue. 

The  injury  done  to  the  gabions  during  the  storm  was  very  slight,  consisting  mainly 
of  the  breaking  of  a  few  tops.  The  fact  that  the  tops  of  the  first  live  gabions  from  shore 
were  all  carried  away  seems  significant,  suggesting  some  modification  of  the  form  of 
the  gabion  which  will  better  secure  it  DTom  injury  when  placed  in  shoal  water  where 
it  may  be  exposed  to  the  whole  force  of  the  waves. 

The  following  table  shows  the  progress  in  construction  made  each  month  since  the 
gabionnade  was  commenced : 


Month  of— 

Length. 

Gabions. 

Total  length. 

Bemarks. 

tTmio     ..... 

1877. 

Feet. 
170 
614 

1,813 
236 
406 
730 

Number, 

14 

51 

165 

....do 

Feet 
170 
784 
2,597 
2,838 
8,239 
3,960 

July 

Seotember 

October 

2^ovf)inlwr  ......  ...     .  ........T...T.n 

....do 

Approximftte. 

The  total  length  of  the  gabionnade  is  given  as  approximate,  for  it  was  not  practica- 
ble when  the  location  was  made  to  locate  the  extreme  outer  end,  but  a  pomt  three 
gabion  lengths  from  the  outer  end  was  located  and  the  length  of  the  three  gabions,  es- 
timated at  36  feet,  was  added  to  give  the  pQsition  of  the  outer  end. 

In  my  last  annual  report  the  length  of  gabionnade  constructed  was  given  at  172 
feet,  whereas  in  the  above  table  it  is  given  at  170  feet.  The  error  was  made  last  year  by 
assuming  the  length  of  each  gabion  to  be  12  feet  and  adding  to  the  length  thus  deter- 
mined the  aggregate  of  the  spaces  between  them  measured  before  the  gabions  had 
settled. 

When  the  location  was  actually  made  and  a  discrepancy  discovered,  a  careful  meas- 
urement of  a  number  of  gabions,  selected  at  random,  gave  an  average  length  on  top  of 
11.73  feet. 

All  gabions  put  down  to  August  31,  inclusive,  have  been  carefully  located,  and 
tracings  of  plots  forwarded.  Those  put  down  in  September  were  so  much  settled  by 
the  storm  that  it  was  not  practicable  to  determine  their  inclinations  accurately,  and 
the  attempt,  therefore,  was  abandoned.  The  location  of  those  put  down  in  October 
and  November  was  not  completed  when  work  was  suspended,  and  hence  no  tracing 
has  been  forwarded. 

It  was  very  much  desired  to  make  another  survey  of  the  outer  bar  and  vicinity  of 
Bolivar  gabionnade  before  the  30th  of  June,  but  on  account  of  the  lat«  resumption  of 
work  and  the  delay  in  getting  the  steam-launch  in  running  order  it  was  impossible 
to  do  so. 

TIDB  AND  WIND. 

The  records  of  the  tide  and  wind  have  been  kept  by  means  of  self-recording  gauge 
and  anemometer,  and  the  curves  are  plotted  on  the  accompanying  chart. 
.  The  following  table  shows  the  mean  low-tide  for  each  nodical  period  as  compared 
with  the  plane  of  established  mean  low ;  -f  indicating  above,  and  —  indicating  below 
that  plane : 


Number  of  period. 

^iSfolr'  i                 ItJumber of  period. 

Mean  low 
in  feet. 

1 

il 
4-  .17       8 

-  .07 

2.            

J.  .12  II    9      

—  .47 

3    

-  .02      10 

—  .25 

4 

+  .08   i  11 

+  .28 

5    

-j.  ,S2  1'  12     

-  .09 

6 

4-  .08  (1  13 

t1^ 

7           

—  .34  I'  13|            

il 
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The  plane  of  mean  low-tide  for  the  year  is  -rj^j  feet  above  the  plane  of  mean  low-tide 
■  '    -  -     '      '      -  -  '  a,  inl&72       


The  highest  tide  occurred  September  17^  and  was  ^^  feet  above  mean  low.    The 

west  tide  occurred  December  30,  and  was  3^^  feet  below  mean  low,  giving  8^  feet 

as  the  range  for  the  year.     The  anemometer  records  the  direction  of  the  wind  at  the 


beginning  of  each  hour  and  the  mean  velocity  for  the  preceding  hour.  The  wind- 
curve,  therefore,  does  not  show  the  greatest  velocity  that  the  wind  may  havjB  attained 
at  any  time,  but  the  mean  velocity  for  the  hour  preceding  the  ordinate  at  the  even 
hour. 

The  greatest  hourly  velocity  shown  on  the  chart  is  49i  miles.  From  the  16th  to  the 
18th  of  September,  the  anemometer  being  out  of  order,  the  record  was  obtained  from  the 
signal-observer  at  Galveston. 

This  curve  shows  the  actual  velocity  at  times  of  observation,  and  not  the  mean 
hourly  velocity,  as  elsewhere.  The  greatest  velocity  attained  at  that  time  was  60 
miles  per  hour,  on  the  17th. 

Very  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 
Assistant  Etigineer, 


REPORT  OF  MR.  H.  C.  RIPI-EY,  ASSISTANT  ENGINEER,  ON  SURVEY  MADE  IN  JUNE,  1878 

In  accordance  with  instructions  contained  in  your  letter  dated  New  Orleans,  La.. 
May  28,  1878,  I  chartered  a  sail-boat  and  proceeded  to  make  surveys  of  the  inner  and 
outer  bars,  but  was  unable  to  do  more  than  complete  the  inner-bar  survey  up  to  the 
time  of  resumption  of  work  on  the  13th.  Since  then  the  delay  in  getting  the  steam- 
launch  in  running  order,  and  unfavorable  weather  has  rendered  it  impossible  to  do 
anything  further.  I  transmit  herewith  a  tracing  of  the  inner-bar  survey,  from  which 
it  will  be  seen  that  a  verj"-  favorable  change  has  taken  place  in  the  channel  across  the 
bar  since  the  last  survey  (October,  1877).  There  is  now  a  practicable  channel  across 
the  bar  of  20^  feet,  with  a  least  width  between  the  20-foot  curves  of  200  feet.  From 
the  inner  end  of  the  gabionnade  to  Bolivar  Channel,  across  the  bar,  there  is  a  prac- 
ticable channel  of  22^  feet  with  a  least  width  between  the  20-foot  curves  of  500  feet. 
The  shoaling  just  inside  of  the  gabionnjule  is  doubtless  caused  by  the  cross-ciurent 
from  the  old  Swash  Channel  around  the  end  and  through  the  breakjs  in  the  pile-break- 
water. Nevertheless,  there  is  a  channel-width  of  500  leet  between  the  18-foot  curs'ea, 
which  is  a  gain  in  width  since  October  of  320  feet. 

On  the  bar  proper  the  18-foot  curves  have  receded  on  the  west  side  1,500  feet  and  on 
the  east  side  600  feet,  leaving  an  opening  between  them  of  4,000. 

Between  the  20-foot  curves  the  width  is  1,900  feet.  Along  the  channel  face  of  the 
gabionnade  the  18-foot  curve  has  straightened  and  approached  the  gabionnade ;  the  13- 
foot  curve  has  straightened  and  moved  across  the  older  portion  of  the  gabionnade  to 
the  chaunel  side  and  140  feet  beyond. 

The  6-foot  curve  has  also  crossed  beyond  the  channel-face  of  the  gabionnade,  having 
moved  to  the  westward  a  distance  of  1,140  feet. 

A  2-foot  shoal  has  formed  on  top  and  back  of  this  portion  of  the  gabionnade,  where 
a  similar  shoal,  though  smaller,  existed  in  June,  1877. 

Along  the  newer  portion  of  the  gabionnade  a  deep  trench  still  remains,  but  it  does 
not  extend  so  far  south,  but  has  increased  its  depth  and  width.  East  of  this  for  some 
2,000  feet  the  18-foot  curve  has  remained  constant,  the  12-foot  curve  has  moved  a  little 
to  the  north,  and  the  6-foot  curve  has  moved  about  600  feet  to  the  north.  West  of  the 
channel  on  the  bar,  the  12-foot  curve  has  moved  west  400  feet  and  the  6-foot  curve 
about  200  feet.  The  old  Swash  Channel  has  not  materially  changed,  except  at  its 
head,  where  it  has  much  narrowed. 

Very  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 
Assistant  Engineer,- 

The  results  here  reported  appear  sufficiently  satisfactory,  and  may- 
even  lead  one  less  sanguine  than  myself  to  confidently  look  for  results 
on  the  outer  bar  equally  as  gratifying  as  those  obtained  and  maintained 
over  the  inner  bar. 

At  this  port  during  the  year  from  June  30, 1877,  to  June  30, 1878,  there  was  collected 
$77,869.23,  and  of  this  amount  the  duties  on  merchandise  received  in  bond  amounted 
to  $2,085.75. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


APPENDIX  J,  607 

Entrances  and  cUaranoes  from  June  30,  1877,  to  June  30,  1878. 


VesselB. 

Entrances. 

Clearances. 

No. 

Tona. 

Xo. 

Tons. 

American  (coast) 

199 
87 
98 

198,652 
11,890 
60,695 

291 
40 
95 

271,264 

American  (foreign) 

18,197 

Foreign    « 

64,094 

Total 

320 

266,237 

426 

353,556 

Value  of  exports  shipped  to  foreign  countries  during  the  year  ending  December  31 , 
1877,  $13,339,855. 

The  work  is  located  in  the  collection-district  of  Galveston,  near  the  light-house  on 
Boliver  Peninsula : 

Original  estimate Jl,  259, 446  43 

Whole  amount  appropriated ■-....  477,000  00 

Whole  amount  expended 357,662  72 

Money  statement 

July  1,  1877,  amount  available $36,052  60 

Amount  appropriated  by  act  approved  June  18,  1878 50,000  00 

Amount  appi*opriated  by  act  approved  June  7, 1878 75, 000  00 

$161,052  60 

Julv  1,  1878,  amount  expended  during  Ascal  year 37, 089 .  60 

July  1,  1878,  outstanding  liabiUties 4,625  72 

41,715  32 

July  1,1878,  amount  available 119,337  28 

Amount  (estimated)  required  for  completion  of  existing  project 82, 740  00 

Amount  that  can  be  profatably  expended  in  fiscal  year  ending  June  30, 1880* .     150, 000  00 


J  3. 

IMPROVEMENT  OF  SHIP  CHANNEL  IN  GALVESTON  BAY,  TEXAS,  BETWEEN 
BOLIVER  CHANNEL  AND  RED  FISH  BAR. 

For  reasons  fully  set  forth  in  the  report  of  the  Chief  of  Engineers  for 
1877,  pp.  455  to  458,  this  work  was  held  to  await  further  action  of  Con- 
gress, and  no  expenditure  was  maile  from  tlie  appropriation  of  1876. 

Under  the  combined  appropriations  of  1876  and  1878,  and  in  accord- 
ance with  tiie  act  of  Congress  cite<l  above,  it  is  proposed  during  the 
present  year  to,  as  nearly  as  possible,  complete  by  contract  a  channel 
12  feet  deep  at  mean  low-tide  and  100  feet  wide  at  bottom,  in  a  direct 
line  from  the  head  of  Boliver  Channel  to  the  United  States  cut  through 
Bed  Fish  Bar.  The  width  of  100  feet  is  selected,  because  the  estimate 
of  Mr.  H.  C.  Ripley,  assistant  engineer,  shows  that  the  amounts  now 
available  for  this  work  will  complete  such  channel,  while  it  would  not 
complete  a  channel  150  feet  wide.  The  100-foot  channel  will,  in  a  measure, 
answer  the  requirements  of  commerce  until  means  may  be  provided  for 
making  one  of  a  greater  and  more  desirable  width. 

*  The  amount  required  for  next  fiscal  year  in  excess  of  balance  remaining  aftt»r  deduct- 
ing total  amount  appropriated  from  amount  estimated  for  completion  of  existing 
project  is  necessary  to  cover  loss  to  the  work  sustained  by  frequent  suspensions,  due 
to  inadequate  appropriations. 
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This  will  yet  leave  the  channel  through  the  upper  bay  to  be  provided 
for  and  it«  location  determined  by  Congress. 

The  work  is  located  in  the  collection-district  of  Galveston,  near  the  liglit-liouse  on 
Red  Fish  Bar. 

Whole  amount  appropriated $172,  000  00 

Whole  amount  expended 25,  000  00 

Original  estimated  cost : 

10-foot  channel,  150  feet  wide 283,479  00 

12-foot  channel,  150  feet  wide 651,5(52  20 

15-foot  channel,  150  feet  wide 1,260,062  10 

Revised  estimates : 

•Ripley,  12-foot  channel,  100  feet  wide 160,994  92 

tHayward  12-foot  channel,  100  feet  wide 285,  331  50 

446,  326  42 

Money  statement 

Julyl,  1877,  amount  availahle $72,000  00 

Amount  appropriated  by  act  approved  June  18, 1878 75,  000  00 

$147,  000  00 

Julyl,  1878,  amount  availahle 147,000  00 

Amount  (estimated)  required  for  completion  of  existing  project,  12  feet 

deep,  100  feet  wide 446,  326  42 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .    200,  000  00 


REPORT    OF    BOARD     OF    ENGINEERS    ON    PROPOSED     SHIP-CHANNEL 
THROUaH  LOWER  GALVESTON  BAY. 

ARMT  BiTILDINa, 

New  TorJc,  September  10, 1877. 

General  :  The  Board  of  Engineers  appointed  by  Special  Order  Ko. 
9,  dated  Headquarters  Corps  of  Engineers,  Washington,  D.  C,  January 
25, 1874,  and  re-convened  by  Special  Order  No.  95,  dated  Headquarters 
Corps  of  Engineers,  Washington,  D.  C,  August  14, 1877,  for  the  purpose  of 
considering  the  question  of  location  of  a  proposed  ship-channel  through 
Lower  Galveston  Bay,  and  its  bearing  upon  the  projected  improvement 
in  Galveston  Harbor,  has  the  honor  of  reporting  as  follows : 

The  Board  met  on  the  Ist  instant,  as  specified  in  the  order,  and  from 
day  to  day  studied  the  data  presented,  arri\i[iig  at  the  following  con- 
clusions covering  the  two  points  submitted  for  theu*  consideration : 

A  line  from  ^dd  Fish  Bar  to  the  head  of  Bolivar  Channel  would,  in 
the  opinion  of  the  Board,  be  a  more  advantageous  location  for  the  pro- 
posed channel  than  the  line  from  Bed  Fish  Bar  passing  west  of  Half- 
Moon  Shoal  and  terminating  at  the  inner  end  of  Galveston  Channel. 

The  first  named  would  be  shorter,  with  fewer  necessary  curves  (if  any) 
in  its  course ;  would  require  a  much  smaller  amount  of  dredging  in  its 
first  construction,  and  could  afterward  be  maintained  at  less  cost. 

The  Board  are  aware  of  the  advantages  to  navigation  by  giving  a 
course  to  the  channel  straight  from  its  commencement  at  the  head  of 
Bolivar  Channel  to  its  termination  at  Red  Fish  Bar.  An  uncertainty, 
however,  which  could  be  removed  by  a  few  observations,  now  exists 
whether  tiie  channel  might  not  be  better  maintained  by  giving  it  a  slight 
departure  from  a  perfectly  straight  course.  Furthermore,  it  is  the  opin- 
ion of  the  Board  that  the  harbor  of  Galveston,  as  well  as  the  works 

*Lower  Bay.  tUpper  Bay  to  Morgau's  Cut. 
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projected  for  its  improvement,  will  not  be  injuriously  affected  by  the 
ship-channel  proposed  from  the  head  of  Bolivar  Channel  to  Red  Fish 
Bar. 

A  proposed  location  west  of  Half-Moon  Shoal,  aside  from  considera- 
tion of  much  greater  cost,  would  interfere  with  the  original  project  for 
harbor  improvement,  inasmuch  as  it  would  cross  the  line  along  which  it 
was  proposed  to  close  in  the  harbor,  leaving  open  only  its  entrance  from 
Bolivar  Channel  and  through  West  Bay.  This  closure  has  not  yet  been 
decided  upon,  but  may  be  considered  desirable  at  some  time  in  the  future. 
Further,  if  the  channel  be  made  on  this  line,  it  will  be  a  roundabout 
route  for  vessels  bound  direct  from  the  Gulf  to  Buffalo  Bayou  and  the 
San  Jacinto  River,  while  at  the  same  time  it  would  possess  no  special* 
advantages  to  vessels  leaving  Galveston  for  these  rivers  over  the  line 
proposed  from  the  head  of  Bolivar  Cliannel.  It  is  also  the  oi)inion  of 
the  Board  that  the  poition  of  such  channel  from  the  head  of  Galveston 
Harbor  to  a  point  opposite  the  west  end  of  l*elican  Island  would  be 
more  difiicult  of  maintenance  than  auy  portion  of  the  other  channel. 
Respectfully  submitted. 

Z.  B.  Tower, 
Colonel  of  Engineers^  Bvt,  Major- Oeney-al. 

H.  G.  Wright, 
Ideut  CoL  of  Engineers  J  Bvt  Major- General. 

John  Newton, 
Lieut  Col  of  Engineers^  Bvt  Major-OeneraL 

C.  W.  Howell, 


Brig.  Gen.  A.  A.  Hu]MPHREYs, 

Chief  of  Engineers  U.  S.  A, 


Captain  of  Engineers. 


J  4. 

IMPROVEMENT  OF  SABINE  PASS,  TEXAS. 

As  stated  in  my  last  annual  report,  proposals  for  this  work,  by  con- 
tract, were  invited  July  16,  1877.  The  bids  were  opened  August  20, 
1877,  and  as  it  was  estimated  that  the  lowest  resi)onsible  bid  received 
would  not  complete  a  channel  of  the  specified  depth  of  12  feet,  all  bids 
were  rejected. 

The  United  States  dredge-lK)at«  formerly  employed  at  the  mouth  of 
the  Mississippi  Biver  being  itUe,  it  wa«  decided  to  detail  one  of  them, 
the  Essayons,  to  do  the  work,  her  i-ecord  at  the  mouth  of  the  Mississippi 
making  it  appear  probable  that  she  would  be  able  to  excavate  a  channel 
of  20  feet  in  depth  through  Sabine  Pass  Bar  at  less  cost  than  the  lowest 
responsible  bidder  proposed  to  excavate  a  12-foot  channel. .  This  decision 
was  approved  by  the  Chief  of  Engineers,  and  the  Essayons  sent  to 
Sabine  Pass  [November  22,  1877. 

The  Essayon^^  after  about  half  completing  a  channel  through  the  bar 
ranging  from  12  to  15  feet  in  dei)th,  became  disabled  by  the  unexpected 
failure  of  her  boilers.  To  avoid  delay  it  was  concluded  to  dispatch  her 
mate,  the  McAlesier^  to  relieve  tlie  Essayons.  The  McAlester  was  lost 
on  her  voyage  to  Sabine  Pass,  which  made  it  necessary  to  repair  the 
Essayons  for  continuance  of  the  work. 

Contract  was  therefore  made  for  supplying  the  Essayons  with  new 
boiler-tubes.  After  considei-able  delay,  the  tubes  with  which  the  con- 
39  £ 
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tractor  proposed  to  do  the  work  were  received,  and  found  to  be  totally 
unfit  for  the  purpose.  Much  vahiable  time  was  lost  in  endeavoring  to 
procure  suitable  tul)es  in  this  country,  when  it  was  found  that  they  were 
not  to  be  had  short  of  Scotland.  They  were  therefore  ordered  fix)ni  that 
country,  with  the  understanding  that  they  would  be  delivered  about 
May  15, 1878.  They  were  not,  however,  delivered  until  July  13,  1878. 
After  repairing  the  Ussayons,  enough  money  from  the  last  approi)riation 
will  probably  be  left  for  about  two  months'  work. 

No  material  change  in  the  channel  excavated  by  the  Esaayons  has  been 
observed,  which  woidd  seem  to  warrant  the  belief  that  a  channel  once 
excavat-ed  througli  the  bar  will  be  comparatively  permanent,  except,  per- 
haps, at  the  sea  end  of  the  channel,  where  slight  shoaling  may  probably 
be  expected. 

Upon  recommendation,  approved  by  the  Chief  of  Engineers,  the 
JEssayons.  and  other  propeily  belonging  to  the  work  for  "  improving  the 
mouth  of  the  Mississippi  River,''  were  transferred  to  tliat  tor  improving 
Sabine  Pass. 

During  the  next  fiscal  year  it  is  proposed  to  continue  the  work  by 
dredging  with  the  Ussayons  and  purchase  of  supplies  in  open  market. 

The  work  is  located  in  the  collection-district  of  Galveston,  near  the  light-house  at 
the  entrance  to  Sabine  Pass. 

Whole  amount  appropriated $88,000  00 

Whole  amount  expended 45,147  80 

Amount  appropriated  since  adoption  of  present  project 30, 000  00 

Amount  expended,  same 35, 040  34 

ORIGINAL  ESTIMATES. 

For  a  12-foot  channel $105,026  00 

For  a  15-foot  channel 176,071  00 

For  a  20-foot  channel .". 390,317  00 

Money  statement 

July  1,  1877,  amount  available $50,489  42 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

$80,489  42 

July  1,  1878,  amount  expended  during  fiscal  year 35, 252  02 

July  1,  1878,  outstanding  liabilities .' 2, 385  20 

37,637  22 

July  1,  1878,  amount  available 42,852  20 

Amount  (estimated)  required  for  completion  of  existing  project  (20-foot 

channel) 302,317  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     100, 000  00 


J  5. 

IMPROVEMENT  OF  THE  NARROWS  ABOVE  ORANGE,  ON  THE  SABINE 
RIVER,  TEXAS,  AND  DEEPENING  THE  CHANNEL  AT  THE  MOUTH  OF 
SAID  RIVER. 

Project  -for  expenditure  of  the  $10,000  avai]al)le  for  this  work  has 
been  submitted  to  the  Chief  of  Ii2ng1noers  for  approval. 

The  project  contemplates  dred^ng,  by  contrac>t,  a  channel  5  feet  deep 
at  mean  low  tide  and  100  feet  wide  (or  so  much  thereof  as  appropriation 
available  will  permit)  across  the  bar  of  the  "Middle  Pass"  of  the  river 
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to  that  depth  in  Sabiue  Lake,  leaving  the  improvement  of  the  "  IS'arrows  ^ 
until  Congress  may  further  provide  for  that  work. 

The  amount  now  available  is  $3,033  less  than  was  estimated  would  be 
required  to  excavate  the  channel,  above  specified,  not  to  speak  of  the 
"Narrows,"  for  which  work  alone  it  was  estimated  $18,000  would  be 
required. 

The  work  is  not  susceptible  of  permanent  completion. 

The  work  is  located  in  the  collection-district  of  Galveston.  The  nearest  light-house 
is  at  Sabine  Fjish. 

Whole  amount  appropriated $10, 000  00 

ORIGINAL  ESTIMATE. 

Work  at  mouth  (page541,  Report  1871) $38,000  00 

Removing  snags,  &c.  (page 680,  Report  1873) 18,000  00 

M(yney  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $10, 000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  ^>roject 21, 0X3  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1880.     21, 033  00 


J  6. 

DEEPENING  THE   CHANNEL  AT    THE   MOUTH   OF   THE   NECHES   RIVER, 
TEXAS,  AND  REMOVING  OBSTRUCTIONS  TO  BEAUMONT. 

Project  for  expenditure  of  money  appropriated  for  this  work  has  been 
snbinitted  to  tlie  Chief  of  Engineers. 

As  improvement  of  the  river  between  its  mouth  and  Beaumont  is  called 
for  in  the  appropriation  act,  jointly  with  improvement  of  channel  across 
the  bar  in  Sabine  Lake,  reference  is  made  to  the  report  of  latest  survey  of 
the  river  (see  liepoit  of  Chief  of  Engineers,  1874,  pp.  74V754),  where  it 
will  be  found  state<l  that  this  portion  of  the  river  was  then  in  good  navi- 
gable condition,  and  did  not  require  improvement. 

In  view  of  this  it  is  proposed  to  expend  the  api)ropriation  in  making 
a  channel  tlu*ough  the  bar  at  the  numth  (in  Sabine  Lake),  to  have  a 
depth  of  5  feet  at  mean  low  tide,  and  a  width  of  40  feet,  or  in  nmking  so 
much  of  said  channel  as  the  appropriation  of  $8,0()0  will  i)ennit. 

Tlie  work  to  be  offered  at  contract,  and  conjointly  with  that  at  the 
mouth  of  the  Sabine  lliver. 

It  would  be  desirable  now  to  contract  for  a  channel  100  feet  wide 
instead  of  only  40  feet,  if  the  appropriation  wavS  not  deemed  insufficient, 
perhaps,  for  even  completing  the  latter.  The  latter,  by  confining  work, 
if  necessary,  to  the  shoaler  portions  of  the  bar,  wiU  c)e  of  benefit  to  com- 
merce. 

A  re-examination  of  this  bar,  a«  well  as  of  that  at  the  mouth  of  the  Sa- 
bine Kiver,  will  be  made,  before  advertising  the  work,  in  order  to  ascer- 
tain what  change,  if  any,  has  taken  place  since  date  of  last  siu^  eys. 

The  work  is  not  suscc^ptible  of  i)ermanent  improvement. 

No  commercial  statistics- 

• 

Tlio  work  i8  located  in  the  collection-rtistrict  of  Galveston. 
The  nean'Mt  light-house  is  at  Sabine  Pass. 

Wliole  amount  appropriated $8,000  00 

Original  estimate:  Work  at  mouth  (part  1,  page  743,  Annual  Report  of  the 

Chief  of  Engineers,  1874) 26,318  05 
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Money  statement 

Amoniit  appropriated  by  act  approved  June  18,  1878 $8, 000  00 

July  1,  1878,  amount  available 8,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 18^  318  05 

Amount  that  can  be  profitably  expended  in  fiBcal  yeur  ending  June  30, 1880.  18, 318  05 


J  7. 

DEEPENING  THE  CHANNEL  AT  THE  MOUTH  OF  TRINITY  RIVER,  TEXAs' 
AND  REMOVING  OBSTRUCTIONS  TO  LIBERTY. 


Project  for  expenditxire  of  the  $10,000  available  for  this  work  has  been 
submitted  to  the  Chief  of  Engineers  with  recommendation  that  the  work 
be  advertised  to  be  done  by  contract. 

If  the  small  appropriation  will  admit,  it  is  proposed  to  dredge  a  chan- 
nel 5  feet  deep  and  100  feet  wide  across  the  bar  obstructing  the  entrance 
to  the  river. 

The  original  plan  for  improvement  of  channel  across  the  bar  at  the 
mouth  of  this  river  contemplated  excavating  a  channel  6  feet  deep  and 
80  feet  wide  across  the  bar  obstructing  the  mouth  of  the  river,  the  cut 
to  be  protected  by  a  pile  breakwater.    The  estimated  cost  was  $40,000. 

The  estimate  for  dredging  alone  was  $11,907,  or  $1,907  more  than  is 
now  available  for  the  work,  coupled  with  clearing  the  river  up  to  Liberty. 

If  it  be  found  that  the  amount  appropriated  be  not  sufficient  to  exca- 
vate the  channel  to  the  full  width  proposed,  a  lesser  width  will  be  adopted, 
so  that  the  work  may  be  made  to  partly  relieve  the  commerce  of  the 
river;  the  attainment  of  a  more  desii'able  width  and  the  protection  of 
the  channel  by  means  of  pile-breakwater,  being  left  to  future  appTOpri- 
ations. 

The  improvement  of  the  river  from  its  mouth  to  Liberty  must  also  be 
left  in  the  same  way. 

Before  advertising  a  re-examination  will  be  made,  as  at  the  mouths  of 
the  Neches  and  Sabine. 

It  is  proposed  to  advertise  these  three  works  together,  in  order  to  at- 
tract bidders,  all  of  whom  must  bring  their  dredges,  scows,  and  tugs 
from  a  distance  at  an  expense  which  no  one  work  alone  would  justify, 
except  at  a  comparatively  enormous  price  per  cubic  yard  for  material 
excavated. 

Approi)riations  for  the  three  works  added  together  foot  up  $28,000. 
The  works  are  not  far  apart,  and  it  is  thought  that  one  good  dredge 
should  comi)lete  the  three,  so  far  as  appropriation  will  permit,  in  about 
12  months  from  time  of  commencement. 

While  the  three  works  will  be  advertised  together,  and  contract  made 
with  the  lowest  responsible  bidder  for  all,  the  appi-opriation  for  each  will 
be  kept  separate  and  only  applied  to  the  spec>ilic  work  for  which  made. 

The  work  is  not  susceptible  of  permanent  completion. 

Tht*  work  iH  locat^^d  in  the  collect ion-diHtrict  of  Galveeton. 
NcarcHt  light-liouHc,  Red  Fish  Bar,  Galveston  Harbor. 
No  commercial  statistics  on  file  since  1873. 
Wliole  anibiint  appropriated,  ^U),000. 

OKIGIXAL  ESTIMATE. 

Work  at  month  (page  5.37,  Report  1871) ....     $40,000  00 

Kemoving  snags,  &c.  (page  685,  Keport  1873) 6, 000  00 
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Money  statement. 

Amount  appropriated  by  act  approved  June  18,  1878 |10, 000  00 

July  1,  1878,  amount  available 10,000  00 

Amount  (estimated)  re(piircd  for  completion  of  existing  project 7, 967  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  7, 967  00 


J  8, 

IMPROVEMENT  OF  PASS  CAVALLO,  INLET  INTO  MATAGORDA  BAY,  TEXAS. 

As  the  appropriation  of  $20,000,  made  by  the  river  and  harbor  act  of 
Aii^ist  14, 1870,  was  too  small  for  commencement  of  operations  without 
risk  of  great  loss,  to  which  an  unfinished  structure  in  the  exposed  locality 
of  this  work  would  have  been  subjected,  it  was  recommended  by  the 
Chief  of  Engineers  that  the  expenditure  of  the  ai)prox)riation  be  sus- 
pended to  await  ftiture  action  of  Congress.  This  recommendation  was 
approved  by  the  Hon.  Secretary  of  War.  No  work,  therefore,  was  per- 
forme<l  during  the  past  fiscal  year. 

Ol)erations  during  the  present  fiscal  year  will  depend  upon  the  changes 
reported  to  have  occurred  in  the  Pass  since  the  last  survey. 

Authority  has  been  asked  from  the  Chief  of  Engineers  to  have  an 
examination  made  of  the  Pass  to  ascertain  the  nature  of  the  changes, 
that  a  project  for  the  judicious  expenditure  of  the  money  now  available 
may  be  submitted. 

The  work  is  located  in  the  coUection-district  of  Indianola,  Tex.,  and  near  Matagorda 
light-house. 

Whole  amount  appropriated $45,000  00 

Original  estimate 715,325  00 

Money  statement 

July  1,  1877,  amount  available $20,000  00 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$45, 000  00 

July  1,  1878,  amount  available 45,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 670, 325  00 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .  150, 000  00 


J  9. 

REMOVING  OBSTRUCTIONS  IN  BAYOU  LAFOURCHE,  LOUISIANA. 

The  act  of  Confess  approved  June  18,  1878,  ai)propriated  $10,000  for 
this  work,  which  it  is  proi)08ed  to  apply  to  the  removal  of  atumps  and 
snags  between  Thibodeaux\ille  and  Parr's  Canal,  as  recommended  in  my 
report  of  surv€»y  of  the  Bayou  in  1874. 

Wliole  amount  appropriated $10, 000  00 

Original  estimate  for  removal  of  snags,  &c.,  page  770,  Report  1874 10, 000  00 

Money  statement 

Amonnt  appropriated  by  act  approved  Jnne  18,  1878 |ilO,  000  00 

July  1,  1878,  amount  available 10,000  00 
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J  10. 

IMPROVEMENT  OF  THE  HARBOR  AT  NEW  ORLEANS,  LOUISIANA. 

During  the  present  fiscal  year  it  is  proposed  to  expend  the  amount 
available  in  conducting  the  work  by  hire<l  labor  and  purchase  of  mate- 
rial in  open  market,  and  in  the  manner  recommended  in  report  of  the 
Commission  of  Engineers  recently  convened  for  the  purpose  of  perfect- 
ing a  plan  for  protection  of  the  city  front  and  submitting  estimates  for 
the  same,  of  which  the  following  is  a  copy : 

REPORT  OF  COMMISSION  OF  ENGINEERS. 

New  Orleans,  La.,  April  8,  1878. 

Sir:  The  Board  of  Engineers  convened  at  the  request  of  the  city  icouucil  "to  exam- 
ine and  report  upon  the  means  necessary  to  protect  the  wharves  and  harbor  from  the 
incursions  of  the  river,"  beg  to  submit  the  foUowing : 

Referring  to  your  letter  of  November  17, 1877,  the  engineering  information  requested 
of  the  Board  was  as  follows : 

First.  A  thorough  and  complete  survey  of  the  river  and  its  banks  from  the  upper  to 
the  lower  limit  of  the  city,  giving  cross-sections  of  the  stream  every  half  mile,  and 
the  direction  of  the  current. 

Second.  A  i)lan  for  the  temporary  preservation  of  the  banks  and  wharves  from  de- 
struction, to  apply  only  to  the  most  exposed  ^)oints,  and  adapted  to  the  present  resour- 
ces of  the  city,  which  are  limited,  accomimnied  by  estimates. 

Third.  A  more  general  and  comprehensive  plan,  embracing  the  river  front  of  the 
second  and  third  districts,  as  a  permanent  work,  with  estimates,  so  as  to  be  commenced 
and  carried  on  gradually  as  the  future  prosperity  of  the  city  may  admit. 

At  a  former  session  of  the  Board,  held  in  November  last,  a  preliminary'  report  was 
rendered  your  honor  respecting  the  condition  of  aifairs  along  the  city  front.  In  this 
the  means  necessary  to  be  taken  to  preserve  the  most  exposed  points  (which  were  at 
the  foot  of  Saraparu  street  and  at  the  foot  of  Montegut  street)  were  presented,  and  the 
executi<m  of  the  plans  was  intrusted  to  and  carried  out  under  the  direction  of  the  city 
surveyor.  A  general  plan  also  was  outlined,  which  was  to  embrace  the  entire  city 
front,  from  CarroUton  to  a  point  below  the  United  States  Barracks,  or  so  much  of  it  at 
least  as  needed  pemianent  protection.  The  Board  were  unprepared  at  that  time  to 
decide  ui)on  all  the  details  to  be  ol)ser\'ed  in  this  permanent  plan  of  protection,  owing 
to  the  lack  of  the  necessary  information  respecting  the  condititm  of  the  caving  banks, 
their  extent,  their  composition,  slope,  de]»tli  of  water,  &c.,  all  of  which  could  only 
be  furnishe<l  by  an  exhaustive  and  extensive  survey  such  tis  called  for  by  your  letter. 

This  survey  was  undertaken  under  the  ])er8onal  supervision  of  the  local  members  of 
the  Board,  with  aid  furnished  by  the  government  and  by  the  city,  and  was  carried  to 
a  successful  termination.  It  is  complete  and  thorough  in  all  the  details  necessary  for 
a  proi)er  study  of  the  problem  submitted  to  the  Board.  It  extended  from  a  ])oint 
above  CaiTollton  to  a  point  below  the  barracks,  embracing  also  the  right  bank  of  the 
river,  and  was  made  in  tliree  sections.  Section  first  started  from  a  point  some  3,300 
feet  above  the  Metairie  n)ad,  at  the  upper  end  of  a  plank  revetment  where  there  is  a 
wide  batture,  and  followed  the  left  bank  to  the  Orleans  Park,  where  there  is  also  a 
wude  batture,  a  total  distance  of  22,243  feet.  At  intervals  of  100  feet  lines  of  sound- 
ings were*  made  extending  out  from  300  to  400  feet,  and  where  there  were  caving  banks 
intermediate  lines  were  sounded.  Thirty-four  sections  were  also  sounded  across  the 
river  in  this  stretch,  and  from  100  to  120  soundings  were  located  on  each  section. 
Thirty  of  these  cross-sections  were  nearly  at  the  same  x^oints  as  those  made  in  the  sur- 
vey of  1851  by  Captain  (now  General)  Humi)hreys.  From  the  Orleans  Park  to  Cauiil 
street,  there  being  no  caving  of  the  left  bank,  no  survey  of  that  line  was  made.  Sec- 
tion second  commenced  at  Canal  street,  and  the  shore-line  was  run  from  that  point  to 
the  slaughter-houses,  a  distance  of  21,800  feet.  On  this  stretch  soundings  were  made 
at  each  100  feet,  as  before,  extending  out  into  the  river  from  300  to  400  feet.  Twenty 
cross-sections  were  also  sounded  at  nearly  ecjual  intervals,  but  (mly  about  80  soundings 
were  located  on  each  one.  Section  third  included  the  right  bank  of  the  river,  and 
conuneuced  at  a  jmint  3,450  feet  above  the  lock  at  Westwego,  and  extended  down  to 
the  ])oint  at  Algiers,  and  is  some  47,000  feet  in  length.  Soundings  were  made  at  inter- 
vals as  in  the  surveys  of  the  other  sections,  and  19  cross-sections  were  sounded  across 
the  river  between  the  lower  end  of  the  CarroUton  section  and  Canal  street,  thus  tilling 
that  interval. 

Qauges  were  kept  at  CarroUton,  Canal  street,  the  mint,  and  at  the  United  States 
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Barracks;  and  all  fionndings  were  reduced  to  the  same  plane  oif  reference  as  that  of  the 
delta  survey,  and  reads  on  the  Carrollton  gauge  15'.70. 

The  condition  of  the  hanks  as  developed  hy  the  survey  is  as  follows : 

From  the  upper  end  of  the  Carrollton  Survey  to  station  186  there  is  a  wide  hatture  and 
no  caving  going  on  at  present.  From  station  186  to  station  91  (at  the  head  of  CaiToll- 
ton  avenue),  there  is  more  or  less  caving  of  the  hank  throughout  the  whole  distance. 
Between  stations  140  and  157  some  500  feet  of  the  hank  have  caved  in  since  1858,  and 
at  the  Carrollton  Hotel,  which  is  at  the  lower  end  of  the  present  cutting,  in  that  time 
some  200  feet  have  gone  in.  The  total  length  of  the  ca\'ing  in  this  section  is  9,200 
feet. 

From  station  91  down  to  station  55  there  have  hoen  ahout  200  feet  caved  in  since 
1858,  hut  there  is  little  if  any  caving  going  on  now,  except  in  two  places,  one  ahout 
300  and  the  other  about  200  feet  long.  Below  station  55  there  ijs  a  fill  at  present,  and 
a  wide  hatture. 

Below  Canal  street,  from  Morgan's  Wharf,  at  station  10  to  station  160,  a  distance  of 
15,000  foet,  the  hank  needs  more  or  less  protection.  It  has,  however,  only  been  deemed 
advisable  to  apply  protective  measures  to  the  slojie  of  the  bank  from  Morgan's  Wharf 
to  Congress  street,  a  distance  of  7,500  feet,  leaving  the  remaining  portion  of  the  city 
below  that  point  to  be  protect45d  by  a  new  levee. 

On  the  right  bank  the  space  through  which  the  caving  takes  place  extends  from 
station  49  t()  176.  iKilow  the  locks ;  and  from  station  296  to  476,  above  and  at  Algiers, 
a  total  length  of  :n,700  feet. 

Tlie  Board,  however,  does  not  deem  it  at  present  absolutely  necessary  to  apply  the 
works  of  jirotection  to  this  entire  stretch  of  bank,  but  only  to  a  jjortion  embracing 
Nine  Mile  Point. 

The  locations  of  the  different  caving  hanks  at  which  it  is  proposed  to  apply  the 
works  of  protection  can  bett-er  be  understood  by  reference  to  the  sketch  map  accom- 
panying the  report,  while  at  the  same  time  an  inspection  of  the  index  and  detailed 
ma|>s  will  give  all  the  information  res])ecting  the  depths  of  water,  sloi)e  of  bank, 
composition  of  same,  &c.,  much  more  fully  than  can  be  indicated  or  enumerated  in 
the  report. 

The  result's  of  the  survey  of  the  banks  show  that  they  are  composed  of  a  hard  blue 
mud  with  iutcrme<liate  mft  strata.  TIk^sc  soft  strata  outcrop  at  various  depths  as 
shown  on  acljacent  lines  of  soundings.  In  scmie  cases  they'  are  quite  regular ;  in  others, 
quite  irregular,  as  if  deposited  upon  a  slope. 

The  cavinga  result  from  the  saturati<m  of  these  layers  of  soft  material,  which  are 
afterward  washed  or  cut  out,  causing  the  superincumbent  mass  to  fall  or  slide  into  the 
river.  This  caving  takes  pla<.*e  mostly  uiwn  a  falling  river,  the  high  wat€»r  seeming  to 
act  by  its  pressure  in  sustaining  the  bank.  Tliese  soft  strata  occur  at  various  depths, 
from  near  the  surface  to  near  the  bottom  of  the  river,  and  the  greater  or  less  amount 
of  cave  seems  to  depend  upon  their  relative  position. 

In  order,  then,  to  retain  the  bank  in  its  natural  iK)sition  the  remedy  to  be  applied 
would  seem  to  be  some  method  by  which  the  cutting  out  of  the  defective  strata,  could 
be  prevented.  This  is  best  subserved  by  applying  to  the  bank  a  revetment  extending 
so  as  to  cover  the  whole  slope,  or  so  much  oi  it  as  is  likely  to  be  affected. 

The  banks  along  the  city  front  x)resent  conditions  not  unfavorable  to  the  successful 
application  of  a  project  such  as  was  outlined  in  our  })reliminary  rex>oi-t  of  November 
last. 

The  general  metho<l  indicated  there  was  to  cover  the  slope  of  the  hank  with  a  revet- 
ment of  brush  and  stone  in  such  sliapes  and  forms  as  best  suited  the  particular  locality 
where  it  wan  to  be  applied. 

•  While  much  more  costly  applications  of  timber  and  stone  might  subserve  the  object 
in  view,  those  of  bruah  and  stone  in  the  shape  of  matting  ai)i)lied  to  the  banks  have 
the  merit  that,  while  suitable  for  the  purpose,  they  are  comparatively  cheap,  are  dura- 
ble, are  easily  applied,  and  on  account  of  their  i)liability  can  be  well  adapted  to  the 
irregular  slo|)e8  of  the  banks  caused  by  the  caving.  At  the  same  time  the  cari)oting 
of  the  bank  m  such  a  manner  causes  no  undue  contraction  of  the  water-way  and  allows 
the  current  to  move  along  in  it  natunil  course. 

At  the  upper  section  of  the  river  at  Carrollton,  and  on  the  rijjht  bank  above  Algiers, 
where  there  are  no  wharves,  it  is  proposed,  in  accordance  with  the  above  views,  to 
cover  the  slopes  from  a  short  distance  above  low-water  to  a  distance  out  such  that  all 
defective  strata  will  l)e  i)rotected  by  a  layer  of  brush  fonned  into  rafts,  and  ballasted 
with  stone  sufficient  to  keep  them  in  position. 

Along  the  section  of  the  river  from  Morgan's  Wliarf  to  the  foot  of  Congress  street  it 
is  projiosed  t<)  form  a  bulkhead  extending  the  entire  distjince,  in  a  line  with  the  outer 
row  of  whai-f-piles,  by  driving  piles  in  pairs,  the  distance  between  the  centers  of  each 
pair  being  6  feet  and  between  the  piles  of  each  pair  3  feet.  These  piles  in  pairs  are 
f)olted  together  at  low  water  and  at  the  top.  Between  the  piles  extending  up  and 
down  stream  biiush  fiisciues  are  piled  uii  to  low-water  mark,  forming,  so  to  speak,  a 
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brush  wall.  Above  low- water  mark/ou  tbe  outside  of  the  piles,  plank  are  placed 
extending  to  high-water  mark. 

Fi'om  the  foot  of  this  row  of  piles,  extending  out  as  far  as  may  be  necessary  to  cover 
all  defective  strata,  a  layer  of  brush  and  stone  in  suitable  fonu  is  laid  upon  the  slope. 

The  object  in  not  continuing  the  revetment  clear  up  to  the  bank,  as  in  the  other  dis- 
tricts, is  that  it  has  been  found  from  experience  that  great  difficulty  and  expense  will 
attend  the  removal  of  the  great  number  of  piles  and  timber- work  now  forming  the 
wharves  and  occupying  a  portion  of  the  slope  needing  protection,  and  which  it  would 
be  necessary  to  remove  were  it  determined  to  carj)et  tiie  entire  slope,  adding  consider- 
ably to  the  expense,  and  more  than  the  circumstances  would  warrant. 

Statistics  at  the  disposal  of  the  Board  indicate  that  the  largest  interests  involved  are 
in  section  2,  from  Morgan's  Wharf  to  Congress  street.  It  therefore  seems  expedient 
that  the  proposed  measures  of  protection  should  be  first  applied  to  that  part  of  the 
shore.  Similar  reasons  indicate  that  the  work  on  the  Carrollton  section  No.  1  should 
be  next  done,  and,  finally,  that  work  above  Nine  Mile  Point  on  the  right  bank  which 
is  essential  as  a  protection  to  the  works  in  section  1  and  the  shore  below. 

The  following  are  the  estimates  for  the  protection  of  so  much  of  the  city  front  as  the 
Board  deems  absolutely  essential  at  the  jireaent  time  to  the  preservation  of  the  wharves 
and  harbor,  though  eventually  the  protection  of  the  entire  front  may  have  to  be  under- 
taken. These  estimates  being  approximations,  the  Board  has  sought  to  make  them 
sufficiently  large  to  cover  all  contingencies,  leaving  to  the  engineer  who  may  have 
charge  of  the  construction  of  the  work  a  certain  latitude  whereby  such  changes  as  may 
appear  necessary,  and  as  circumstances  call  for,  can  be  made  as  the  work  progresses. 

ESTIMATES. 

Sectian  2,  from  MorgarCs  Wharf  to  Congress  street. 

Piles  and  planking,  at  $6.33  per  running  foot $47, 475  00 

Filling  between  piles,  6,600  cords,  at  $2.50  per  cord 16, 500  00 

Brush  matting,  7,500  feet  long,  200  feet  wide  in  position,  and 

ballasted 146,025  00 

210, 000  00 

Contingencies 25,000  00 

1235,000  00 

Section  1,  at  Carrollton, 

Brush  matting,  9,200  feet  long,  200  feet  wide,  sunk  and  bal- 
lasted, at  $19.50  per  running  foot 179,400  00 

Contingencies 18, 600  00 

198, 000  00 

Section  3,  Nine  Mile  Point, 

Brush  matting,  2,000  feet  long,  200  feet  wide,  sunk  and  bal- 
lasted, at  $19.50  per  running  foot 39,000  00 

Contingencies 4,000  00 

43,000  00 

Total  estimated  cost 476,000  00 

Herewith  are  transmitted  the  drawings*  pertaining  to  the  survey,  consisting  of  4 
index  charts;  1  sketch  map,  showing  locations  of  proposed  improvements;  2  sectional 
drawings,  showing  details  of  proposed  constructions ;  43  sheets  of  drawings,  showing 
details  of  survey. 

There  are  also  transmitted  all  the  papers  alluded  to  in  our  preliminary  report,  con- 
sisting of  letters,  views,  &c.,  of  professional  and  other  j^ersons  in  regard  to  the  work. 

The  Boai'd  desire  to  express  their  acknowledgment  of  the  valuable  services  rendere<l 
by  Commodore  C.  P.  Patterson,  Chief  of  the  United  States  Coast  Survey;  the  officers 
and  crews  of  the  United  States  men-of-war  Enterprise  and  Canonicus ;  Messrs.  H.  C. 
Collins,  W.  H.  Williams,  George  d'Hemecourt,  M.  W.  Darton,  H.  S.  Douglass,  Eugene 
Thompson,  and  Capt.  M.  W.  >>ancis.  and  their  assistants. 

We  would  respectfully  recommenu  to  your  honor  that  provision  be  made  for  com- 

*Not  with  the  manuscript  famished  to  the  priating-office. — [Printer.  1 
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pleting  the  maps,  &c.,  of  the  survey,  and  the  careful  preservation  of  the  same  as  a 
valuable  contribution  to  the  hydrography  of  the  river  in  the  vicinity  of  New  Orleans. 
All  of  which  is  respectfully  submitted. 

G.  Weitzel. 
W.  H.  H.  Benyaurd. 
C.  W.  Howell. 
B.  M.  Harrod. 
J.  A.  D^Hemecourt. 
RoBT.  C.  Wood,  Secretary, 
Hon.  Ed.  Pilsbury, 

Mayor  of  New  Orleans. 

I  am  not  prepared  to  state  whether  or  not  the  work  is  susoeptible  of 
permanent  completion. 

The  work  is  located  in  the  collection-district  of  New  Orleans. 

The  nearest  li^ht-house  is  at  Milneburg,  on  Lake  Pontchartrain. 

The  nearest  light-house  on  the  Mississippi  River  is  at  the  head  of  South  Pass. 

Whole  amount  appropriated |50,000  00 

Original  estimate 476,000  00 

Money  statement. 

Amount  appropriated  by  act  approved  June  18, 1878 J50, 000  00 

July  1,  1878,  amount  available 50,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 426,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  200, 000  00 
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ANNUAL  REPOET  OF  CAPTAIN  JAMES  F.  GEEGORY.  COEPS 
OF  ENGINEEES,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 

30,  1878. 

United  States  Engineeb  Office, 
Headquarters  Department  of  Texas, 

San  Antonio  J  Tex.y  June  8, 1878. 
General:  I  have  the  honor  to  submit  herewith  my  annual  report 
upon  the  work  for  the  protection  of  the  river-banks  at  Fort  Bro^^Ti,  Texas, 
for  the  fiscal  year  ending  June  30, 1878. 

Very  respectfully,  your  obedient  servant, 

James  F.  Gregory, 

Captain  of  Engineers. 
t   Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 


ENCROACHMENTS  OF  THE  RIO  GRANDE. 

In  my  last  annual  report  dated  San  Antcmio,  Tex.,  July  10,  1877  (see 
Appendix  K,  to  Annual  Report  of  Chief  of  Engineers  for  1877),  it  was 
stated  that  the  work  contemplated,  and  approved  by  the  Chief  of  En- 
gineers, for  the  protection  of  the  nortliwest  river-front  of  the  Fort  Brown 
inclosure,  was  finished,  and  that  no  further  recommendation  in  regard 
to  it  could  be  made  until  the  effects  ui>on  it  of  the  next  considerable  rise 
in  the  river  should  be  known. 

Briefly  described,  the  work  was  a  pile-breakwater  composed  of  two 
rows  of  12  by  12  inch  piles  40  feet  long.  These  piles  were  firmly  bound 
together  by  a  double  set  of  longitudinal  and  transverse  braces  of  10  by 
10  inch  timbers  bolted  on  with  1-inch  screw-bolts  with  double  washers. 
The  braces  were  placed  as  near  as  i)ossible  to  the  surface  of  low-water, 
and  the  pile-tops  were  sawed  off  1  foot  above  i\\^  top  braces;  the  design 
being  to  prevent  the  deep  channel  from  approaching  nearer  the  shore, 
and  in  the  belief  that,  if  erosion  by  the  main  current  could  be  prevented, 
the  damage  caused  by  the  flow  of  water  over  the  work  at  periods  of 
high  water  would  be  inconsiderable  and  of  small  importance  compared 
to  the  advantage  gained  by  having  short  leverage  against  the  piles. 

The  piles  were  driven,  with  the  exception  of  the  anchorage-piles  at 
the  head  and  foot  of  the  work,  from  18  to  29  feet  into  the  ground  or 
river-bottom,  being  in  each  case  to  the  extreme  limit  of  endurance  of  the 
fiber  of  the  timber. 

Under  the  entire  work  brush  mattresses  1  foot  in  thickness  were 
2)laced  to  prevent  washing  around  the  feet  of  the  piles.  The  axis  of  the 
main  work  was  a  line  starting  at  the  river-bank,  at  the  foot  of  Four- 
teenth street,  Brownsville,  and  made  au  angle  of  9  degrees  with  the 
general  direction  of  the  shoreline  from  the  starting  point  to  a  i)oint  in 
front  of  the  Administration  Building. 
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The  main  work  was  150  feet  long,  and  was  connected  with  the  bank 
below  by  a  wing  built  in  the  same  manner  as  the  main  structure,  and 
making  with  it  an  angle  of  about  130  degrees ;  the  obj^t  of  the  wing 
being  to  i)revent  the  formation  of  a  dangerous  eddy  below  the  work. 

Above  the  head  proper  of  tlie  work  a  row  of  ten  piles,  in  prolongation 
of  the  outside  row  of  the  main  work,  was  driven  along  the  low  water 
shore-line,  and  these  were  connected  with  each  other  by  stringers  bolted 
on  as  on  the  main  work. 

On  the  2oth  of  October  of  last  year  I  received  from  Maj.  W.  R.  Price, 
Eighth  United  States  Cavalry,  then  commanding  at  Fort  Brown,  tele- 
graphic information  of  injury  to  the  breakwater,  and  also  a  report  of  it« 
condition  by  Mr.  S.  W.  Brooks,  who  was  my  overseer  on  the  work  during 
its  construction. 

The  latter  reported  that  the  underlying  quicksand  had  been  washed 
away  from  the  bank  at  and  above  the  head  of  the  work,  causing  fi-om  2 
to  2|  feet  in  thickness  of  it  to  settle  from  18  to  20  inches,  caiTying  with 
it  the  i^iles  driven  in  it.  The  main  work  was  not  very  much  injured,  but 
four  or  five  of  the  piles  being  attached  to  the  facing  piles  had  moved 
slightly. 

It  appears  that  the  current  impinged  upon  the  bank  a  little  above 
where  it  did  when  the  work  was  erected,  and  it  was  apprehended,  witU 
good  grounds,  that  the  current  might  wash  in  behind  the  head  of  the 
work  and  render  it  worse  than  nseless.  I  therefore  recommended  tbat 
the  unexpended  balance  of  the  appropriation,  $2,802.41,  be  re-transferred 
to  me  to  enable  me  to  render  the  head  of  the  work  secure,  and  asked 
authority  to  employ  an  assistant  to  superintend  the  work  of  repairs. 

By  letter  of  the  Chief  of  Engineers,  dated  Washington,  D.  C,  Novem- 
ber 6,  1877,  my  recommendations  were  approved,  and  I  was  authorized 
to  proceed  with  the  work  of  repairs  by  purchase  of  material  and  hired 
labor. 

The  timber,  machinery,  and  materials  were  purchased  in  Galveston, 
Tex.,  and  shipped  by  schooner  to  Brazos  de  Santiago  and  thence  by  rail 
to  Brownsville. 

The  services  of  Mr.  S.  W.  Brooks  were  secured,  and  under  his  super- 
intendence the  new  work  was  begun  on  the  1st  of  March  and  completed 
on  the  15th  of  May. 

The  work  performed  consisted  in  removing  the  facing  piles  which  were 
now  useless,  and  commencing  at  the  sixth  pile  of  the  main  work,  con- 
tinuing a  new  work  upon  the  same  plan  as  the  old  one  about  130  feet 
farther  up  the  stream,  the  last  40  feet  of  this  distance  being  sheet 
piling. 

Tlierewere  driven  twenty-three  large  piles  from  22  to  28  feet  into  the 
ground  (after  piles  had  settled  through  the  mattresses  and  into  the  mud 
of  the  river  bottom  by  their  own  weight  and  that  of  the  hammer  resting 
upon  them)  by  from  70  to  120  blows  with  a  hammer  weighing  1^300 
pounds,  falling  from  a  minimum  height  of  10  feet  and  a  maximum  height 
of  40  feet. 

The  whole  was  braced  and  ballasted  as  was  the  main  structure,  and 
the  space  between  it  and  the  river-bank  filled  with  condemned  hay,  bal- 
lasted with  brick-bats  and  covered  with  earth. 

At  the  foot  of  Fourteenth  street,  Brownsville,  a  new  sewer-outlet  was 
constructed  across  the  work,  thereby  pouring  the  sewer-floods  into  tlie 
river  outside  of  the  work.  This  sewer  was  partially  the  cause  of  the 
damage  to  the  original  work.  Some  delays  in  the  progress  of  the  work 
were  caused  by  sudden  temporary  rises  in  the  river,  but  everything  was 
in  complete  order,  when,  on  May  15,  the  river  suddenly  rose  to  a  height 
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of  12  feet  above  low-water  surface.    It  a«  suddenly  fell  to  6  feet  above 
low-water,  and  then  rose  again  slightly. 

Mr.  Brooks  reports  to  me  that,  upon  the  subsidence  of  liigh-water,  not 
only  had  the  work  sustained  no  damage,  but  that  a  considerable  amount 
of  sediment  had  been  deposited  upon  and  behind  it,  and  that  it  has  every 
ap]iearance  of  being  thoroughly  substantial. 

There  have  been  several  considerable  changes  in  the  conditions  of  the 
problem  of  protecting  the  post  fix)nt  sinc«  my  examination  of  last  year. 
The  Mexican  point  kno\m  as  Santa  Cniz  Point,  opposite  Brownsville, 
has  been  eroded  somewhat,  and  this  action  still  continues.  In  the  elbow 
of  the  river  just  above  the  breakwater  quite  a  flat  of  sand  has  been  de- 
posited, and  between  the  pumi)ing-liouse  of  the  garrison  and  Old  Fort 
Brown  a  large  flat  has  been  dei)osited. 

The  Levee  Company  of  Bro^vns\ille  have  this  spring  put  in  a  small 
jetty  of  live  willow  piles  just  above  the  city,  Jit  an  exi>ense  probably  of 
about  83,000,  which  also  stood  well  the  effects  of  the  lavst  rise.  It  is" too 
early  to  say,  however,  what  probable  effect  upon  the  river-channel  this 
latter  work  will  have,  but  I  (to  not  anticijiate  from  it  any  special  result 
either  detrimental  or  beneficial  to  the  front  of  Fort  Brown. 

In  front  of  the  Administration  Building,  and  a  little  lower  down,  the 
bank  is  being  eroded  quite  rapidly,  about  5  feet  ha\iug  gone  since  last 
year,  and  danger  is  still  to  be  appi^hended  for  said  building  and  lest 
the  river  yet  break  through  into  the  lagoon. 

As  the  breakwater  i>roper  erected  last  year  has  stood  perfectly  during 
the  rises  of  last  year  and  the  high  water  this  year,  I  would  respt^ctfuUy 
recommend  that  it  be  extended  upon  the  same  plan  4(M)  feet  further 
down  the  river,  which  woukl  probably  i)ert'ectly  protect  the  gaixison 
front. 

The  cost  of  the  original  structure  and  wing  at  lower  extremity,  200 
feet  in  length,  was  $7,197.59.  To  build  400  feet  extension  would  there- 
fore cost  $14,400,  and  I  respectftilly  recommend  that  said  amount  be 
appropriated  for  the  piu'pose. 

The  following  is  a  statement  of  funds  sliowing  the  amounts  expended 
during  the  fiscal  year  ending  June  30,  1878,  and  the  amount  available 
July  1,1878: 

Money  statement 

July  1,  1^8,  bjilance  available  of  appropriation  luade  by  Siindrv  Civil  act 

approvodJuly'.U,  1B76 2,802  41 

July  1,  leT/H,  aiiumiit  expended  during  fiscal  year 2, 796  33 

July  1,  1878,  amount  available 6  08 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18rt0.  1^14,  400  00 
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ANNUAL  EEPORT  OF  CAPTAIN  W.  H.  H.  BENYAURD,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30,  1878. 

United  States  Engineer  Office, 

Memphis^  Tenn.,  July  1,  1878. 
General  :  I  have  the  honor  to  transmit  herewith  annual  reports  upon 
the  diiferent  works  under  my  charge,  for  the  fiscal  year  ending  June  30, 
1878. 

Very  resi)ectMly,  your  obedient  servant, 

W.  H.  H.  Benyattrd, 

Captain  of  Engineers. 
Bug.  Gen.  A.  A.  Huxphreys, 

Chief  of  Engineers  U.  aV.  A. 


Li. 

improvement  of  the  OUACHITA  RIVER,  ARKANSAS  AND  LOUISIANA. 

The  project  for  the  improvement  of  tlie  Ouachita  when  I  assumed 
charge  of  the  work  contemplated  tlie  eonstniction  of  a  series  of  locks  and 
dams  for  slack-water  navigation.  For  sufficient  reasons  this  idea  was 
abandoned,  and  operations  afterward  confined  principally  to  the  removal 
from  the  river  of  all  obstructions  interrui)ting  navigation,  consisting  of 
wrecks,  snags,  sunken  logs,  leaning  trees,  &c.,  using  for  this  puri)ose 
the  liglit-draught  snag-boat  O.  (r.  AVagner. 

These  operations  have  been  carried  on  for  the  past  three  years,  greatly 
to  the  l)enetit  of  the  navigation  of  tlie  river. 

At  low-water  stages  in  the  Ouachita  but  a  comparatively  small  quan- 
tity of  water  pa^sses  Camden,  rendering  navigation  to  that  point  exceed- 
ingly difficult,  especially  over  the  shoal  places.  To  ameliorate  this  con- 
dition of  affairs,  it  was  proposed  at  the  commencement  of  List  season's 
work  to  build  at  the  various  shoal  places  in  the  upper  river  wing-dams 
of  bnish  and  stone  for  the  imri)ose  of  con(*entrating  all  the  water,  when  at 
a  low  stage,  in  a  single  (channel  of  sufficient  width  for  all  navigation 
purposes.  Accordingly  woik  was  inaugurated  at  Spoon  (>ami)  Shoals, 
and  dams  were  built  at  that  place,  and  also  at  Bufl'alo  Flats,  four  in  all. 
They  have  greatly  benefited  the  low-water  na\igation  of  these  shoals, 
wlii(!h  were  considered  the  worst  in  the  upper  river.  The  suceess  attend- 
ing this  project,  as  testified  to  by  the  steamboat-men,  induc(\H  me  to  try 
other  dams  at  various  points  below,  notably  at  IIog-Eye  Shoals,  Slim 
Island,  and  Smac'k  Over  Shoals  in  Arkansas. 

Operations  will  be  continued  with  the  Wagner  to  the  extent  of  the 
funds  appropriated,  in  the  above  work,  and  also  in  the  removal  of  snags, 
logs,  &c.,  forming  obstnu^tious  to  the  navigation  of  the  river. 
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The  report  of  Mr.  Justin  Straszer,  lipon  the  last  season's  work  on  the 
dams  and  upon  the  removal  of  obstioictions,  is  submitted  below. 

United  States  SKao-boat  O.  G.  Wagner, 

Memphis  J  Tenn,,  Noremher  30,  1877. 
Major  :  I  have  the  honor  t<o  submit  herewith,  my  report  on  the  operationg  of  the 
United  States  snag-boat  O.  G.  Wagner  in  the  Ouachita  River,  from  July  1  to  November 
9,  1877. 

The  project  for  the  improvement  of  navigation  in  Ouachita  River  for  the  suniiner 
Reason  of  1877  embraced  as  the  most,  important  object  the  construction  of  low- water 
dams  at  Spoon  Camp  Shoals  and  Buffalo  Flats,  in  the  State  of  Arkansas,  for  the  pur- 
pose of  concentrating  the  water,  when  at  a  low  stage,  in  one  single  channel  at  each  of 
these  places. 

Work  at  Spoon  Camp  Shoals  had  already  been  started  June  18,  1877.  I  concluded 
to  select  as  the  future  cnannel  the  cut-off  across  the  point  next  to  the  right  shore,  and 
to  concentrate  all  the  water  in  the  same,  closing  the  former  low-water  channel  and  a 
minor  chute  formed  between  the  island  and  a  tow-head. 

Two  dams  were  constructed  for  that  purpose.  Dam  No.  1  reaching  from  the  main 
left  bank  of  the  river  to  the  tow-head  situated  between  it  and  the  island.  Dam  No. 
2  was  thrown  across  the  smaller  chute  from  the  tow-head  to  the  island. 

Dam  No.  1  is  110  feet,  dam  No.  2,  90  feet  long;  both  have  a  base  of  50  feet,  and  are 
carried  to  a  height  of  5  feet  above  low  water. 

The  material  used  in  the  coustniction  of  the  dams  consisted  of  willow  brush,  manu- 
factured into  matti-esses,  and  ballasted  with  sand-sacks,  rock,  and  hea\'y  water-logged 
timber,  principally  oak  and  gum. 

These  mattresses  rested  on  the  lower  side  against  a  row  of  piles,  driven  with  a  pile- 
driver,  which  I  set  up  on  the  bow  of  the  snag-boat,  using  the  machinery  of  the  hoist- 
ing-crane for  lifting  the  hammer. 

The  aforementioned  water-logged  timber  were  snags  and  logs  lying  at  the  bottom 
of  the  river  above  the  shoals;  and  as  it  was  required  to  have  them  taken  out  at  any 
rat«,  they  were  carried  on  the  boat  to  the  site  of  the  dam,  placed  in  proper  position, 
and  thus  use<l  with  great  advantage  as  ballast. 

The  intervals  between  these  layers  of  logs  were  filled  up  with  willow  brush,  sand- 
sacks,  and  rock,  and  the  dams  thus  carried  with  alternate  layers  to  a  height  of  5  fe^t 
above  low  water. 

Even  during  the  building  of  the  dams  a  marked  improvement  could  be  observed  in 
the  cut-off  which  was  destined  to  be  the  future  low-water  channel;  at  the  same  time 
the  pools  above  and  below  the  dams,  in  the  old  channels,  commenced  to  become  shallow 
and  fill  up. 

On  the  28th  of  June  a  sudden  rise,  to  a  height  of  6  feet  over  the  nearly  finished 
dams  at  Spoon  Camp  interrupted  work  at  that  locality  for  several  days,  during  which 
time  I  collected  and  towed  material  to  Buffalo  Flats  for  building  the  dams  at  that 
place.  After  the  rise  had  subsided  work  was  resumed  at  Spoon  Camp.  Both  dams 
wei-e  found  solid  and  intact;  the  upper  pool  had  filled  up  to  such  an  extent  that  when 
taking  the  last  lojul  of  rock  to  the  upper  side  of  dam  No.  1  the  boat  could  be  managed 
only  with  difficulty  in  the  shallow  water,  the  wheel  plowing  up  the  new  deposits;  the 
same  effect  took  place  in  the  pool  below  the  dams. 

I  finished  work  at  Spoon  Camp  July  5,  and  proceeded  to  Buffalo  Flats  on  the  same 
day. 

At  Buffalo  Flats  2  dams  were  constnicted  in  the  same  manner;  the  iirincipal  dam, 
to  close  the  chute  between  the  right  bank  and  the  inland,  ha\4ng  a  length  of  75  feet  by  a 
base^  of  40  feet,  and  carried  to  a  height  of  5  feet  above  low-water;  the  second  dam  at 
this  locality  reaches  from  the  right  bank  to  the  tow-head  opposite  the  mouth  of  Locust 
Bayou  at  the  head  of  the  shoals  of  Buffalo  Flats.  Both  of  these  dams  were  constructed 
and  finished  by  July  11. 

While  this  imiirovement  at  Buffalo  Flats  will  be  of  great  help  to  navigation  at  a  low 
stage,  these  Hhoals  could  be  fui*t her  improved  materially  by  building  a  wmg-dani  on  the 
left  shore,  600  feet  long,  which  would  be  the  means  of  straightening  the  ci-ooked  chan- 
nel at  the  lower  end  of  the  shoals  ;  this  work,  however,  could  not  be  undertaken,  as 
the  river  w^as  falling  rapidly  above  Camden,  and  was  expected  to  be  soon  to  low- 
water  mark  above  the  overflow  region. 

As  several  important  obstructions  existed  in  the  channel  between  Buffalo  Flats  and 
Wilmington  which  were  required  to  be  removed,  I  proceeded  downstream  and  en- 
gaged on  that  work,  likewise  on  cutting  some  leaning  timber  at  different  points  where 
It  was  considered  most  neccjssary. 

I  found  snags  most  numerous  at  Haidee  Shoals  and  above  and  below  Eldorado 
Landing ;  also  very  dangerous  isolated  snags  in  difterent  localities,  which  were  re- 
uu)ved  on  the  trip  downstream. 
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Thus,  operations  were  carried  on  until  the  17th  of  Jnly,  on  which  day  I  reached 
Moro  Bay.  WUile  at  Moro,  I  received  iu  formation  througiri)ilot8  concerning  the  stage 
of  water  in  the  lower  river,  which  was  still  influenced  by  the  backwater  of  Mississippi 
River,  reaching  as  high  as  Carryvillo  at  the  head  of  the  overflow  region. 

Thus  not  seeing  any  prospect  of  being  able  to  continue  operations  in  removing  snags 
for  at  least  six  weeks,  I  proceeded  to  Monroe,  La.,  and  reported  to  you  the  circum- 
stances, recommending  at  the  same  time  to  withdraw  the  snag-boat  O.  G.  Wagner  from 
Ouachita  for  the  present,  and  change  her  field  of  operations  to  Yazoo  River. 

My  programme  having  been  approved,  I  started,  pursuant  to  your  orders,  from 
Monroe,  La.,  to  Yazoo  River,  arriving  at  Vicksburg  July  27,  1877. 

The  summary  of  work  in  Ouachita  River  from  June  18  to  July  17  comprises  the 
following  items : 

Construction  of  4  low-water  dams  at  Spoon  Camp  Shoals  and  Buffalo  Flats. 

Removal  of  85  snags  and  logs  from  the  channel  between  Camden  and  Wilmington. 

Cutting  down  191  leaning  trees. 

While  since  the  inauguration  of  improving  navigation  in  Ouachita  River  a  great 
amount  of  work  has  been  done  towards  accomplishing  the  object,  it  will  nevt^rtheless 
be  necessary  to  continue  these  operations  every  year.  Obstructions  to  navigation  will 
form  every  year  after  the  freshets,  trees  will  cave  in  from  the  banks,  and  reach  iumany 
instances  across  the  channel  in  low-wat«r  navigation,  making  the  passage  of  boats 
not  only  dangerous,  but  are  also  a  great  source  of  trouble,  causing  delay  and  detention. 
If  allowed  to  remain  long,  drift  will  settle  on  the  same,  fonning  wrack-heaps  and  sand- 
bars, which  would  not  take  place  by  removing  the  source  of  it  in  proper  time. 

Low-water  dams,  similar  to  those  constnicted  at  Spoon  Camp  Shoals,  would  be  of 
great  benefit  to  navigation  at  the  following  localities  in  Arkansas:  Hog-Eye  Shoals 
above  Miller's  Bluffs,  Slim  Island  Shoals,  Smack  Over  Shoals. 

In  the  Stat<^  of  Louisiana  the  following  places  are  recommended  to  receive  early  at- 
tention, viz :  Removal  of  land-slides  between  Trinity  and  Harrisonburg ;  Catahoula 
Shoals;  land-slides  at  Columbia;  Rutland  Bar;  removalof  wreck  of  steamer  Dr.  Batey: 
Rock  Row  Shoals;  Rock  Ledge  below  Mrs.  Sterling's  plantation ;  also  removal  of  logs  and 
snags  in  different  localities  between  Monroe  and  Trinity  which  have  accumulated  and 
floated  in  durinjr  the  past  two  seasons. 

Very  respectfully,  your  obedient  ser\'ant, 

JusTix  Straszer, 
Comtnanding  United  States  Snag-boat  0,  G.  IVagner, 

Maj.  W.  H.  H.  Benyaurd, 

Captain,  Corps  of  Engineers,  U,  5.  A, 

The  snag-boat  being  the  only  light-draught  one  in  service,  I  have  been 
compelled  to  take  her  from  the  Ouachita  from  time  to  time  and  use  her 
on  other  sti-eams;  for  instance,  the  Yazoo  liiver,  Mississippi,  where  the 
appropriation  was  not  sufficient  to  provide  an  outfit  and  at  the  same  time 
do  any  work.  For  tUis  reason  1  have  usually  a.sked  for  less  appropria- 
tion than  would  keep  the  Wagner  a  whole  season  upon  the  Ouachita, 
where  she  might  possibly  work  to  better  advanttige. 

COjVOIERCIAX.  STATISTICS. 

Ouachita  River  and  its  tributaries  were  navigated  from  July  1, 1877, 
to  May  30, 1878,  by  12  steamers  of  the  regular  line  and  by  7  independ- 
ent steamers. 

The  total  number  of  bales  of  Cotton  carried  by  these  boat«  is  131,324, 

valued  at $6,566,200  00 

Value  of  up-freight,  consisting  of— 

Provisions,  supplies,  &c.,  from  New  Orleans  direct ^'1^7 2^  ^ 

Provisions  from  Saint  Louis,  re-shipped  at  mouth  of  Red  River lOU,  (m)  00 

4,596,340  00 
Miscellaneous  down-freight:  oqo  cyyo  nn 

656,620  sacks  cotton-seed io'lw^n  nn 

l,0(k)  head  of  cattle,  at  $19 19.^0  00 

1,500  head  of  ho^s,  at  $6 2o'?00  oS 

:;200,000  white-oak  staves ^u,  UiW  w 

Total  value 11,604,512  00 

40  E 
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The  Ouachita  is  in  the  collection-district  of  Arkansas,  there  being  but  one,  and  in 
the  third  collection-district  of  Louisiana. 
The  port  of  entry  properly  is  New  Orleans,  La. 

The  amoont  of  revenue  collected  at  that  place  is $1, 475, 780  35 

The  original  estimate  of  operating  upon  the  Ouachita  with  snag-boat 
is  as  follows : 

Cost  of  steamer w $30,000  00 

Running  expenses  per  month 2,200  00 

;N"o  detailed  estimates  will  be  presented  for  the  improvement  of  the 
Ouachita  with  the  snag-boat,  since  the  nature  of  the  work  must  be  con- 
tinuous from  year  to  year,  owing  to  the  character  of  the  obstructions 
which  each  flood  brings  down. 

The  estimates  are,  therefore,  only  based  ui)on  the  amount  required  to 
run  the  snag-boat  for  a  season's  work. 

Amount  appropriated  March  3,  1871 $51,000  00 

Amount  appropriated  June  10,  1872 100,000  00 

Amount  appropriated  March  3,  1873 60,000  00 

Amount  appropriated  August  14,  1876 12,000  00 

Amount  appropriated  June  18,  1878 10,000  00 

Total  amount  appropriated 23!),  000  00 

Total  amount  expended 222,977  68 

Balance  on  hand  July  1, 1878 10, 022  32 

The  first  appropriation  were  made  with  a  ^iew  to  the  improvement 
of  the  river  by  means  of  a  system  of  locks  and  dams,  the  estimated  cost 
of  which  was  $1,163,083.75,  and  by  operating  with  a  non-propelling 
crane-boat. 

There  had  been  expended  under  this  project  for  materials,  surveys, 
&c^  about  $160,000  when  it  was  abandoned. 

The  remainder  of  the  appropriations  has  been  expended  in  the  pur- 
chase of  an  iron-hull  snag-boat  and  in  operating  it  upon  the  river. 

Money  statement 

July  1,  1877,  amount  available $6,830  56 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$16,830  56 

July  1,  1878,  amount  expended  during  fiscal  year 6,808  24 

July  1,  1878,  amount  available 10,022  38 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juno  30, 1880  . .     25, 000  00 


L2. 

IMPROVEMENT  OF  THE  YAZOO  RIVER,  MISSISSIPPI. 

Operations  upon  this  river  were  carried  on  by  the  snag-boat  O.  G. 
Wagner,  at  such  times  as  she  could  be  spared  from  the  Ouachita^  in 
removing  snags,  sunken  logs,  and  also  the  wrecks  of  various  steamers 
sunk  during  the  late  war. 

The  original  detailed  estimate  for  the  improvement  of  the  Yazoo  River 
was  $120,000,  which  included  the  cost  of  a  snag-boat  to  be  used  especially 
upon  this  river.  The  appropriations,  however,  have  usually  been  too 
small  for  this  purpose  and  also  to  bear  the  operating  expenses  of  a 
season's  work,  and  I  have,  therefore,  been  compelled  to  use  the  Wa{iner 
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at  such  times  as  I  could  get  her.    It  was  only  in  this  way  that  any 
progress  could  be  made  toward  the  improvement  of  the  river. 

The  report  of  Mr.  Justin  Straszer,  giving  the  operations  for  last  season, 
is  submitted  below: 

United  States  Sxao-boat  O.  G.  Wagner, 

Memphis,  Tenn.,  Novemher  30,  1877. 
Major:  I  have  the  honor  to  siibiait  herewith  my  report  on  the  operations  of  the 
United  States  snag-boat  O.  G.  Wagner  in  the  Yazoo  Kiver  fi-om  July  1  to  November  9, 
1877. 

Before  entering  npon  the  duties  of  removing  obstructions  to  navigation  in  Yazoo 
River,  I  had  a  consultation  with  the  most  prominent  captains  and  pilots  navigating 
that  river,  with  the  view  to  ascertain  their  Avishes  regarding  the  removal  of  the  same. 
These  obstructions,  consisting  principally  of  logs,  stumps,  and  wrecks  lying  at  the 
bottom  of  the  river,  in  or  near  the  edge  of  the  channel,  are  very  numerous;  and,  as  the 
season  for  working  in  Yazoo  River  is  comparatively  very  short,  it  was  deemed  advisable 
to  select  first  tlie  most  dangerous  obstructions,  and  leave  the  removal  of  the  others  to 
future  time. 

Accordingly,  a  list  of  the  most  prominent  obstructions  and  their  localities  was  made 
out  and  handed  to  me.  In  order  to  carry  out  this  programme,  I  decided  to  regulate 
the  movements  of  the  snag-boat  with  the  fluctuations  of  the  stage  of  water  in  the 
river.  Hence  the  whole  distance  from  the  mouth  of  the  river  to  Greenwood  was  visited 
twice  up  and  down,  several  localities  oftener  to  secure  the  removal  of  certain  obstruc- 
tions, whenever  circumstances  comi)eUed  me  to  postpone  work  at  such  places  to  a  more 
favorable  time. 

Guided  by  this  programme,  I  started  fix>m  Vicksburg  on  July  29  and  commence<l 
active  operations  the  next  day. 

Thus  moving  up-stream,  work  was  carried  on  successfully  until  the  20th  of  August,, 
when  sickness  commenced  to  set  in  among  the  officers  ana  deck-crew  to  an  alarming, 
extent,  most  of  the  cases  l)eing  malarial  fevers,  some  of  them  of  very  critical  type,, 
which  compelled  me  to  abandon  work  at  Caldwell's  Point,  and  proceeci  to  Greenwood 
for  the  purpose  of  removing  the  sick  people  to  houses  and  under  the  care  of  skilled 
physicians. 

Having  recruited  my  force,  I  returned  from  Greenwood,  working  down-stream,  carry- 
ing on  the  operations  until  September  10,  when  renewed  sickness  among  the  employes 
caused  considerable  delay  in  the  execution  of  the  work.  By  your  letter,  dated  Mem- 
phis, August  29,  in  response  to  my  report  on  the  previous  cases  of  sickness,  L  was 
authorized  to  lay  the  boat  temporarily  up.  I  therefore  thought  best  to  suspend  opera- 
tions until  later  in  the  season,  when  the  work  could  be  carried  on  without  danger  of 
in^juriiig  the  health  or  sacrificing  the  lives  of  the  employes.  Accordingly,  I  started  for 
Vicksburg,  where  I  arrived  Sei)tember  12.  A  portion  of  the  crew  was  discharged, 
while  the  mechanics,  such  as  engineers,  carpenters,  and  mates,  with  a  few  nM^n,  were 
engaged  in  repairing  damages  to  machinery,  patching  up  deck,  and  fitting  up. new. 
ircm  nosing,  all  of  which  work  was  completed  by  September  22. 

The  most  excessive  heat  of  the  summer  having  passed,  and  not  anticipatiiii|i^  any/fbr-'- 
ther  danger  to  the  health  of  the  employes,  I  shipped  again  the  full  crew  of  the  boat 
and  started  from  Vicksburg  on  the  24th  of  September  to  resume  operations  in.  Yazoo 
River. 

I  worked  again  up-stream,  and  the  stage  of  water  being  much  lower  than*  during 
the  first  cruise,  I  was  enabled  to  remove  now  such  obstructions  as  I  had  to  pass  over 
during  the  first  trip  up  and  return. 

Operations  were  carried  again  as  high  as  French  Bend  and  back  to  the  mouth  of 
Little  Sunflower  River,  until  the  7th  day  of  November,  when  I  received  youriustruc- 
tions  to  withdraw  the  snag-boat  from  Yazoo  River  and  proceed  with  her  to  your  head- 
quarters at  Memphis,  Tenn. 

The  obstructions  were  especially  prominent  in  the  following-named  localities.:  From 
Collin's  Bayou  to  the  mouth  of  Little  Sunflower  River,  notably  at  Brown's  Bar ;  Eldo- 
rado and  Belcher's  Bar;  in  the  narrows  above  mouth  of  Big  Sunflower;  from  Liver- 
pool to  O'NeaPs  Creek ;  Short  Creek  Shoals ;  Wolf  Lake  Landing  and  Tuscola ;:  in  bend 
at  Lousy  Level  and  above  Randall's  Landing ;  in  the  Ox  Bows ;  from  Huiutstield  to 
Rosebank,  a  distance  of  10  miles,  including  Gold-dust  Bend,  Eagle  Lake  Bend^  Ship's 
Bend,  to  the  hea<l  of  Honey  Island ;  Caldwell's  Point,  French  Bend ;  bend  above  Ers- 
kin's  Landing ;  Pleasant  View,  Philipston ;  also  a  great  number  of  dangerous  single 
obstructions  in  different  places. 

Work  throughout  was  very  heavy,  especially  in  the  npper  river  where  certain,  logs 
and  snags  could  only  be  removed  with  the  aid  of  heavy  purchase-blocks  rigged  up  on 
shore.  Other  obstructions  like  the  cypress  stumps  at  Lousy  Level  and  at  Raudalrs  in 
the  Ox  Bows,  and  also  prominent  logs  half-way  buried  in  the  bottom  of  the  river, 
could  only  be  removed  with  the  aid  of  the  diving  apparatus  and  appliances  of  powder. 
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The  nninber  of  snags,  logs,  and  stumpe  destroyed  and  removed  from  the  channel  dnr- 
ingthe  preflent  season  amounts  to  612. 

The  wrecking  operations  were  confined  to  the  following  objects : 

Wreck  of  su^en  coal-flat  above  the  mouth  of  Little  Sunflower  Siver,  removed  en- 
tirely. 

Portion  of  the  wreck  of  steamer  Paul  Pry,  so  much  of  it  as  was  considered  in  the 
way  *,  likewise  portion  of  the  wreck  of  steamer  Freestone  below  the  mouth  of  Piney 
Creek. 

Shaft  of  steamer  Peytona  above  Koalunsa  plantation. 

The  nnmljer  of  overhanging  tr<5e«  cut  down  amounts  to  576. 

Operations  in  Yazoo  River  should  be  carried  on  in  the  same  manner  during  the  next 
season.  While  ^n'^at  improvements  have  been  made,  much  remains  to  be  done  yet, 
principally  cutting  leaning  trees,  and  such  timber  on  the  banks  liable  to  cave  in,  in 
the  course  of  a  few  years. 

Among  the  old  steamboat  wrecks  still  remaining  in  the  river,  I  consider  as  the  worst 
the  wreck  of  the  Mary  £.  Keane,  lying  at  the  foot  of  French  Bend;  the  bar  opposite  the 
wreck  is  advancing  very  far  out,  narrowing  the  channel  between  it  and  the  wreck 
considerably,  and  making  the  passage  of  boats  on  dark  nights  very  dangerous. 

I  am  pleased  to  state  that  the  parties  engaged  in  the  navigation  of  Yazoo  River  have 
expressed  their  entire  satisfaction  with  the  successful  operations  of  the  snag-boat  O. 

Q.  Wagner  during  the  past  season. 

#^  #*.  »  #  •  « 

Very  resjMJctfully,  your  obedient  servant, 

JusTix  Straszer, 
Commanding  United  States  Snag-boat  0.  G.  Jfagner, 
Miy.  W.  H.  H.  Benyaurd, 

Captain  Corps  of  Engineers,  U,  S,  A. 

Diirinp^  the  coming  season  it  is  proposed  to  use  the  Wagner  in  con- 
tinuing the  removal  of  all  obstructions  in  the  river. 
The  amounts  appropriated  for  the  Yazoo  have  been  as  follows: 

By  act  approved  March  3,  1873 $40,000  00 

(This  amount  was  applied  to  the  removal  of  the  wrecks  of  the  steamers 
Arcadia,  R.  J.  Lackland,  Golden  Age,  Glyde,  Petrel,  Ivy,  Van  Dom, 
Polk,  and  Idaho,  sunk  in  the  stream  during  the  operations  of  the  war.) 

By  act  ai)prove<i  March  3,  1875 12,000  00 

By  act  approved  August  14,  1876 15,000  00 

By  act  approved  June  18,  1878 25,000  00 

As  stated  before,  the  appropriations  are  not  sufficient  to  provide  an 
outfit  and  do  the  necessary  work  at  the  same  time. 

Tlie  Wagner  being  the  only  light-draught  snag-boat  in  service,  she  has 
many  calls  made  for  her  ser\ace8  in  otlier  of  the  Southern  streams.  It  is 
therefore  impossible  for  her  to  do  ample  justice  to  all.  It  would  there- 
fore be  well  for  us  to  be  provided  with  one  other  such  boat,  and  I  would 
respectfully  recommend  that  it  be  provided  out  of  funds  hereafter  ap- 
propriated for  the  Yazoo. 

COMMEECLAL  STATISTICS. 

The  Yazoo  Eiver  was  navigated  during  the  fiscal  year  by  the  steamers 
belonging  to  the  Mississippi  and  Yazoo  Eiver  Packet  Company,  and 
during  a  few  of  the  winter  months  by  one  independent  steamer. 

The  amount  of  freight  carried  during  the  year  is  as  follows: . 

101,725  bales  cotton,  valued  at .     $5,086,250  00 

7,500  tons  cotton-seed,  valued  at 90,000  00 

Hides  and  sundries,  valued  at 50,000  00 

Value  of  up-freight,  consisting  of  provisions,  supplies,  agricultural  im- 
plements, and  general  merchandise 2,500,000  00 

Total 7,726,250  00 

Yazoo  River  is  in  the  collection-district  of  Vicksburg,  Miss.  The  port  of  entry  is 
New  Orleans,  La. 
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Money  statement 

July  1,  1877,  amount  available fl3, 956  51 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

138,956  51 

July  1,  1878,  amount  expended  during  fiscal  year • 13,799  68 

July  1,  1878,  amount  available 25,156  a3 

Amount  (estimated)  required  for  completion  of  existinc:  project 68, 000  00 

Amount  that  can  be  prohtably  expended  in  iiiical  year  ending  J  une  30, 1880 .  50, 000  00 


L3. 

REMOVING  RAFT  IN  RED  RIVER  AND  CLOSING  TONE'S  BAYOU,  LOUISIANA. 

Until  within  the  past  two  years,  the  improvements  made  under  the 
above  heads  were  separate,  but  they  are  now  continued  under  one  appro- 
priation and  allotments  made  from  each  as  the  nature  and  extent  of  the 
work  demanded. 

REMOVAL  OF  RAPT  IN  RED  RIVER,  LOUISIANA. 

At  the  commencement  of  the  fiscal  year  the  fiinds  on  hand  for  this 
work  and  Tone's  Bayou  amounted  to  only  $2,262.32.  At  this  time  the 
steamer  Florence  was  sunk  in  Cypress  Bayou,  whither  she  had  been  sent 
to  assist  in  raising  the  dredge-boat  belonging  to  that  work,  and  it  was 
proposed  to  reserve  the  above  amount  for  the  purpose  of  raising  the 
Flore}W€j  and  repair  all  damages  and  to  take  care  of  the  large  quantity 
of  government  property,  consisting  of  steamers,  crane-boat,  &c.,  lying 
at  Shreveport. 

The  raft  region  about  this  time  became  blocked  with  drift,  and  after 
the  Florence  was  raised  I  was  directed  by  your  telegram  of  November 
10  to  expend  the  balance  of  the  appropriation  available  to  the  removal 
of  the  jam,  and  to  submit  an  estimate  of  ftinds  required  to  keep  the  river 
open  for  the  remainder  of  the  season  and  to  take  care  of  the  property. 
Accordingly  the  Florence  resumed  work,  and  removed  the  obstructions 
at  Gilmer's,  raft  No.  1,  raft  No.  5,  at  Nitro-Glycerine  Gamp,  and  at  Shady 
Grove,  leaving  the  river  entirely  cle^r. 

The  funds  teing  exliausted,  the  whole  fleet  was  laid  up  and  the  crew 
discharged,  the  captain  and  two  watchmen  remaining,  however,  to  take 
care  of  the  property,  though  without  compensation. 

On  the  7th  of  February,  1878,  an  appropriation  of  $6,000  was  made 
for  the  puri)08eof  continuing  the  work,  and  operations  were  commenced 
and  continued  at  intervals,  according  to  tlie  necessity  existing,  until  the 
close  of  the  year.  The  tunds  were  not  sufficient  to  keep  the  entire  force 
the  whole  time,  the  boats  being  merely  taken  out  only  as  the  emergency 
existed.  At  all  other  times  they  were  laid  up  and  the  crews  discharged, 
keeping  only  sufficient  force  to  take  care  of  the  property  and  to  get  ready 
to  move  upon  short  notice. 

The  Florence  worked  during  the  half  of  the  month  of  March,  and  in 
May  and  June,  keeping  the  river  oi)en  and  accomplishing  the  following 
amount  of  work : 

Removed  13  jams,  including  parts  of  old  raft  formation,  3,775  square  yards. 

Removed  21  shore-jams. 

Fulled  20  snags. 

Cut  38  trees  on  caving  banks. 

Girdled  Ki  trees. 

Excavated  410  cubic  yards  of  sand  and  clay  from  Gilmer's  Tow-head. 
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Capt.  J.  8.  Tennyson  was  in  charge  of  work  the  whole  time. 

The  appropriations  made  have  only  been  sufficient  to  keep  the  Florence 
at  the  above  work  of  keeping  the  river  free  from  drift,  without  attending 
to  the  removal  of  certain  portions  of  the  old  raft  still  remaining,  and 
which  would  greatly  benefit  the  navigation  of  the  upper  river.  It  had 
also  been  my  intention,  if  sufficient  ftmds  were  appropriated,  to  cut  off 
all  the  trees  along  the  banks  as  far  up  as  we  could  go,  thus  lessening 
the  amount  of  timber  likely  to  fall  into  the  river,  and  by  this  means  les- 
sen from  year  to  year  the  recurrence  of  jams  and  the  blockage  of  the 
river.  In  my  report  for  the  fiscal  year  ending  June  30, 1876, 1  estimated 
for  this  entire  work  $150,000. 

The  original  detailed  estimate  for  the  removal  of  the  raft  (see  my  re- 
port for  fiscal  year  ending  June  30, 1876 ;  also  previous  reports  of  Cap- 
tain Howell)  was  $259,014,  with  additional  items  for  keeping  open  the 
channel  for  first  year,  $50,000,  and  for  subsequent  years  it  was  estimated 
that  from  $10,000  to  $25,000  would  be  required. 

The  amounts  ai^i)ropriated  heretofore  are  as  follows : 

By  act  approved  June  10,  1872 |150,000  00 

By  act  approved  March  3,  1873 80,000  00 

Bv  act  approved  June  23,  1874 50,000  00 

By  act  approved  March  3,  1875 20,000  00 

By  act  approved  August  14,  1876,  for  removing  raft  and  closing  Tone's 

*Bayou 35,000  00 

By  allotment  August  27, 1877,  for  closing  Tone's  Bayou 4, 500  00 

By  act  api>roved  February  7,  1878,  for  removing  raft 6, 000  00 

By  act  approved  June  18, 1878,  for  removing  raft  and  closing  Tone's  Bayou.  24, 000  00 

CLOSING  tone's  BAYOU,  LOUISIANA. 

This  work  was  resumed  by  me  the  previous  year  with  an  allotment  of 
$25,000  fix)m  the  combined  appropriation,  and  the  mattress-work  with 
which  it  was  proposed  to  close  the  bayou  carried  up  to  within  about  14 
feet  of  extreme  high-water  mark.  At  this  point  the  work  was  left,  the 
fands  being  insufficient  to  completely  effect  the  object  in  ^iew.  The 
dam  withstood  well  the  succeeding  very  high  water  of  Red  River,  but, 
as  I  feared,  a  portion  of  the  left  bank  caved  in,  leaving  a  gap  around 
that  end,  the  other  end  and  the  whole  dam  remaining  intact.  There  being 
no  funds  on  hand  available,  it  was  impossible  to  do  anything  toward  re- 
pairing the  break. 

This  condition  of  affairs  being  reported  to  the  department,  and  the 
urgent  necessity  that  existed  for  immediate  action  being  known,  an  allot- 
ment of  $4,500  was  made  with  which  to  continue  the  work.  The  citizens 
of  New  Orleans,  and  others  interested  in  the  navigation  of  Red  River, 
also  subscribed  $3,000,  and  with  these  two  amounts  of  money  I  com- 
menced immediately  to  rei)air  all  damage. 

The  end  of  the  dam  was  secured,  and  work  carried  on  also  upon  the 
dam  proper,  which  was  raised  several  more  feet,  and  the  bank  below  was 
secured  from  scour. 

An  examination  of  the  dam,  made  some  two  weeks  ago,  reports  the 
work  in  good  condition,  the  flood  of  this  spring  having  as  yet  caused  no 
damage. 

With  an  allotment  from  the  appropriation  made  June  18, 1878,  it  is 
proposed  to  carry  up  the  dam  to  its  full  height  (extreme  high-water 
mark),  and  to  cover  the  top  with  a  hesLvy  layer  of  stone. 

It  is  absolutely  necessary  that  this  work  be  finished,  otherwise,  as 
stated  in  previous  reports  and  letters,  the  low-water  navigation  of  Red 
River  vn\l  be  eventually  ruined,  since  Tone's  Bayou  previous  to  the 
commencement  of  our  work  was  enlarging  from  year  to  year,  and  threat- 
ened at  no  great  length  of  time  to  eventually  absorb  all  the  water  ot 
Red  River  when  at  its  lowest  stage. 
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The  report  of  Mr.  Joseph  Bumey  ujwn  the  work  carried  on  this  season 
with  the  allotment  of  $4,500,  and  with  the  fonds  subscribed  by  the  citi- 
zens of  New  Orieans,  is  given  below. 

United  Statks  Engineer  Office, 

MemphiSy  Tenn,j  January  23,  1878. 

Major  :  I  have  the  honor  to  report  that  in  accordance  with  your  instructions  received 
in  September,  1877,  I  proceeded  to  Tone's  Bayou,  Louisiana,  and  assumed  charge  of 
the  work  of  closing  the  wash  around  the  east  end  of  Tone's  Bayou  Dam,  and  the 
further  strengthening  of  the  works,  and  respectfully  submit  the  toUowing  report  of 
operations : 

Before  commencing  the  work,  I  made  a  careful  examination  of  Red  River  near  the 
entrance  to  the  bayou,  also  of  the  bayou  above  and  below  the  dam.  I  found  very 
little  change  in  the  sand-bar  in  Red  River,  which  was  forcing  the  water  down  the 
bayou,  nor  had  Red  River  below  the  bayou  scoured  out  much.  The  month  of  Tonc\s 
Bayou,  which  was  steadily  enlarging  before  the  dam  was  constructed,  had  ceased,  and 
from  somidings  taken  across  the  mouth  showed  a  very  large  deposit. 

Before  commencing  upon  the  dain  in  1876,  the  soundings  ranged  from  20  to  26  feet, 
while  the  soundings  taken  in  September,  1877,  showed  the  greatest  depth  to  be  12  feet, 
and  that  only  in  one  place.  The  other  soundings  showed  8,  9,  10,  and  11  feet,  and  in 
one  place  only  6  feet,  thus  showing  that  the  bayou  was  accommodating  itself  to  the 
greatly  decreased  discharge  of  water  caused  by  the  dam.  The  soundings  down  the 
bayou,  after  passing  the  new  bar,  did  not  show  much  change,  while  the  banks  before, 
which  had  been  steadily  caving,  had  entirely  ceased,  and  in  many  instances  had 
slightly  silte<l  up,  on  which  had  sprung  up  a  young  growth  of  cottonwoods.  Sound- 
ings 900  feet  above  the  dam  showed  greatest  depth  to  be  20  feet ;  800  feet  above,  21 
feet ;  700  feet,  22  feet ;  600  feet.  23  feet ;  500  feet,  23  feet;  400  feet,  28  feet ;  300  feet, 
26  feet ;  200  feet,  27  feet ;  100  feet,  26  feet.  Deepest  water  on  crest  of  dam,  6  feet ; 
least  depth,  2  feet. 

The  dam  on  west  bank  was  in  good  condition,  showing  no  danger  of  a  wash  around, 
the  sand  having  filled  up  both  alK>ve  and  below.  On  the  center  of  the  dam  a  portion 
had  been  carried  away  by  heavy  drift,  and  on  the  east  bank  a  wash  around  had  been 
made  60  feet  wide  and  8  feet  deep.  This  bank  is  composed  to  a  great  extent  of  yellow 
sand,  which  readily  scours  out  if  not  thoroughly  protecte<l. 

Below  the  dam  very  great  changes  had  occurred.  On  the  east  bank  it  had  caved 
for  a  length  of  700  feet,  and  extended  back  in  some  places  130  feet,  carrying  away  over 
li  acres  of  land.  On  the  west  bank  it  had  caved  for  a  length  of  500  feet  and  extended 
back  200  feet,  carrying  away  three-quarters  of  an  acre,  while  the  soundings  below  the 
dam  showed  a  very  heavy  scour. 

Before  the  dam  was  constructed  the  soundings  were  from  24  to  26  feet,  while  the 
soundings  taken  at  the  time  of  examination,  100  feet  below  the  dam,  were  41  feet ;  200 
feet  below,  45  feet;  300  feet  below,  40  feet;  400  feet,  49  feet;  500  feet,  36  feet;  600  feet, 
22  feet ;  700  feet,  17  feet ;  800  feet,  17  feet. 

In  September  you  visited  the  works  and  gave  instructions  respecting  the  same, 
which  I  at  once  began  to  execute.  The  steam-tug  Gussie  and  several  flat-boats  were 
chartered  and  a  working  party  sent  10  miles  above  Shreveport  to  obtain  willows, 
which  had  to  be  carried  to  the  dam  a  distance  of  35  miles.  Another  working  party 
commenced  work  at  the  dam.  The  old  mattress-ways  were  repaired,  and  we  com- 
menced the  construction  of  mattresses  in  the  same  manner  as  described  in  my  last  re- 
port, but  not  of  such  large  dimensions,  being  25  feet  by  25  feet  by  3  feet.  Eight  of 
these  were  run  into  and  sunk  in  the  chute.  Upon  the  foundation  thus  obtained  we 
commenced  building  mattress- work,  and  by  the  end  of  Septenil)er,  1877,  the  dam  was 
closed  above  low-water,  closing  up  450  siiuare  feet  of  water-area.  You  again  visited 
the  works,  and  saw  the  necessity  of  protecting  the  ends  of  the  dam  above  low-water, 
or  the  bank  would  readily  cut  out  the  next  high-water  season. 

Work  was  continued  in  carrying  up  each  side  of  the  dam  and  the  center  closed  in  to 
80  feet.  This  has  an  average  depth  of  4  feet,  giving  area  of  discharge  320  feet.  Before 
the  dam  was  constructed  the  area  of  discharge  was  3,100  square  feet. 

Before  finishing  the  work  the  water  began  to  rise  rapidly,  bringing  down  from  the 
upper  river  great  quantities  of  heavy  drift-logs,  and  but  for  the  opening  in  the  center 
of  the  dam,  which  gave  them  a  free  outlet,  would  have  seriously  injured  the  work. 

I  found  that  sand-bags  used  above  low-water  were  of  little  or  no  use  for  ballast,  aa 
in  a  very  short  time  they  rotted,  and  the  water  easily  carried  off  the  material  with 
which  they  were  filled.  According  to  your  instructions,  I  endeavored  to  obtain  stone, 
but  found  it  could  only  be  had  above  Shreveport,  and  then  only  during  high-water. 
We  tried  rough  boxes  and  barrels  filled  with  clay.  This  was  fonnd  much  l)etter  than 
sand-bags,  but  I  believe  not  sufficient  to  stand  the  heavy  drift-logs ;  and  I  think  some 
of  the  upper  works  will  be  damaged  for  want  of  a  good  covering  of  heavy  stone 
ballast. 

Work  was  suspended  November  7,  1877. 
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Reviewinp;  the  work  of  the  past  two  seasons,  it  may  be  considered  that  it  was  not 
BO  sucoessfuras  might  have  been  expected.  Yet,  taking  the  surrounding  circumstances 
into  consideration,  I  believe  they  have  met  with  very  fair  success. 

When  Tone's  Bayou  was  much  smaller  than  at  present  four  attempts  were  made  to 
close  it  by  able  engineers,  and  the  first  moderate  high-water  swept  them  entirely 
away.  In  1876  I  had  the  honor  to  be  placed  in  local  charge  of  the  work.  It  was  late 
in  the  season,  and  I  believe  the  work  would  have  been  postponed  by  you  until  the 
following  year  but  for  the  urgent  request  of  8t<»amboat-owners  and  the  threatened 
interruption  of  navigation  to  Shreveport  during  the  busiest  part  of  the  cotton  season. 

There  was  no  time  to  make  a  thorough  preparation,  which  a  work  of  this  impor- 
tance demands,  and  we  had  to  construct  the  dam  with  what  we  could  find  in  the  imme- 
diate neighborhood,  viz,  cottonwootl-trees,  willows,  and  a  very  inferior  kind  of  earth- 
work for  ballast,  three-fourths  of  which  was  carried  away  by  the  current.  Had  there 
been  time  to  obtain  stone,  which  cai^  only  be  obtained  during  high-water,  the  work 
would  have  l>een  far  more  substantial  and  economically  executed. 

In  the  sjiring  of  1877  a  wash  was  discovered  around  the  east  end  of  the  dam,  and  had 
there  been  funds  for  the  work  it  could  have  been  readily  8topi>ed,  but  it  was  left  to 
wash  out  until  the  beginning  of  September. 

Notwithstanding  these  difficulties  the  dam  has  8t4>od  one  high-water  and  two  low- 
water  seasons.  During  the  two  latter  it  has  thrown  back  into  the  main  channel  niue- 
teuths  of  the  water  which  would  have  been  wasted  down  the  bayou  and  through  the 
lakes. 

The  water  has  been  over  the  dam,  it  has  washed  around  one  end.  has  scoured  out  an 
additional  depth  below  of  20  feet,  and  carried  away  on  the  banks  oelow  over  2^  acres, 
yet  with  the  slight  damage  above  described  it  still  remains. 

To  make  the  dam  permanent  much  remains  to  be  done.  I  believe  the  upper  works 
win  be  considerably  damaged  for  want  of  proper  ballast;  this  should  be  repairtnl  and 
the  whole  work  receive  a  heavy  covering  of  stone  ballast,  and  the  banks  lielow,  so  far 
as  the  caving  occurs,  should  be  protected  by  mattresses.  This  work  I  estimate  can  \ye 
done  for  $25,000. 

I  have  the  honor  to  remain,  very  respectfully,  Joseph  Burnet. 

Maj.  W.  H.  H.  Benyaurd, 

Captain  Coips  of  Engineers,  U.  S,  A. 

The  above  works  are  situated  in  the  third  collection-district  of  Louisiana. 

There  is  no  light-house  near  them. 

The  nearest  port  of  entry  is  New  Orleans,  La.,  of  which  the  following  statistics  for 
the  fiscal  year  ending  June  30,  1878,  are  given : 
Total  value  of  imports $11,140,170  00 

Total  value  of  exports,  domestic 85,410,884  00 

Total  value  of  exi)orts,  foreign 219,475  00 

85,630,359  00 

Total  amount  of  revenue  collected  on  imports 1, 475, 780  35 

The  following  are  the  commercial  statistics  of  Ked  Eiver  to  Jime  30, 

1878 : 

Bales  of  cotton 193,000 

Head  of  cattle 23,  (HX> 

Sacks  of  cotton-seed 160,00(1 

Backs  of  cotton-seed,  cake,  and  meal 38,000 

Barrels  of  cotton-seed  oil • 5,  500 

To  this  should  be  added  the  transiiortation  of  a  large  amount  of  freight  up  the  river, 
consisting  of  merchandise,  supplies,  farm  implements,  &c.,  estimated  to  be  oue-fourtli 
more  than  the  value  of  cotton  which  reaches  Shreveport. 

Money  statement, 

Jiilvl,  1877,  amount  available $2,2(52  32 

Amount  allotted  for  Tone's  Bayou,  August  27,  1877 4, 500  00 

Amount  appropriated  by  act  approved  February  7,  1878 6, 000'  00 

Amount  appropriated  by  act  approved  June  18,  1878 24, 000  00 

—    136,702  32 

Julyl,1878,amountexpendedduringfiscalyear|^^^'^^^^^^^^  10,316  38 

July  1,  1878,  amount  available 26,445  94 

Amoimt (estimated) required forcompletion of existingprojectforraft-work.  130, 000  00 
Amoimt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1680.     50, 000  00 
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L  4. 

IMPROVEMENT  OF  CYPRESS  BAYOU,  TEXAS. 

Operations  upon  this  work  have  heretofore  been  confined  to  the  im- 
proving of  Cypress  Bayou  proper  by  dredging  and  straightening  the 
channel  by  means  of  several  cut-offs  and  by  removing  obstinctions  from 
the  channel.  The  dredge-boat  with  which  the  work  was  done  in  former 
seasons  sunk  in  the  bayou  the  i)re\Tious  winter,  so  that  no  work  was 
carried  on  upon  the  improving  of  the  channel  during  the  past  fiscal 
year. 

The  appropriation  was  used  in  raising  the  old  and  building  a  new 
dredge.  This  work  was  carried  on  at  a  point  on  the  bayou  about  5  miles 
below  Jefferson,  under  the  super\i8ion,  first,  of  Mr.  Josei)h  Burney,  and 
afterward  of  Mr.  M.  Lydon,  and  the  dredge  was  successfully  launched 
in  October,  1877. 

The  workmanship  reflects  great  credit  upon  the  workmen  engaged, 
for  the  manner  in  which  it  was  conducted,  especially  under  the  circum- 
stances, being  in  the  woods  and  without  the  usual  facilities  of  a  ship- 
yard, and  during  a  heated  term  which  caused  a  great  deal  of  sickness 
among  the  men. 

After  the  hull  was  placed  in  the  water,  the  engine  and  boiler  and 
other  machinery  were  placed  in  position.  The  funds  being  nearly  ex- 
hausted work  was  suspended  in  November,  1877,  and  the  property  left 
in  charge  of  a  watchman. 

With  the  amount  appropriated  June  18, 1878,  it  is  proposed  to  finish 
putting  up  the  other  machinery  of  the  dredge  and  build  a  new  cabin ; 
the  cost  of  this  work  will  be  about  $3,000.  The  balance  of  the  appro- 
priation will  be  applied  to  the  work  of  improvement.  This  will  consist 
in  widening  the  three  channels  ab^eady  dug,  and  to  dredge  another  chan- 
nel from  the  bayou  into  the  head  of  the  lake,  thus  giving  good  navigation 
from  Jefferson  to  the  lakes  below. 

In  my  report  of  last  year  I  estimated  that  it  would  take  $20,000  to  fin- 
ish the  dredging  and  straightening  the  channel.  The  new  hull  of  the 
dredge  cost  more  than  I  had  originally  thought  it  would,  owing  to  the 
difficult  condition  in  which  we  had  to  carry  on  work,  and  in  addition  the 
amount  of  the  appropriation  not  being  up  to  the  estimate,  a  certain 
amount  has  always  to  be  reserved  for  the  care  of  property,  &c.  I  deem 
it  necessary  also  to  carry  out  the  dredging  through  Fairy  Lake  and 
make  the  connection  through  to  Sodo  Lake.  For  tiiis  work  I  estimate 
$20,000. 

The  former  appropriations  are  as  follows : 

By  act  approved  June  10,  1872 |10,000  00 

By  act  approved  March  3,  1873 50,000  00 

By  atrt  approved  August  14,  1876 13,000  00 

By  act  approved  June  18,  1878 15,000  00 

For  collection  district  and  port  of  entry  see  report  on  removal  of  raft 
in  lied  Kiver  and  closing  Tone's  Bayou,  La. 

COMMERCIAL  STATISTICS. 

The  city  of  Jefferson  stands  at  the  head  of  navigation,  and  Ls  the  prin- 
cipal distributing  point  for  Eastern  Texas.  The  city  contains  about 
5,000  mhabitants,  a  court-house,  market-house,  and  two  banks,  having 
a  paid-up  caj)ital  of  over  $250,000. 

When  the  bayou  is  oi)en  for  na\'igation,  which  generally  extends  over 
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6  months,  2  steamboate  per  week  arrive  from  New  Orleans,  and  during 
the  season  2  or  3  from  Saint  Louis. 

Tlie  cotton  receipts  at  Jefferson  for  the  year  ending  August  31, 1877, 
was  45,000  bales.  Of  this,  31,000  were  forwarded  to  market  by  steam- 
boats, and  14,000  by  railroad. 

Amoiuit  of  sales  during  12  months: 

Groceries  and  produce f6HO,000  00 

Dry  goods ^50,000  00 

Hardware 120,000  00 

Groceries  and  dry  goods,  mixed 760,  (XH)  00 

Dru^s,  clothing,  &,c 260,000  00 

Machinery',  wagons,  &c .• 250,000  00 

Total 2,420,000  00 

# 
Money  statement 

July  1,  1877,  amonnt  available $9,900  73 

Amount  appropriated  by  act  approved  June  18,  1878 15,000  00 

^24,900  73 

July  1,  1878,  amount  expended  during  fiscal  year 9,854  32 

July  1,  1878,  amount  available 15,046  41 

Amount  (estimated)  required  for  completion  of  existing  project *  20,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    20, 000  00 


L5. 

REMOVING   SNAGS   AND   OTHER   OBSTRUCTIONS   FROM  RED   RIVER, 

LOUISIANA. 

No  work  has  been  done  on  the  lower  part  of  this  river  by  the  govern- 
ment with  a  view  to  make  it  such  a  navigable  stream  as  the  great  com- 
mercial interests  at  stake  would  warrant.  Above  Shreveport  the  oi>era- 
tions  of  removing  the  raft  have  tended  toward  keeping  that  section  of 
the  river  in  a  good  navigable  condition ;  below  Shreveport  nothing  what- 
ever has  been  done  in  the  way  of  improvement,  and  the  river  is  ftill  of 
snags,  wrecks,  and  sunken  logs,  (the  remains  of  the  old  raft),  and  the 
low-water  channel  is  greatly  endangered  by  overhanging  trees. 

Below  I  give  a  list  of  obstructions  that  will  give  some  idea  of  the 
amount  of  work  that  will  be  required  upon  the  river,  and  in  addition 
the  low- water  navigation  at  many  of  the  shoal  places  could  be  greatly 
improved  by  building  single  and  comparatively  inexpensive  wing-clams. 

By  act  approved  June  18, 1878,  the  sum  of  $25,000  was  appropriated 
for  snagging  purposes.  This  amount  is  sufficient  for  this  season's  work, 
but  operations  will  have  to  be  continuous  for  several  years,  and  I  esti- 
mate that  it  will  take  $175,000  (including  cost  of  steamer)  to  effect  the 
object  in  view. 

I  have  made  arrangements  to  send  the  snag-boat  Wagner  into  the 
river  for  a  short  season  and  remove  the  most  dangerous  obstructions. 

LIST  OF  OBSTRUCTIONS  TO  LOW-WATER    NAVIGATION    IN  RED  RIVER 
FROM  SHREVEPORT,  LOUISIANA,  TO  ITS  MOUTH. 

From  Shreveport  to  Coxtshatta^  a  distance  of  140  miles,  there  are  32 
vvTecks  of  steamboats,  21  of  which  are  more  or  less  in  the  way  of  uavi- 
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gation.  The  banks  show  very  many  projecting  logs,  and  there  are  also 
a  large  number  of  bad  log-piles  and  snags  in  the  river.  There  are  many 
hanging  trees  and  slides  from  the  banks ;  in  fact,  nearly  the  whole  dis- 
tance has  obstructions  to  low-water  navigation  and  needs  improvement. 

From  Coushatta  to  Campte^  a  distance  of  40  miles,  there  are  the  wrecks 
of  the  Illinois  Belle,  Selma,  Travis  Wright,  and  Dixie;  log-piles  at 
Joneses,  Brownsville,  Shortway,  and  Dixie  Eeach,  as  well  as  snags  and 
stumps  at  other  points. 

From  Campte  to  Chrand  Fcore,  a  distance  of  20  miles,  there  are  the 
wrecks  of  steamers  Gladiola  and  Glide ;  also  a  barge  of  machinery,  all 
in  the  middle  of  the  river  at  different  points.  There  also  some  very  bad 
snags,  log-piles,  and  stumps. 

From  Grand  Ecore  to  Upper  Falls^  a  distance  of  100  miles,  there  are 
the  following  obstructions:  Stumps  in  Opossum  Foot  Reach:  clay  lump 
below  Avoca  plantation;  logs  above  Ulster  wood-yard;  clay  lump  oppo- 
site Fairmount  plantation;  at  Deloache's  Rocks  in  middle  of  river ;  clay 
lump  below  Bismarck  Landing;  wreck,  lump,  stumps,  and  logs  in  Mira- 
beau  Reach ;  snags  and  logs  below  and  above  Colfax ;  lumps  near  Eureka 
Landing ;  logs  near  Ovid  Saint  Andre's ;  stumps  and  logs  below  and  above 
Diurand's  Landing :  very  bad  log-piles  below  and  above  High  Die  Landing ; 
snags  and  logs  below  Faveron's  Landing ;  very  bad  logs  and  some  snags 
at  O.  K.  Bar,  regarded  as  a  bad  place.  At  Prud  L'homme's  Lower  and 
Upper  Bends  and  Aicinity  navigation  is  extremely  dangerous  and  diffi- 
cult on  account  of  the  wrecks  of  steamers  Glasgow  and  Monsoon  being 
in  the  middle  of  the  river ;  it  is  also  very  loggy  and  stumpy.  Above 
and  below  Saint  Maurice  cut-off  there  are  some  very  bad  log  piles  and 
snags ;  logs  and  snags  above  Oammack's  plantation.  At  Tucker's  Reach 
there  are  several  crossings,  logs,  snags,  and  wreck  of  steamer  Homer. 
^Navigation  is  more  difficult  here  from  being  a  shoal  place  in  the  river. 
There  is  also  a  very  bad  log  pile  opposite  Butler's  Landing. 

Alexandria,  Upper  and  Lower  Falls. — ^The  river  is  very  shoal  and 
current  very  rapid,  with  crooked  channels.  There  are  two  steamboat 
shafts  on  the  Upper  Falls,  which  are  very  much  in  the  way  and  have 
caused  injury  to  several  boats. 

From  Alexandria  to  mouth  of  Bed  River,  160  miles. — ^There  are  snags 
and  logs  near  Negro  Point,  Barbin's  Landing,  Snaggy  Point,  Mrs.  Fer- 
guson's, Mrs.  Vaughan's,  Kanomie,  and  Grand  Bend.  There  is  also  a 
raft,  an  obstruction  dating  from  the  recent  civil  war,  which  is  very  bad 
and  dangerous,  and  there  are  other  points  in  its  immediate  vicinity 
which  could  be  greatly  improved  by  the  removal  of  stumps  and  logs. 
At  Rapian's  and  Grand  Point  clay  lumps  have  formed  in  the  middle  of 
the  river  by  slides  from  the  banks,  and  there  are  also  many  dangerous 
stumps  in  the  way.    This  place  needs  attention  verj^  badly. 

For  commercial  statistics  see  report  for  removing  raft  in  Red  River 
and  closing  Tone's  Bayou,  La. 

Money  statement 

Amount  appropriated  by  act  approved  June  18, 1878 $25, 000  00 

July  1,  1878,  amount  available 25,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 150, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1^0 . .    75, 000  00 
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L  6. 

raPROVEMENT  OF  THE  MOUTH  OF  RED  RIVER,  LOUISIANA. 

The  work  to  be  inaugurated  for  this  improvement  will  have  for  its  ob- 
ject the  keeping  open  of  a  navigable  channel  between  the  Red  Eiver  and 
the  Mississippi,  and  between  the  latter  and  the  Atchafalaya. 

At  the  present  time  the  condition  of  aftairs  is  such  that  at  low- water 
it  is  extremely  difficidt  for  steamers  to  enter  or  leave  the  mouth  of  the 
liver.  In  fact,  in  December,  1876,  a  number  of  steamers,  comprising 
three-fourths  of  those  plying  in  Red  River  and  its  tributaries,  were  de- 
tained unable  to  make  the  passage.  This  gradual  closing  of  the  river 
has  been  going  on  ever  since  1831,  when  Ca])tain  Shreve  made  his  cut- 
off, and  now  the  complete  separation  of  Red  River  and  its  tributaries, 
and  also  the  Atchafalaya  from  the  Mississippi,  is  threatened.  It  is  only 
a  question  of  time  when  it  wiU  be  an  accomplished  fact.  At  the  present 
time  at  low- water  the  upper  channel  aix)und  Tumbull's  Island  is  closed, 
and  the  only  remaining  connection  is  by  way  of  Lower  Old  River,  and 
in  tliis  latter  channel  the  greatest  obstruction  is  at  a  place  called  ''  The 
Gut.''  By  reference  to  the  map  transmitted  to  the  department  with  my 
letter  of  April  13,  last,  a  better  understanding  of  the  condition  of  af- 
fairs at  the  mouth  of  the  river  can  be  had.  The  government  has  never 
made  any  survey  of  the  locality,  and  the  data  obtained  upon  which  I 
ba^ed  the  estimates  heretofore  submitted  was  from  a  personal  examina- 
tion made  in  August  last,  and  from  information  and  rei)orts  obtained 
from  the  board  of  State  engineers  of  Louisiana. 

At  the  time  my  examination  was  made,  the  soundings  made  in  Lower 
Old  River,  in  the  vicinity  of  the  Atchafalaya,  show  how  great  the  difl'er- 
ence  is  in  the  depth  in  so  short  a  distance.  At  the  same  time  the  Atcha- 
falaya itself  is  deepening  very  greatly,  and  as  it  enlarges,  the  bar  oi)i)o- 
site  gradually  extends,  and  threatens  soon  a  condition  of  affairs  such 
that  at  low-water  the  volume  of  Red  River  will  be  entirely  absorbed. 
The  "  Gut"  is  near  the  place  where  the  greatest  difficulty  is  experienced 
at  low- water.  A  reference  to  the  sketch  above  referred  to  will  show  the 
depth  of  M'ater  through  that  passage  on  the  20th  of  August  last.  IXow, 
on  that  day  the  gauge  at  Red  River  Landing  read  12.05  above  low- water. 
Had  the  river  been  at  its  lowest  stage  it  is  presumed  "  The  Gut"  would 
have  been  dry  and  a  complete  separation  of  the  river  would  have  oc- 
curred. 

For  a  temporary  measure  of  relief,  the  plan  as  pursued  by  the  State 
engineers  of  Louisiana  last  year  was,  by  the  aid  of  a  couple  of  tugs  and 
a  steamer  lashed  together,  to  stir  up  the  mud,  and  thus  cut  a  channel 
through  "  The  Gut "  wide  enough  for  two  boats  to  pass.  As  a  tempo- 
rary^ measure  it  succeeded  very  well,  and  will  again  be  attempted  should 
ciicimistances  require. 

The  permanent  plan  as  recommended  is  to  build  a  dam  across  the 
channel  between  the  head  of  the  Atchafalaya  and  the  head  of  Tumbidl's 
Island,  thus  turning  the  water  of  Red  River  through  the  upper  channel 
into  the  Mississippi,  while  at  the  same  time  a  connection  between  the 
Mississippi  and  the  Atchafalaya  can  be  made  through  Lower  Old  River, 

The  estimate  I  presented  for  this  work  was  $300,000,  based  n\xm  my 
own  examination  and  upon  data  obtained  from  the  board  of  State 
engineers  of  Louisiana.  Now  that  lunds  are  availaljle  for  the  work,  I 
propose  imme<liately  to  have  an  examination  of  the  entire  locality  made 
(as  some  changes  have  undoubtedly  taken  place),  with  a  view  of  obtsun- 
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iug  all  possible  data,  when  a  full  plan  with  detailed  estimates  can  be 
presented,  and  the  method  of  carrying  on  the  work,  whether  by  hired 
labor  or  by  contract,  can  then  be  fully  determined  upon.  In  the  mean 
time,  even  before  the  work  is  fully  inaugurated,  it  might  be  necessaiy,  as 
a  temporary  means  of  relief,  to  resort  to  the  dredging  out  of  the  chan- 
nel, the  same  as  heretofore  carried  out  by  the  State  engineers. 

Money  statement 

Amount  appropriated  by  act  approved  June  18, 1878 , J150, 000  00 

July  1, 1878,  amount  available 150,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 150, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     150, 000  00 


L7. 

IMPROVEMENT  OF  THE   HARBOR  AND  OF  MISSISSIPPI  RIVER,  AT  MEM- 
PHIS, TENNESSEE. 

In  January,  1877, 1  made  a  survey  of  the  Mississippi  Eiver  and  harbor 
of  Memphis,  with  a  view  of  determining  the  best  means  to  protect  the 
wharf  and  landing  from  destniction  from  the  erosion  of  the  Mississippi 
Eiver,  and  in  February  I  presented  my  report,  with  plan  and  estimates, 
to  effect  the  object  in  view ;  this  plan  being  to  protect  the  caving  bank 
from  about  10  feet  above  low  water  to  the  maximum  depth  with  a  cover- 
ing of  brush  formed  into  proper  shapes  and  loaded  with  stone.  Tlie 
average  width  of  this  covering  will  be  about  175  feet,  and  the  length  of 
shore  to  be  protected  about  7,600  feet.  This  project  having  been  approved, 
I  propose  to  commence  operations  so  soon  as  the  stage  of  water  will 
permit.  Some  few  additional  examinations  will  be  mjuie,  as  since  the 
data  of  the  survey,  upon  which  the  plan  was  based,  some  changes  have 
taken  place  along  the  entire  front  of  the  city.  Brush  can  be  obtained 
in  quantities  in  the  immediate  vicinity  and  stone  can  be  had  from  North 
Alabama.  The  total  estimated  cost  of  this  improvement  was  $170,000, 
of  which  amount  $46,000  was  appropriated  by  act  approved  June  18, 
1878,  and  with  this  it  is  proposed  to  commence  at  the  mouth  of  Wolf 
Eiver,  and  work  down  slream,  as  this  portion  of  the  front  is  the  part 
really  needing  the  first  protection,  and  work  will  be  continuous  to  the 
extent  of  the  funds  available. 

If  future  appropriations  be  made,  the  whole  city  front  will  be  pro- 
tected in  like  manner. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $46, 000  00 

July  1,  1878,  amount  available 46,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 124, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  124, 000  00 


L8. 

IMPROVEMENT  OF  THE  HARBOR  AND  MISSISSIPPI  RIVER  AT  VICKSBURG, 

MISSISSIPPI. 

Tlie  Board  of  Engineers  constituted  by  Special  Order  Ko.  141,  A.  G. 
O.,  Washington,  D.  C,  June  28, 1877,  took  under  consideration  the  sub- 
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ject  of  the  preservation  of  the  harbor  of  Vicksburg,  and  rendered  a  re- 
port upon  the  same  with  plan  and  estimates  for  the  work.  This  report 
will  be  found  in  Senate  Ex.  Doc.  No  55,  Forty Hfth  Congress. 

The  Board  recommended  that  work  for  the  protection  of  the  harbor 
should  be  carried  on  in  the  following  order : 

1.  Protection  of  the  Delta  Point,  e«timated  cost $84,000  00 

2.  Construction  of  bar  dike,  estimated  cost 90,100  00 

3.  Dredging  inner  harbor,  estimated  cost 80,000  00 

Total  estimated  cost 254,100  00 

In  accordance  therewith  it  is  proposed  to  carry  on  the  work  in  the 
above  order ;  the  idea  being,  in  the  protection  of  the  Delta  Point,  to 
hold  the  deep  water  where  it  is  now,  as  the  continued  caving  of  the  point 
carries  the  whole  river  down  stream  and  farther  from  the  city  landing. 

The  plan  of  protection  is  to  cover  the  shore  above  the  Delta  Point  with 
brush  mattresses  loaded  with  stone,  this  covering  to  extend  from  low- 
water  mark  out  150  feet  along  the  bottom. 

Before  proceeding  with  the  work  it  is  proposed  to  make  an  examina- 
tion of  the  harbor  to  determine  what  changes,  if  any,  have  taken  place 
since  the  survey  upon  which  the  Board  based  their  plan  and  estimates. 

Money  statement. 

Amount  appropriated  by  act  approved  June  18,  1878 $84, 000  00 

July  1,  1878,  amount  available 84,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 170, 100  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  90, 000  00 


REPORT  OF  BOARD  OP  ENaiNEERS. 

Saint  Louis,  Mo.,  January  22, 1878. 

General:  The  Board  of  Engineers  constituted  by  paragraph  6, 
Spexjial  Orders  !N^o.  141,  from  Headquarters  of  the  Army,  Adjutant-Gen- 
eraPs  Office,  dated  Washington,  D.  C,  June  28, 1877,  to  examine  and 
report  upon  the  most  advisable  means  of  preserving  the  water-front  of 
Vicksburg,  and  of  arresting  the  danger  which  appears  to  be  appre- 
hended from  the  cut-off  opposite  .that  city,  having  l)een  reconvened  by 
its  president,  met  in  Saint  Louis  on  January  14, 1878. 

In  the  report  of  the  Board,  dated  July  20, 1877,  it  was  stated  that  the 
facts  then  in  their  possession  were  not  sufficiently  comprehensive  to 
enable  them  to  submit  either  a  definite  plan  or  estimate  for  accomplish- 
ing the  object  proposed  for  their  consideration.  In  ^iew  of  this  fact,  a 
committee  of  citizens  of  the  city  of  Vicksburg  undertook  to  have  such 
surveys  made  as  the  Board  deemed  necessary  for  a  full  understanding 
of  the  subject.  These  surveys  are  made  during  the  course  of  the  past 
season,  and  the  results  obtained  with  the  necessary  maps  and  profiles 
have  l)een  placed  at  the  dis^^osal  of  the  Board.  We  are  therefore 
enabled  to  submit  a  final  report  upon  the  subject. 

.  A  preliminary  report  of  tlie  Board  sets  forth  the  condition  of  affairs 
at  Vicksburg  at  the  date  of  their  visit.  Since  that  time  the  recession 
of  the  Delt-a  Point  has  been  steadily  progressing  as  well  as  the  caving 
of  the  Mississippi  bank  below  Vicksburg.  The  erosion  at  the  point  has 
been  at  the  rate  of  300  feet  a  month  during  the  flood  stages,  and  will 
probably  average  over  100  feet  per  month  tlm)ughout  the  year.  The  dry 
bar  below  the  point  moves  down  with  it,  and  has  already  extended  past 
the  landing  at  Delta. 

The  filling  up  of  the  harbor  of  Vicksburg  has  progressed  rapidly,  and 
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although  the  extreme  stage  of  low  water  wa«  not  reached,  the  soundings 
taken  about  the  middle  of  August,  1877,  showed  that  at  low  water  the 
bottom  of  the  river  would  be  diy  a«  far  up  as  Crawford  street,  between 
the  elevator  and  wharf-boat.  This  filling  in  has  been  going  on  ever 
since,  so  that  the  situation  of  affairs  is  really  much  worse  than  is  shown 
by  the  maps.  It  api)ears  from  the  soundings  and  from  float  observa- 
tions, that  a  considerable  quantity  of  water  thrown  off  from  the  main 
body  of  the  stream  follows  approximately  the  direction  of  the  shore-line 
above  the  Delta  Point,  and  striking  the  Vicksburg  shore  obliquely  is 
deflected  upstream  as  an  eddy  current,  having  along  the  city  front  a 
velocity  of  about  a  mile  an  hour.  The  water  thus  entering  the  lower 
end  of  the  harbor  flows  around  De  Soto  Island  and  out  at  the  upper  end 
of  the  lake.  The  action  of  this  eddy  current  has  been  to  cause  an  im- 
mense dejwsit  of  mud  in  the  harbor  itself  and  also  on  the  line  of  an 
ideal  prolongation  of  De  Soto  Island  towanl  Ryan's  saw-mill.  The  west 
end  of  the  old  bed  has  not  been  appreciably  silted  up,  all  the  deposits 
having  apparently  taken  pla<;e  in  the  portion  nearest  Vicksburg. 

It  api>ears  from  these  facts  that  if  at  the  time  of  the  cut-off  the  Delta 
Point  had  been  held,  this  mud-carrying  current  would  have  passed  up  to 
the  west  of  De  Soto  Island,  and  that  channel  would  have  been  silted  up 
and  closed,  as  is  usuaUy  the  case  with  these  cut-off  lakes. 

The  harbor  in  that  case  would  probably  have  remained  an  open  lake, 
having  a  narrow  passage  to  the  river  at  it«  lower  end ;  but  this  passage 
could  probably  have  been  enlarged  and  kept  open  by  a  moderate  amount 
of  dredging  annually.  As  the  case  actually  stoo<l,  however,  the  Delta 
Point  was  unprotected,  and  receded  rapidly  under  the  action  of  the  cur- 
rent^ so  that  the  water  thrown  off  from  the  main  body  in  the  direction 
of  the  old  channel-  instead  of  being  deflected  by  the  island  into  the 
Mv'-est  arm  of  the  lake,  was  allowed  to  strike  the  Vicksburg  shore  and  to 
be  by  that  means  directed  into  the  east  arm  of  the  lake  or  harbor  proper. 

Even  if  the  Delta  Point  were  held,  this  depositing  action  would  con- 
tinue until  the  bar  reached  the  surface  of  the  water  and  formed  a  new 
shore-line.  After  this  was  the  case  the  upper  or  we«t  arm  of  the  lake 
would  receive  the  deposit  and  would  soon  till  up.  The  continued  caving 
of  the  Delta  Point  carries  the  whole  river  downstream,  and  farther 
from  the  city  landing,  and  should  be  at  once  checked,  no  matter  what 
the  subsequent  plan  of  improvement  may  be,  for  a  continuance  of  this 
action  will  greatly  increase  the  ultimate  cost  of  any  plan  of  clearing  the 
entrance  to  the  harbor. 

The  Board  are  of  the  opinion  that  this  protection  should  cover  about 
7,000  feet  of  the  shore  above  the  Delta  Point.  The  plan  they  pr0i)O8e 
contemx)lates  a  double  row  of  brush  mattresses  each  75  feet  wide  by  100 
feet  in  length,  which  shall  be  sunk  against  the  bank  and  form  a  contin- 
uous revetment,  extending  fix)m  low- water  mark  150  feet  out  along  the 
bottom.  The«e  mattresses  should  be  two  feet  in  thickness  and  be  held 
in  place  by  a  light  covering  of  stone  or  other  heavy  material. 

The  next  thing  to  be  done  will  be  to  cut  off  the  e<idy  current  from 
the  harbor,  and  this  can  only  be  done  by  the  constnictiou  of  works 
which  will  form  an  artificial  prolongation  of  De  Soto  Island.  A  dike 
built  on  the  line  shown  on  the  map  would  answer  this  purpose  if  car- 
ried up  to  high- water  mark,  but  would  necessarily  be  very  costly.  It 
would  be  possible  to  build  it  in  installmentiii,  allowing  the  bar  to  fill  ui> 
around  it  and  then  raising  the  crest  until  the  desired  height  was  at- 
tained. But  either  method  would  be  exi)ensive  and  would  require  a  mass- 
iveness  of  construction  altogether  out  of  proportion  to  the  resistance  it  is 
expected  to  overcome.  The  object  desir^  is  to  obstruct  this  current  so 
as  to  induce  a  rapid  deposit  on  the  outer  slope  and  crest  of  the  bar. 
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This  end  would  be  a<5compli8h^  by  the  means  already  referred  to,  but 
it  is  desirable  that  less  expensive  ones  should  be  used  if  possible. 

For  this  reason  the  Board  recommend  the  employment  of  a  method 
which  has  been  successfully  used  in  India,  and  also  on  the  Missouri 
Eiver  at  Nebraska  City.  Long,  loose  bundles  of  brush  are  made, 
which,  when  completed,  are  forty  or  fifty  feet  long  and  five  or  six  feet 
in  diameter.  They  are  constructed  by  firmly  lashing  the  butts  of  the 
brush  to  a  small  rope,  which  serves  as  a  core,  and  when  completed  they 
are  anchored  along  any  line  selected,  so  as  to  fioat  approximately  up- 
right in  the  water.  The  free  end  is  to  be  buoyed  up  by  empty  barrels, 
and  bags  or  barrels  fiUed  with  clay  or  stone  will  serve  as  anchors. 
The  action  of  a  sufiicient  number  of  these  brush  ropes  is  to  check  the 
current  and  induce  a  rapid  deposit.  By  making  the  ropes  sufficiently 
long  they  can  be  made  to  reach  to  the  surface  of  the  water,  even  when 
in  flood,  and  will  thus  at  once  cut  off  the  eddy  current  which  carries 
the  mud  into  the  harbor.  The  Board  are  disposed  to  think  that  by 
the  use  of  this  simple  and  inexpensive  device  the  bar  may  be  raised  to 
such  height  that  a  dike  of  comparatively  small  dimensions  will  suffice 
for  the  protection  of  the  harbor. 

When  the  eddy  current  is  cut  off  from  the  east  arm,  it  will  probably 
flow  in  at  the  other  end  of  the  lake,  which  wiU  rapidly  silt  up,  and  this 
action,  while  in  many  ways  beneficial,  will  not  be  at  all  injurious  to  the 
harbor  of  Vicksbiurg.  There  will  then  still  remain  the  task  of  clearing 
away  the  mud  from  the  front  of  the  landing,  and  this,  although  exten- 
sive in  amount,  can  still,  owing  to  the  softness  of  the  material,  be 
dredged  out  at  comparatively  little  cost.  Aft-er  the  Delta  Point  has 
been  protected,  and  the  bar-dike  raised  to  high- water  mark,  it  is  proba- 
ble that  a  small  annual  outlay  will  be  required  to  keep  the  mouth  of  the 
harbor  open. 

The  attention  of  the  Board  was  urgently  called  to  the  plan  advocated 
of  opening  communication  between  the  Yazoo  River  and  the  head  of 
the  lake,  so  as  to  cause  the  Yazoo  to  flow  past  Vicksburg  and  keep  the 
harbor  open.  At  the  request  of  the  Board,  the  surveys  executed  by  the 
city  were  extended  so  as  to  embrace  the  various  lines  communicating 
with  the  Yazoo,  and  we  have  formed  estimates  of  the  cost  of  carrying  it 
out  by  three  different  routes.  The  discharge  of  the  Yazoo  at  low  water  is 
too  small  to  remove  the  immense  accumulation  of  mud  already  in  place, 
but  it  might  obviate  the  necessity  for  annual  dredging  if  the  works  al- 
ready described  were  once  completed.  To  carry  out  the  idea,  it  would 
be  necessary  to  dam  the  Yazoo  below  the  new  channel,  and  also  to  carr>- 
a  dam  across  the  west  arm  of  the  lake,  so  as  to  force  the  Yazoo  to  flow- 
past  Vicksburg. 

This  latter  operation  woidd  be  very  expensive  under  the  present  con- 
dition of  affairs,  but  the  cost  would  be  much  lessened,  if  not  done  away 
with  entirely,  if  the  other  works  recommended  were  first  constructed 
and  the  west  arm  of  the  lake  allowed  to  silt  up. 

The  first  route  examined  runs  through  Chickasaw  Bayou  and  McXutt's 
Lake;  the  second  through  Boat  Slough,  Indian  Camp,  and  Flat  Lakes; 
the  third  through  the  dead  end  of  Old  Biver,  Long  Lake,  and  Cat-Tail 
Bayou.  The  last  mentioned  is  the  shortest  and  most  desirable  route 
both  as  regards  expense  and  damage  to  property. 

The  Board  are  of  the  opinion  that  the  works  here  considered  should 
be  taken  up  in  the  following  order : 

1.  Protection  of  Delta  Point. 

2.  Constniction  of  bar-dike. 

3.  Dredging  out  of  inner  harbor. 

4.  Diversion  into  the  lake  of  the  Yazoo  River. 
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ESTIMATES. 

Meeetment  of  Delta  Point 

Ptotection  of  7,000  fdet  of  shor^'lint^,  by  mattress  revetmeut,  150  fbet  wide 

aud  2  feet  thick,  at  $12  per  linear  foot  of  bank |d4,  000 

ConstrticHon  of  dike  and  drcdgingi 
First  estimate : 
Cross-ilike,  40  feot  bigli  and  2,100  feet  long,  composed  of  brush 

and  stone  and  held  by  piles $42, 000 

Loiif^itudinal  dike,  40  feet  high,  3,000  feet  long,  built  as  above, 

but  wider 112,000 

Total  cost  of  dike  raised  to  average  high-water  mark 154,  000 

Dredging 4.... * 100,000 

254,000 

Second  estimate : 
Dike  built  in  installments,  20  feet  first  season,  and  raised  10  feet 
in  each  of  two  succeeding  sc^asOns ; 

First  sejiflon,  20  feet  high J73,  000 

Second  m^amm,  raised  10  feet « , 20,000 

Tliird  season,  raised  10  feet *. -.        20,000 

• ' 113, 100 

Dredging 100,000 

213, 100 

Third  estimate : 
Surface  of  bar  raised  by  system  of  brush  ropes,  and  dike  20  feet 
higli  built  on  top: 

Cost  of  brush  ropes , $17,000 

Dike  20  feet  high 73,100 

90, 100 

Dredging 80,000 

170, 100 

PiverHng  ike  Yazoo  JRivcr, 

Chickasaw  Bayou  route : 

Dam  across  Yazoo  River  below  mouth  of  Chickasaw  Bayott $88,  000 

Kxravation,  12,500,(K)0  cubic  yards,  at  20  cents 2, 500,  000 

Dam  across  Lake  Centennial 180,000 

2,763,000 

Boat  Slough  route : 

Dam  across  Yazoo  Kiver *.*        88,000 

Kxcavaticm,  11,350,000  cubic  yards,  at  20  cents 2, 270,  000 

Dam  across  Lake  Centennial 180,000 

2,538,000 

Long  Lake  route : 

Dam  across  Old  River 800,000 

Excavation,  6,500,000  cubic  yards,  at  20  cents 1, 300,  000 

Dam  sicross  Lake  Centennial 180, 000 

1,780,000 

Hecapitulation, 

Eevetment  of  Delta  Point $84,000 

Construction  of  dike,  third  estimate. •** 90, 100 

Dredging 80,000 

Total * 254,100 

I>iyision  of  Yazoo  River  by  Long  Lake  route..  •4..*«4r • 1,830,000 

41  E 
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The  following  appendixes  are  attached  to  this  report: 

A.  Copy  of  order  convening  the  board. 

B.  Preliniin«iry  report  of  July  20,  1877. 

C.  Copy  of  a  letter  addressed  by  the  board  to  the  chairman  of  the  citizens'  commit- 
tee of  the"  city  of  Vickaburg. 

D.  ('opy  of  order  reconvening  the  board. 

E.  Report  made  to  the  board  by  Mr.  T.  G.  Dabney,  C.  E.,  on  the  surveys  executed 
by  him  for  the  citizens*  committ4H"  of  the  city  of  Vick8l)urg. 

*  F.  Map  showing  harbor  of  Vicksburg  and  Yazoo  River,  with  proposed  routes  of 
communication.  Reduced  from  the  co]iy  furnished  by  the  citizens'  conmiittco  of  the 
city  of  Vicksburg.     Scale  1  inch  to  2,000  feet. 

G.  Map  showing  harbor  of  Vicksluirg  and  works  proposed  by  the  board.  Reduced 
from  the  copy  furnished  by  the  citizens'  committee  of  the  city  of  Vicksburg.  Scale  1 
inch  to  1,000* feet. 

AU  of  which  is  respeotfuUy  submitted,  by  your  obedient  servants, 

J.  H.  SrapsoN, 
Colonel  Engineers  and  Brevet  Brigadier-Oeneral^  President  of  Board. 

Chas.  B.  Suter, 

Major  of  Engineers. 
W.  n.  H.  Benyaurd, 

Captain  of  Engineers. 
Brig.  Gen.  A.  A.  HrxPHREYS, 

Chief  of  Engineers^  U.  8.  A. 


A. 

ORDER  CONATiXIXG  THE  BOARD. 

[Special  Orders  No.  141.] 

Headqi'arters  of  the  Army, 
adjvtivxt-gexeral'8  office, 

WahhingtoH,  June  26,  1877, 

[ExtTRCtl 

6.  By  direction  of  tlie  Secretary  of  War,  a  boanl  of  engineers,  to  consist  of  Col.  J.  H. 
Simx)son,  Maj.  C.  R.  Suter,  and  Cfipt.  W.  H.  li.  Bcnyaurd,  will  assemble  at  Vicksburg. 
Miss.,  on  the  17th  day  of  July,  1877,  or  as  soon  thereafter  as  i)racticable,  to  examino 
and  rejmrt  upcm  the  most  a<lviHable  moans  of  preserving  the  water-front  of  Vicksburg, 
and  of  arresting  the  danger  which  appears  to  be  apprehended  ft*om  the  cut-oft' opposite 
that  city. 

The  board  will  also  submit  such  estimates  as  may  be  thought  advisable  to  present 
to  the  early  ccmsideration  <)f  Congress. 

The  junior  member  will  act  as  recorder. 

«  «  «  *  «  «  » 

By  command  of  General  Sherman. 

Thomaa  M.  Vincent, 

As»i4t€mt  Adjuiant-Generdl. 
Official: 

L.  H.  Peix)I'ze, 

Atmutant  Adjutant-Gcnerdl, 

b; 

PREUMIXARY  REPORT  OP  THE  BOARD. 

Vicksburg,  Miss.,  Jul  if  20,  1877. 
Gexerai,:  The  board  of  engineers  con8titnte<l  by  paragrA^ph  6,  Special  Orders  No. 
141,  from  headcpiartcrs  of  the  Army,  Adjutant-General's  Office,  Wjishiiigton,  June  2t*, 
1H77,  to  examine  and  report  ui)on  the  most  advisable  means  of  preserving  the  water- 
front of  Vicksburg,  and  of  arn'sting  the  danger  which  appears  to  be  apnn3iended  from 
the  cut-off  oi>poBite  that  city,  have  the  honor  to  report  that  in  accordance  with  the 
above  orders  they  met  at  Vicksburg  on  the  17th  instant,  and  proceeded  to  investigate 
the  subject  committed  to  their  charge. 
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Tho  rapid  detorioration  and  threatened  destniction  of  their  harhor  since  tlie  fonna- 
tion  in  lt^6  of  the  cut-ott*  l)eloTr  the  town,  has  heen  a  matter  of  much  concern  to  the 
citizens  of  Vicksburg.  They  have  had  a  survey  execnted  of  the  harlwr  and  peninsula 
opj)OHite,  and  proiwjs©  to  make  otiier  surveys  which  are  needed  for  a  full  uuderstami- 
inij:  of  the  subject. 

Brierty  stated,  the  situation  is  as  follows : 

The  liri'ak  throujj^h  the  old  peninsula  is  now  alwnt  6,000  feet  wide,  the  upper  ed^e 
beinjj  opposite  a  point  in  Vicksburg,  midway  between  the  niariuo  hospital  and  the 
Prentiss  House.  The  cut  Is  rapidly  widening,  the  Ijonisiana  point  receding  toward 
Delta.  The  debris  washed  away  is  8we]>t  around  the  point,  and  fonns  a  large  bar,  dry 
at  ])reseut  stage  of  water  (35  ft»et  by  gauge),  and  extending  down  past  the  wharf-boat 
at  Delta.  The  low  gronnd  below  Vicksmirg,  receiving  the  direct  impact  of  the  tre- 
mendous cunvnt,  is  going  in  very  rapidly.  The  water-slope  is  over  6  inches  U>  the 
mile,  and  s(nindings  made  in  onr  p'l-esence  along  this  shore  failed  to  find  bottom  witli  a 
line  150  feet  in  length.  In  the  line  of  the  cut-oft'  a  great  bar  is  forming,  which  will  pnd»a- 
bly  be  dry  at  low-water,  and  will  extend  from  the  farther  Mississi^ipi  shore  across  the 
ends  of  the  lake  nearly  to  the  Vicksbnrg  wharf.  This  bar,  lying  directly  in  the  line  i)f 
high-water  deposits,  i's  sure  to  grow  very  rapidly,  and  t-o  be  composwl  oif  hanl  materi- 
als. Al»ove  the  point  where  the  current 'strikes  the  Vicksburg  shore  a  strong  eddy  st-ts 
upstream  along  the  wharf-front.  This  eddy  carries  up  vaat  quantities  of  mud,  and 
threatens  soon  to  fill  up  the  lower  end  of  the*  harbor. 

Acconling  to  some  soundings  made  by  citizens  interested  in  the  matter,  this  fill, 
during  the  ])ast  month,  amounts  to  8  or  10  feet,  and  the  present  depth  opposit<^  tlie 
wharf-boat  indieat*«  that  even  without  further  increments  the  liottom  will  l>e  l)are  at 
low-water.  Our  information  is  not  sufficiently  extensive  to  enable  us  to  say  definitely 
how  far  down  this  will  extend ;  but  it  seenw  probable  that  during  the  coming  low- 
wat«r  access  to  the  wharf-l)oat,  elevator,  and  in  fact  to  the  whole  water-front  will  be 
cut  off.  The  recession  of  the  Delta  Point,  about  600  feet  a  month,  will,  of  course, 
extend  this  mud-bar  downstream  at  a  corresponding  rat«. 

There  is  no  telling  where  this  recession  will  cejise,  but  it  is  probable  that  it  will  con- 
tinue nearly,  if  not  (jnite,  down  to  Delta,  about  a  mile  below  its  present  location.  Tht^ 
caving  of  the  bank  at  King's  Point  above  the  cut-off  and  of  the  shore  below  Vickn- 
burg  are  favorable  for  restoring  the  equilibrium,  but  unless  prevented  the  erosion  will 

J)robably  go  on  to  the  extent  indicated  at  least.  It  may,  therefore,  be  necessary  to 
i(»ld  this  ])oint ;  it  certainly  appears  so  at  present,  but  we  cannot  decide  definitely  on 
this  8ubje<'t  until  we  know  what  changes  may  take  place  at  low  water. 

The  all-important  jwint  of  keejung  open  the  harbor  of  Vicksbnrg  has  been  consid- 
ered by  us  JUS  well  as  the  meager  information  at  our  command  would  allow ;  but  at 
])re8ent  we  can  only  state  the  necessity  of  maintaining  a  dredged  channel  seems  inevi- 
table. A  j)ropo8iti'on  advanced  meets  muoh  favor  here,  viz,  to  tuni  the  Yazoo  Riv^r 
down  Chickasaw  Bayou,  and  bring  it  into  the  lake  near  the  national  cemetery,  witli  a 
view  to  keeping  the  harbor  ojmju.  Careful  surveys  and  measuivments  will  be  needt-d 
t<»  decide  this  ]M>int,  and  until  we  liave  these  data  we  cannot  give  a  decided  opinion. 
If  this  can  be  d(me  without  injurv'  to  the  navigation  of  the  Yazoo,  the  infiux  of  that 
stream,  if  properly  controlbnl,  mi^ht  at  least  prevent  the  entrance  of  the  mud-deposit- 
ing eddy  current  from  the  Mississippi,  and  to  that  extent  maintain  an  open  harimr ; 
but  we  do  not  believe  that  it  would  supersede  the  necessity  of  dredging  at  its  contin- 
ence with  the  Mississippi. 

The  citizens  of  Vicksburg  propose  to  make  the  required  examinations  and  to  furnish 
ns  with  the  results.    We  have  tiierefore  conclndwl  to  adjourn  until  we  are  put  in  juss- 
session  of  this  in fonn.it ion,  when  a  full  report,  with  estimates,  will  be  forwarded  to 
you  for  the  consideration  of  Congress. 
All  of  which  is  respectfully  submitted. 

J.   H.   SiMPSOK, 

Colonel  Engineers,  Brevet  Bngadier-General  U.  S,  A.^  rremdent  of  Board. 

Cha8.  R.  Suter, 

Major  of  Enqlneers, 
W.  H.  H.  Bexyaiki), 

Captain  of  Engineers, 
Brig.  Gen.  A.  A.  Ht'MPHiiKYS, 

Chiif  of  Engineers  U,  S,  A, 

C. 

LETTER  ADDRESSED  BY  THE  BOARD  TO  THE  CHAIRMAX  OF  THE  CITIZEXS'  COMMITTEE 
OF  THE  CITY  OF  VICKSBURG. 

Vicksburg,  Miss.,  July  20,  1S77. 
Dear  Sir  :  The  Board  of  Engineers  directed  by  the  Secretary  of  War  to  examine  and 
reiwrt  upon  the  most  advisable  means  of  preserving  the  wat«r-firont  of  Vicksburg,  ap- 
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preciating  the  great  importance  of  the  question  to  the  city,  and  defiiriug  to  arrive  at 
Mome  proper  sohition  at  as  early  a  day  as  practicable  for  the  consideration  of  Congress, 
wish  to  state  that  at  the  present  time  they  have  not  suflicient  data  at  their  conmiaud 
for  so  full  and  complete  an  investigation  as  a  subject  of  so  much  importance  demandH. 

As  no  funds  were  furnished  the  Board  with  which  to  make  the  necessarj'  surveys  and 
examinations,  it  is  respectfully  requested,  if  within  the  jjower  of  your  committee,  that 
the  surveys  alrea<ly  commenctMl  by  you  be  continued  so  as  to  embrace  all  the  iM)ints 
eunmerated  below,  and  the  information  be  furnished  at  the  earliest  date  practicable. 
The  Board  will  then  be  in  a  condition  to  consider  the  subject  in  all  its  bearings,  with 
the  hope  that  some  plan  may  be  devised  for  the  protection  of  the  water-front  of  your 
city. 

There  will  be  required  a  survey  of  inner  harbor  from  national  cemetery  to  point 
where  bank  begins  caving,  showing  cross-sections  of  water-way,  the  distances  apart 
increa.sing  toward  the  upper  end,  say  four  sections  below  Crlass  Bayou  and  two  alxivc ; 
one  section  from  old  ])oint  of  peninsula  to  bight  of  bend;  two  sectiiuis  on  upper  side 
of  island  at  end  nearest  the  Mississippi.  Each  cross-section  should  have  at  least  thirty 
well-ilistributed  soundings. 

Shore-line  of  Louisiana  Point  and  low  ground  below  Vicksbiirg  at  low-water. 

Outlines  of  principal  him  at  present  stage  and  at  low-water. 

Longitudinal  prohle  at  present  stage  and  at  low-water  of  water-surface  along  Lon- 
isiana  Point,  from  one  mile  above  the  point  at  Delta,  following  the  channel-line,  with 
locate<l  soundings  on  same  line. 

Cross-sections  of  the  Mississippi  River  at  pre.sent  stage  and  at  low-water,  say  one 
section  back  of  Delta;  one  from  point  to  opposite  side  of  Cut-off;  one  frcnu  point  to 
Vicksburg  shore  running  across  the  bar ;  and  one  more  half-way  down  to  Delta. 

Current^olwervations  with  floats  to  show  direction  and  velocity  of  currents  into  and 
through  the  inner  harbor,  both  at  pre«»nt  stage  and  at  low- water. 

Survey  from  head  of  lake  to  Yazoo  River  along  Chickasaw  Bayou,  &c.,  and  up  the 
Yazoo  to  Snydei-'s  Bluff.     This  should  be  miule  at  low- water. 

Careful  pn)tile  along  whole  route,  with  profile  of  Yazoo  River  from  head  of  survey 
to  head  of  proi)ose<l  cut. 

Cross-section  and  measured  discharge  of  Yazoo  River  at  low-water. 

Cross-sectiim  of  Yazoo  at  site  of  proposed  <lam. 

Sections  along  the  bayou  and  route  to  show  amount  of  cut  required. 
Veiy  respectfully,  your  obedient  servant, 

J.   H.   SlMPfiON, 

Colonel  of  Engineersy  Pretfident  of  the  Hoard 
To  Mr.  J.  F.  Baum, 

Cltainnan  Citizent?  Committee, 


D. 

order  reconvexing  the  board. 

Engineer's  Office,  United  States  Army, 

Saint  Louky  Mo,^  January  10,  1878. 
The  board  of  engineers  constituted  by  Special  Onlers  No.  141,  Headcpiarters  of  the 
Army,  Adjutant-Geuerars  Office,  dated  Jnne  28,  1877,  will  reassemble  at  Saint  Louis, 
Mo.,  on  the  14th  day  of  January,  187ri,  **to  examine  and  report  upon  the  most  advis- 
able means  of  preserving  the  water-front  of  Vicksburg  and  of  arresting  the  danger 
which  appeal's  to  be  apprehended  from  the  cut-off  opposite  that  city." 

J.  *H.  Simpson, 
Colonel  of  Engineers,  President  of  the  Board, 


REPORT  OF  MR.  T.  G.  DABXEY,  CIVIL  ENGINEER. 

Vicksburg,  Miss.,  January  10,  1878. 
Gentlemen  :  In  compliance  with  the  request  contained  in  your  letter  of  July  20  last, 
to  the  citizens*  committee  of  the  city  of  Vicksburg,  that  additional  8nr\'ey8  and  ex- 
aminations be  made  for  the  purpose  of  affonling  information  which  would  enable  you 
to  determine  upon  some  practicable  plan,  if  possible,  for  the  preservation  of  Vicksburgs 
wrat<»r-front,  I  have  the  honor  to  report  that,  having  been  authorized  and  employt»d  ny 
the  city  authorities  to  execute  the  work  required  to  be  done,  I  proceeded  at  once  to  do 
so,  and  having  made  the  examinations  specifically  indicated  in  your  letter  above  re- 
ferred to,  I  extended  my  oi>erations  further,  with  your  approval, 'so  as  to  comprehend 
more  ground  and  cover  a  wider  field  of  inquiry. 
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The  mofit  prominent  featnre  in  the  work  reqnired  appeared  to  be  the  examination 
of  tlie  Yazoo  River,  to  ascertain  its  volume  of  discharge  at  low- water,  the  profile  of  ita 
8urfa<>e  along  the  lower  reaches,  and  to  examine  the  channels  of  Chickasaw  Bayon  and 
MeNutt's  Lake,  with  a  view  to  detennining  if  it  were  feasible  and  expedient  to  divert 
the  Yazoo  River  from  its  present  course  through  those  channels  into  tbe  newly-formed 
lakp  at  Vicksburg,  so  as  to  cause  its  waters  to  flow  through  the  harbor  and  by  the 
landing  of  the  t()wn,  and  also  to  ascertain  the  cost  of  such  w'ork. 

I  therefore  made  a  careful  examination  with  this  object,  and  then  examined  a  num- 
ber of  other  possible  routes  through  which  the  Yazoo  might  be  made  to  pass,  to  wit : 
One  embracing  Thompson's  Lake;  another  embracing  Boat  Slough,  Indian  Camp,  and 
Flat  Lakes;  another  through  the  "Dead  Eud^*  of  Old  River,  Long  Lake,  and  Cat-Tail 
Bayou ;  and  a  fourth  through  Bamett's  Lake  and  Willow  Bayou. 

These  lakes  and  channels  were  all  carefully  sounded,  and  cross-sections  made  where 
it  was  deemed  desirable  to  have  them.  There  were  also  lines  of  levels  taken  along 
all  the  various  lines  of  survey  connecting  the  Yazoo  River  with  the  lake  at  Vicksburg 
and  the  interlying  lakes  and  channels. 

A  traverse  line  was  carried  along  the  bank  of  the  Yazoo  from  Snyder's  Bluif  to  its 
mouth,  and  along  Old  River  to  the  Mississippi,  and  thence  along  the  left  bank  of  the 
latter  to  King's  Point,  where  it  connected  with  the  system  of  triangulation  previouslv 
made,  which  covered  the  lake  and  river  in  the  viciiiity  of  Vicksburg  and  Delta.  Afl 
of  the  other  convergent  lines  of  survey  from  the  Yazoo  also  connectecLwith  the  harbor 
system.  The  traverse  along  Yazoo  and  Old  Rivers  was  made  to  take Tn  both  banks  by 
deflections  on  flags  set  on  the  opposite  sides.  The  profile  of  the  Yazoo  was  also  carried 
down  to  it«  mouth  and  through  Old  River  to  the  Mississippi,  and  down  the  latter  to 
the  landing  at  Delta. 

At  a  point  on  the  right  bank  of  Old  River,  about  four  miles  above  its  entrance  into 
the  Missis.sippi,  the  latter  had,  by  caving  away  the  east  bank  in  the  bend  outside  of 
Pawpaw  Island,  approached  to  a  distanco  of  only  275  feet  from  the  other.  The  ditter- 
ence  in  the  elevation  of  the  water  was  found  to  be  1.10  feet  in  favor  of  the  Mississippi. 
This  difference,  at  a  much  higher  stage  of  water,  was  nearly  double  the  above  figure, 
being  2.05  feet.  The  respective  stages  were  15  and  42  feet  above  low  water.  It  had 
been  suggested  that  a  part  of  the  water  from  the  Mississippi  might  be  made  available 
by  an  excavation  through  this  narrow  neck.  I  therefore  ran  a  line  from  this  point 
acro8.s  the  peninsula  formed  by  the  two  ends  of  Old  River  to  a  point  opposite  the  west- 
em  end  of  Long  Lake. 

It  is  proper  to  observe,  however,  that  the  Mississippi  has  almost  forsaken  the  bend 
on  this  side  of  Pawpaw  Island  for  the  shorter  route  west  of  it — one  of  the  consequences 
of  the  Vicksburg  Cut-off" — and  this  bend  is  shoaling  up. 

The  difference  in  elevation  of  the  surface  of  water  in  the  Yazoo  and  that  in  the  lake 
at  Vickslmrg  varied  very  little  on  the  several  lines  examined,  as  the  fall  in  the  Yazoo 
was  very  slight  with  the  then  prevailing  relative  stage  in  the  Mississippi.  The  max- 
imum difference  was  found  to  be  1.67  feet,  which  is  not  sufficiently  great,  in  my  opin- 
ion, to  endanger  the  navigation  of  that  stream,  if  it  should  be  turned  along  any  of 
those  lines  into  the  Vicksburg  Harbor. 

The  profile  of  the  Yazoo,  as  determined  by  my  observations,  has,  I  think,  but  little 
significance,  since  it  is  so  easily  influenced  by  the  relative  stage  in  the  Mississippi  that 
a  rise  or  fall  in  the  latter  would  eff'ect  important  modifications  in  the  former. 

Upon  gauging  the  flow  of  the  Yazoo  at  two  diff'erent  stages,  to  wit,  6  and  10  feet 
alwve  low- water,  the  discharge  was  found  to  be  respectively  3,667  and  3,371  cubic  feet 
per  second. 

All  elaborate  system  of  soundings  was  made,  covering  the  harbor  and  lake  at  Vicks- 
burg and  the  Mississippi  River  from  King's  Point  above  to  the  Delta  Landing  below. 
There  was  found  to  be  a  reversed  current  running  through  the  harbor  and  lake,  enter- 
ing at  the  lower  end,  passing  along  in  front  of  the  town,  rounding  the  northern  end 
of  the  island,  and  thence  passing  into  the  river  again  throngh  the  upper  end  of  the 
lake. 

This  current  from  Ryan's  Mill  to  the  Cotton  Compress,  a  distance  of  2,300  feet,  has  a 
velocity  (mean)  of  1.81  feet  per  second,  and  from  the  compi-ess  to  the  numth  of  Glass's 
Bayou,  4,600  feet,  the  mean  velocity  is  1.10  feet  i>er  second;  the  stage  of  water  being  17 
feet  above  low  water.    The  velocity  is  greater  for  a  higher  stage  and  less  for  a  lower. 

After  passing  Glass's  Bayou  the  velocity  diminishes,  until,  having  reached  the  large 
volume  of  water  at  the  northern  end  of  the  island,  its  further  progress  can  scarcely  be 
perceived,  but  becomes  more  marked  with  the  reduced  section  as  it  approaches  the 
southern  end  of  the  island  on  the  ui)i)er  side  and  passes  out  into  the  main  cun'eut  of 
the  river. 

Subsequent  observations  here,  with  the  water  24  feet  above  low  water,  showed  a 
velocity  of  0.54  foot  \h^v  second  from  a  i)oint  5,000  feet  above  the  lower  end  of  the 
island  uutil  it  came  within  the  influence  of  the  main  current. 

This  stream  of  water  conveys  a  large  quantity  of  mud  and  sand,  held  in  suspension, 
into  the  harbor,  nearly  the  whole  of  which  is  x^recipitated  iu  fiont  of  the  lauding.    This 
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rpsult  is  decidedly  shown  by  the  nonndings  taken  and  by  the  different  color  of  the  water 
after  I'eacliiug  the  upper  end  of  the  iuland. 

Tliere  is  a  large  area  of  the  harbor  upon  which,  at  the  date  of  the  soundings  taken, 
fr«)ni  the  13th  to  the  20th  of  August  last,  the  bottom  had  been  raised  to  the  level  nf 
the  low-water  plane,  and  a  portion  considerably  above,  indicating  a  deposit  of  about 
50  feet  in  depth  since  the  cut-off,  which  occurred  April  27,  1876.  This  area  occupies 
that  portion  of  the  harbor  immediately  in  iront  of  the  lauding,  and  extends  entirely 
across  to  the  island. 

The  point  of  the  Delta  Peninsula  was  found  to  have  rec^'ded  by  ca^i-ug  975  feet  from 
the  luiudle  of  March  to  the  middle  of  August  last«  This  period  covered  a  little  niorc^ 
than  one-half  of  the  rapidly-caving  stage. of  the  river,  so  that  the  average  rate  per 
month  for  the  whole  year  may  be  taken  at  about  125  feet. 

In  view  of  the  enormous  deposit  going  on  in  the  harbor,  together  with  the  rapid  re- 
cession of  the  main  channel  in  conse<iuence  of  the  caving  of  Delta  Point,  it  is  not 
difficult  to  conjecture  what  will  be  the  fate  of  Vicksburg's  commerce  at  a  time  in  the 
iw'.ar  future  if  these  baleful  agencies  are  not  speedily  arrested.  And  I  will  here  take 
the  liberty  to  urge  especially  the  importance  of  prompt  measures  to  check  the  further 
encroachment  of  the  river  upon  Delta  Point,  the  ettect  of  its  continuance  being  to 
greatly  increase  the  difficulties  to  be  encountered. 

I  submit  herewith  a  map  showing  acciu-ately  the  positions  of  Vicksburg  and  delta, 
with  the  harbor jind  river  adjacent;  the  Yazoo,  Old  River,  and  the  Mississippi  from 
Snyder's  Bluff  toMelta,  and  all  the  lakes,  bayous,  old  channels,  and  other  features  con- 
tiguous to  the  lines  of  survey.  Also,  the  soundings  talu^n  in  tne  Mississippi  River  and 
harbor,  Old  River,  and  the  various  lakes  examined,  with  profiler  of  the  different  lines 
of  Hurvcy,  and  cross-sections  of  Yazoo  River,  Chickasaw  Bayou,  McNutt's  Lake,  and 
other  channels. 

I  hope  all  the  information  has  been  afforded  that  you  may  find  necessary  to  enable 
you  to  reach  a  solution  of  this  problem,  which  is  of  so  great  importance  to  the  com- 
mercial and  other  interests  of  the  city  of  Vicksburg. 

It  may  not  be  improper  to  remark  that  the  destruction  of  Vicksburg's  harbor  closes 
access  by  water  to  the  national  cemet-ery,  a  work  which  has  required  a  large  exepndi- 
ture  of  money,  and  which  has  been  brought  to  such  perfection  of  symmetry  and  lu^auty 
that  it  should  be  a  matter  of  national  pnde  to  preserve  to  it  the  position  originally  de- 
signed in  the  selection  of  its  location,  overlooking  the  great  national  highway  of  com- 
merce, which  washes  its  outer  wall  with  the  waters  colTectetl  from  thre^-fourths  of  th« 
Uuion.  i)ossibly  bearing  mementoes  from  every  homestead  of  the  poor  fellows  who  lie 
there  m  eternal  sleep  where  they  fell  in  the  service  of  their  countxy. 

I  am  indebted  to  my  assistant,  Mr.  Horace  M.  Marshall,  civil  engineer,  for  carefal 
and  accurate  levels  taken  by  him  and  for  other  important  service  rendered. 

Respectfully  submitted. 

T.  G.  Dabxey, 

Civil  Enjfineer. 

GeneralJ.  H.  Simpson, 

President  of  Board  of  United  States  Engineers, 


Lr  g. 

AVATER-GAUGES  ON  THE  MISSISSIPPI  RIVER  AND  ITS  PRINCIPAL  TRIBU- 
TARIES. 

As  there  was  no  appropriation  for  last  year,  the  observations  of  the 
rise  and  fall  of  the  river  were  contiuued  at  nearly  all  of  the  gauges  until 
the  funds  were  exhausted,  which  was  in  October.  Many  of  the  observ- 
ers, however,  continued  taking  the  readings,  and  sent  them  to  tliis  office 
without  compensation,  whereby  we  were  enabled  to  keep  a  continuous 
record  of  the  stage  of  water  on  all  of  the  rivers. 

Ko  repairs  could  be  made  to  the  gauges,  many  of  wluch,  especially 
those  on  the  Lower  Mississippi,  are  in  bad  condition,  and  temporaiy 
means  had  to  be  resorted  to  to  keep  up  the  readings. 

The  gauges  needing  repairs  are  those  at  CarroUton,  Florence,  Ilelena, 
Jacksonpoii:,  Lake  Providence,  mouth  of  White  Kiver,  !N^atchez,  and  lied 
Eiver  Landing.    All  the  others  are  in  good  condition. 

During  the  coming  season  a  thorough  inspection  will  be  made  of  all 
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the  gauges,  and  such  as  need  it  will  be  repaired.    The  observations  will 
be  continued  at  all  the  stations. 

The  observers  are  the  same  as  those  mentioned  in  previous  reports, 
except  here  at  Memplxis,  where  the  records  were  kept  by  this  office. 

Hydrographs  of  all  the  gauges  were  finished,  and  we  now  have  a  com- 
plete set  from  the  date  of  estabUshment  to  the  i)re8ent  time. 

Copies  of  the  gauge-records  for  the  yeai'  ending  June  30,  1878,  are 
transmitted  herewith. 

Money  statement 

July  1,  1877,  amount  available $1,668  24 

Amount  appropriated  by  act  appro vetl  June  18,  1878 5, 000  00 

$6, 668  24 

July  1, 1878,  amount  expended  during  fiscal  year 1, 668  24 

July  1, 1878,  amount  avilable 5,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    5, 000  00 
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ANNUAL  REPORT  OF  MAJOR  CHARLES  R.  SUTER,  CORPS 
OF  ENGINEERS,  FOR  THE  FifeCAL  YEAR  ENDING  JUNE 

30,  1878. 

United  States  Engineer  Office, 

Saint  LoiiiSj  Mo.y  July  31,  1878. 
General  :  I  have  the  honor  to  submit  herewith  my  annual  report 
upon  the  operations  committed  to  my  charge  during  the  fiscal  year  end- 
ing June  30, 1878. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

CHAS.   R.   StJTER, 

Major  of  EngineerB. 
Brig.  Gen.  A.  A.  Hit^iphreys, 

Chief  of  Engineers^  U.  8.  A, 


Mi. 

REMOVING  SNAGS  AND  WRECKS  FROM  THE  MISSISSIPPI,  MISSOURI,  AND 

ARKANSAS  RIVERS. 

In  my  last  annual  report  it  wa«  stated  that  the  small  balance  remain- 
ing of  the  appropriation  made  by  act  approved  August  14, 1870,  and 
allotted  to  this  work,  would  be  held  for  the  care  of  the  boat«  and  other 
property  belonging  to  the  work  until  such  time  as  Congress  should  make 
a  new  appropriation  for  carrying  it  on.  Subsequently,  however,  it  was 
decided  by  the  department  that  it  would  be  expedient  to  devote  a 
month's  snagging  operations  to  the  Missouri  River,  and  in  accordance 
with  your  instructions  the  snag-boat  Maeomb  was  detailed  to  perform 
this  duty.  The  whole  fleet  was  then  laid  up  in  ortlinary  until  Congress 
passed  a  special  approi)riation  for  this  service  of  $40,000  (act  approved 
Febniary  7,  1878).  As  soon  as  two  boats  coidd  be  fitted  for  the  field, 
the  Macotnb  was  sent  to  the  Missouri  River,  and  the  De  Russy  to  the 
Mississippi.  Subsequently  the  Macomb  wa«  transferred  to  the  Arkan- 
sas, and  both  boats  were  kept  at  work  as  long  as  the  funds  available 
would  allow. 

MISSISSIPPI  RIVER. 

Work  on  this  stream  was  carried  on  by  the  snag-boats  De  Russy  and 
Macomb,  and  extended  from  the  mouth  of  the  Missouri  to  Vicksburg, 
846  miles.    Three  and  a  half  months  were  devoted  to  tliese  operations. 

The  snag-boat  De  Russy  left  Moiuid  City,  111.,  March  10, 1878,  and 
began  work  at  Cairo,  proceeding  downstream.  On  the  23d  of  March, 
she  reached  Memphis,  and  worked  upstream  again  to  Cairo,  reachuig 
that  point  April  3.  She  then  started  down  the  river,  reaching  Vicks- 
burg, Miss.,  on  the  28tli  of  April.  She  then  worked  up  the  river,  reach- 
ing Mound  City,  111.,  on  the  27th  of  May,  and  was  at  once  laid  up. 
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The  snag-boat  Macomb,  after  leading  Missouri  Kiver  on  the  30tli  of 
October,  1877,  cleared  tlie  Mississippi  of  snags  as  far  down  as  Cairo. 
Time  occupied,  9  days.  On  leaving  Mound  City  for  the  Missouii,  March 
11, 1878,  9  days  were  devotedby  the  Macomb  to  clearing  the  channel  be- 
tween Cairo  and  the  mouth  of  the  Missouri  Eiver,  and  subsequently,  in 
April  and  May,  13  days  were  devoted  to  snagging  between  Saint  Louis 
and  Memi)his. 

Talle  of  icork  done  in  ike  MissMBtppi  River, 


ITame  of  T)Ott 

Xumber  of  snags 
pulled. 

Weight  in  tons 
of  2,(XM)  i)0imd8. 

Number  of 
trees  cut. 

Drift.piles 
removed. 

Xuml>er  miles 
run. 

E.  E.  De  Knmy 

742 
147 

17,07L7 
2, 123. 6 

3,104 

943 

1 

1,790 

J.N.Macomb 

Total 

843 

889 

19,195.3                 3,346 

1 

2,633 

MISSOURI  RIVER. 

The  snag-boat  Macomb  was  assigned  to  this  river,  and  one  and  one- 
half  months' work  accomplished,  the  operations  extending  from  the  mouth 
to  Lexington,  317  miles. 

The  Macomb  left  Mound  City  October  10. 1877,  entered  the  Missouri 
Eiver  October  15,  and  on  the  26th  turned  oack  from  Sandy  Hook,  165 
miles  from  the  mouth.  She  left  Missouri  Kiver  on  the  30th  of  October, 
and  was  laid  uj)  at  Mound  City  November  8, 1877. 
»'  The  Macomb  again  left  Mound  City  March  11, 1878,  entered  the  Mis- 
souri March  20,  and  worked  up  to  Lexington,  317  miles  from  the  mouth. 
She  turned  back  from  this  point  on  the  13th  of  Ai)ril,  and  left  the  Mis- 
souri April  19,  on  her  way  to  Arkansas  Eiver. 

Table  of  work  done  in  the  Missouri  Eiver, 


Kanxe  of  boat. 

DrifUpiles 
remored. 

Xo.ofmUci 

jr.  N.Macomb - 

893          3,361.3 

12 

1,328* 

ARKANSAS  EIVER. 

The  snag-boat  Macomb  was  assigned  to  this  river.  Her  operations 
extended  from  the  mouth  to  Little  Eock,  280  miles,  and  covered  a  period 
of  two  months. 

The  boat  entered  Arkansas  Eiver  May  3, 1878,  and  had  worked  up  to 
Little  Eock  May  12.  She  then  worked  down  to  Knott's  Landing,  and 
on  the  20th  again  started  up  stream,  reaching  Little  Eock  on  the  24th  of 
May.  She  then  worked  down  to  Pine  Bluff,  and  returned  to  Little  Eock 
June  13.  She  then  started  to  work  down  the  river,  and  entered  the  Mis- 
sissippi June  26.  June  30  she  wfis  at  Wiggins  Landing,  26  miles  below 
Cairo,  en  route  to  Mound  City,  111.,  to  be  laid  up. 

Tahle  of  toorJc  done  in  the  ArkansM  JRiver, 


2i  ame  of  boat. 

5| 

^1 

1 

•3 -J 

J.K.Macomb 

430 

CS  840.3 

i.m 

U 

1,52T 
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Recapitulation  of  vmrk  dttritty  thefiteal  year  ending  June  30,  1878. 


Name  of  rirer. 


•si 

r 


1:5 


^fiRfllnwinpl  Hiver 
Miswrnn  Blver. . , 
Arkauiuu)  Klver.. 

Total 


430 


19, 105. 8 
3, 361. 3 
5,346.3 


3,846 


1,177 


1, 712 


27, 002. 0 


4.523 


24 


2,833 
].328i 

1.527 


5,4«6i 


OPEBATIONS  FOE  THE  COMINa  SEASON. 

The  liberal  scale  upon  which  appropriations  were  made  this  year  will 
enable  us  to  set  about  the  much-needed  work  of  renewing  our  working- 
fleet.  Two  boats  will  be  taken  in  hand  at  once,  and  it  is  ho]>ed  that  with 
some  assistance  from  next  year's  appropriation  we  will  have  them  ready 
for  the  field  by  June  30. 1879.  Meanwhile  the  only  two  boats  which 
remain  available  will  be  Kept  at  work  for  so  much  of  the  season  as  may 
be  necessary,  the  plan  approved  by  you  contemi)lating  the  following 
allotment  of  work : 

Missiftsippi  River ^ 11  months. 

ArkaiLsoH  River • 3  months. 

Missouri  River 8  months. 

To  bring  our  fleet  up  to  full  efficiency  it  will  be  necessary  to  pro\ide  for 
renewing  one  more  boat  and  for  repairing  another  and  fitting  her  up  for 
the  removal  of  wrecks. 

The  work  ia  situated  in  the  coUection-district  of  New  Orleanfi.  The  amonnt  of  rev- 
enue coUected  at  the  pott  of  Saint  Louis.  Mo.,  during  the  fiscal  year  ending  June  30, 
1878,  was  ^1,562,723.93. 

The  commerce  benefited  by  the  work  is  that  of  the  entire  ^^fississippi  YaUey. 

BSTIMATS  OP  AMOUNT  REQUIRED  FOR  FISCAL  YBAR  ENDING  JUNE  30,  1880. 

For  building  one  small  iron-hulled  snag-boat  to  carry  machinery  of  one  of 
the  pi-esent  wotnlen  boats $105,000  00 

For  repairing  one  wooden  snag-boat  and  fitting  it  up  for  wrecking  pur- 
poses       50,000  00 

For  completion  of  the  two  iron  snag-boats  now  authorized 30, 000  00 

For  working  expenses  of  5  boats,  10  months,  each  at  ^,000  per  month 200, 000  00 

Total 385,000  00 

Money  statement 

July  1,  1877,  amount  available ', 89,174  79 

Amount  ai)proi>rittted  by  act  approved  February  7,  1878 40,  000  00 

Amount  appropriated  by  act  api)roved  June  18,  1878,  viz : 

For  Mi««i88ipi>i  and  Arkanaaa  Rivers >170, 000  00 

For  Missouri  River 70,000  00 

240,  000  00 

et289,174  79 

July  1,  1878,  amount  expended  during  fiscal  year 39,  037  44 

July  1,  1878,  amount  avaUable 250,137  35 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880,  viz : 

For  Mississippi  and  Arkansas  Rivers * ^60,000  00 

ForMiasouri  River 125,000  00 

385, 000  00 
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M2. 

BIPROVEMEXT  OF  MISSOURI  RIVER  AT  OR  NEAR  FORT  LEAVENWORTH, 

KANSAS. 

A  report  upon  this  subject  was  submitted  to  you  on  tlie  24th  of  May, 
1878.  Xo  survey  had  been  made,  however,  and  one  will  be  undertaken 
as  soon  as  i>ossible.  When  it  is  completed  a  plan  for  the  exi)enditure  of 
the  present  appropriation,  with  estimates  for  continuing  the  work,  will  be 
submitted  to  you. 

The  work  is  sitaated  in  the  coUection-district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr. 

Amount  of  revenue  coUected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
1878,  was  $2,364.44. 

Money  statement 

Amount  appropriated  by  act  approved  June  18, 1878 $25,  000  00 

July  1,  1878  amount  available 25,  (KX)  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .     35, 000  00 


M3, 

IMPROVEMENT  OF  MISSOURI  RIVEE  AT  ATCHISON,  KANSAS. 

A  survey  of  this  locality  was  made  and  a  report,  with  plan  and  esti- 
mate, was  submitted  to  you  on  the  3d  January,  1878.  (Printed  in  Senate 
Ex.  Doc.  No.  30,  Forty-lifth  Congress,  second  session.) 

The  extraordinary  flood  now  prevailing  along  the  river  will  render  a 
resurv^ey  necessarj  "to  determine  how  the  appropriation  for  the  j>resent 
year  can  be  most  judiciously  expended.  As  soon  as  possible  a  definite 
plan,  with  estimates  for  continuing  the  work,  will  be  submitted  to  you. 

The  work  is  situated  in  the  collection-district  of  New  Orleans,  and  the  nearest  port 
of  delivery-  is  Omaha,  Nehr.     The  nearest  fort  is  at  Leavenwortn,  Kaus. 

Amonnt  of  revenue  collected  at  Omaha,  Nebr.,  during  the  fiscal  year  ending  June 
30,  1878,  was  J2,364.44. 

Money  statement 

Amonnt  appropriated  by  act  approved  June  18,  1878 |20, 000  00 

July  1,  1878,  amount  available *20,0()0  00 

Amount  (estimated)  required  for  completion  of  existing  project lOO,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  100, 000  00 


M4. 

IMPROVEMENT  OF  MISSOURI  RIVER  OPPOSITE  SAINT  JOSEPH,  MISSOURI. 

The  allotment  of  810,000  for  this  work  from  the  general  appropriation 
for  improving  the  Mississippi,  Missouri,  and  Arkansas  Rivers  (act  ap- 
proved Angust  14, 187G)  was  expended  during  the  piist  sea^son  in  ]>ro- 
tecting  the  shore  near  the  dikes  already  in  pUice  and  in  strengthening 
the  dikes  themselves.  A  full  report  of  these  operations,  with  an  accom- 
panying map,  was  submitted  to  you  May  29, 1878. 

During  the  present  season  it  is  pr(^x)sed  to  carry  a  mattress  revetment 
along  the  exi)osed  shore  as  far  as  the  means  at  our  disposal  wUl  allow. 
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This  revetment  will  extend  from  4  feet  above  low- water  mark  to  such  a 
dlHtauce  along  the  bed  as  will  insiu*e  against  undermining. 

Tlip  work  is  situated  in  the  collection-district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr.    The  nearest  fort  is  at  Leavenworth,  Kaiis. 

Amount  of  revenue  coUectcd  at  Omaha,  Nebr.,  during  hseal  year  ending  June  30, 
1878,  was  12,364.44. 

Mayiey  statement. 

July  1,  1877,  amount  available $9,098  81 

Amount  appropriated  by  act  approved  June  18,  1878 50,000  00 

$59,098  81 

July  1,  1878,  amount  expended  during  fiscal  year \ 9, 098  81 

July  1,  1878,  amount  available 50,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 18, 000  00 

Amount  that  can  be  pi-ohtably  expended  in  iiscal  year  ending  J  uue  30, 1880 .      18, 000  00 


Ms. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  NEBRASKA  CITY,  NEBRASKA,  AND 

EASTl^ORT,  IOWA. 

The  allotment  of  $15,000  for  this  work  from  the  general  appropriation 
for  inipr()\ing  Mississippi,  Missouri,  and  Arkanssis  Itivers  (a^t  approved 
Au^ist  14,  1870)  was  expended  dunng  the  past  season  in  ac^eordance 
with  the  plan  set  foitli  in  my  letter  of  May  22,  1877,  published  in  your 
Annual  Keport  for  1877,  Appendix  M  4. 

The  small  amount  of  money  available  rendered  it  necessary  to  adopt 
some  cheap  and  temiK)rary  style  of  constrttction  by  which  it  wa«  hoped 
that  some  useful  results  would  be  obtained.  It  lijul  been  i)reviously 
determined  that  the  cheapest  mode  of  elfecting  the  desired  improve- 
ment would  be  to  change  the  direction  of  the  channel  current,  instead  of 
endeavoring  to  directly  protect  the  bank  which  was  being  eroded.  The 
amount  allotted  not  being  sufficient  to  justify  any  solid  construction,  it 
was  decide<l  to  build  a  floating  dike  fixun  the  Iowa  shore  at  the  head 
of  Copeland's  Bend,  a  det^iiled  description  of  which  will  be  found  in 
the  appended  report  of  Mr.  Max  Boehmer,  assistant  engineer,  who  had 
charge  of  the  work. 

To  i/^i't  the  best  effects  from  a  work  of  this  kind,  it  is  necessary  that  it 
should  be  in  position  during  a  flood  stage  of  the  river,  when  the  quantity 
of  sediment  is  a  nmximum.  When  the  dike  was  built  the  season  was  so 
far  advanced  that  the  river  was  at  a  log  stage^  and  there  was  no  rise  of 
importance  before  the  ice  began  ninniug.  This,  of  course,  carried  away 
the  buoys  which  kept  the  dike  afloat  and  allowed  it  to  settle  on  the  bar 
that  it  hail  fonned.  An  examination  in  the  sjuing  showed  that  the 
brush  was  still  in  place  and  exerting  a  marked  influence  on  the  direc- 
tion of  the  channel,  which  had  been  moved  quite  a  distance  in  the  direc- 
tion desired.  The  erosion  of  the  bank  near  the  dike  had  also  been  stopped. 
What  the  effect  of  the  great  flood  now  prevailing  will  be  remains  to  be 
detenuined,  but  I  regard  the  results  obtained  last  fall  as  being  very  satis- 
factory. Under  more  favorable  conditions,  and  especially  with  longer 
experience  in  making  and  placing  the  so-called  weeds  of  which  this  dike 
was  composed,  I  think  that  very  valuable  results  can  be  obtained  on 
the  Missouri  at  comparatively  small  cost,  and  there  is  no  doubt  that,  as 
an  adjunct  to  more  permanent  works,  the  system  is  susceptible  of  a  wide 
application. 
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Operations  during  the  coming  season  will  depend  npon  the  data  to  be 
obtained  by  a  resurvey  of  the  locality,  which  will  be  taken  in  hand  as 
soon  as  possible.  As  soon  as  the  results  of  this  survey  are  available  a 
project  for  tlie  expenditure  of  the  present  appropriation,  with  estimates 
tor  continuing  the  work,  vriU  be  submitted  to  you. 

Tlie  work  is  situated  in  tlie  collection-district  of  New  Orleans,  and  the  nearest  port 
of  delivi'rj-  is  Oninha,  Nebr.    The  nearest  fort  is  at  Leavenworth,  Kaus. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30, 
1878,  was  ^2,364.44. 

Maney  statement 

Jnly  1,  1877,  amount  available.... §11,700  57 

Amount  appropriated  by  act  approved  June  18,  1878,  viz : 
For  improving  the  Missouri  River  at  Nebraska 

City,  Nebr ^,000  00 

For  improving  the  Missouri  River  at  Eaetport, 

Iowa,  and  Nebraska  City,  Nebr 20, 000  00 

$40, 000  00 

151,700  57 

July  1, 1878,  amount  exi)ended  during  fiscal  year 11, 700  57 

July  1, 1878,  amount  available 40, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      85, 000  00 


ItEPORT  OF  MR.  MAX  BOEHMER,  ASSIBTAlTr  ENGINEER. 

Saint  Louis,  Mo.,  January  IB,  1878. 

Major  :  I  have  the  honor  to  submit  the  foUowuig  as  a  final  report  on  the  work 
under  my  charge  at  Nebraska  City,  Nebr.,  during  J^b^  August,  and  September,  1877. 

The  novelty  of  the  method  employed  in  building  the  dike  warrants  a  more  detailed 
description  of  the  work,  and  makes  a  summary  of  facts  and  figures,  as  observed  dur- 
ing the  jjrogress  of  the  work,  useful  for  future  reference  in  works  of  a  similar  kimL 

I  Uierefi)re  beg  leave  to  suumit  a  condensed  copy  of  my  previous  reports,  with  addi- 
tional data  of  importance,  and  figures  arran(j;ed  m  shape  for  easy  reference. 

The  dike  built  is  the  first  one  of  a  system  intended  to  restore  the  harbor  and  river 
frontage  to  Nebrawka  City,  and  at  the  same  time  to  save  the  Iowa  shore  opposite  from 
further  encroachment. 

Owing  to  tlie  small  amount  available  for  the  work,  it  was  thought  best  not  to  at- 
tempt tlie  construction  of  a  solid  dike,  but  to  ado]>t  a  plan  less  costly  in  the  shape 
of  a  tioating  dike.  Onlers  were  given,  therefore,  for  the  construction  of  a  dike  of 
**  Brownlow  weeds, ^'  after  the  pattern  of  works  of  the  same  order  built  on  the  rivera 
in  the  East  Indies  by  English  army  engineers.  The  weeds  derive  their  name  from 
their  inventor,  Colonel  Brownlow,  R.  E.  A  description  of  this  system  is  given  in  the 
*'Pi*ofe«8ional  Papers  on  Indian  Engineering*'  (secoiid  series),  April,  1875,  article 
No.  152,  **  Report  on  Sutlej  River  Training  "Works,"  by  H.  C.  Graham,  esq,,  executive 
engineer. 

A  number  of  small  trees  or  a  lot  of  brush  is  tied  to  a  rope,  and  this  entire  Imnch  is 
fastened  to  a  float,  anchored  in  the  stream  by  means  of  sacks  or  a  net- work  filled  with 
brick  or  stone.  Wlieii  first  i)ut  in  this  brush  will  float,  but  graduallv  collecting  sedi- 
ment, its  lower  end  will  sink  to  the  bottom,  while  the  upstream  end  is  held  up  l)y  tlie 
buoy,  the  whole  contrivance  thus  presenting  an  obstruction  to  the  flow  from  the  sur- 
face to  the  bottom^  and  disturbing  every  thread  of  tJie  current  passing  thi'ough  it. 
The  inteiKled  eftcct  is  to  retard  the  current,  and  to  cause  a  i)artial  deposit  of  the  sed- 
iment carried  in  suspension  by  the  stream.  This,  done  on  a  large  scale,  will  create 
bars,  aud  the  water  displaced  is  forced  to  take  the  new  channel  designed  for -it  out- 
side of  the  obstruction.     [See  accompanying  sketch  No.  1.] 

In  the  work  at  Nebraska  Cit^  a  change  was  made  in  the  construction  of  these  weeds. 
Instead  of  using  two  roiJes,  as  in  the  original,  one  the  main  roi)e  with  the  brush,  aud 
the  other  as  anchor-line,  the  relative  positions  of  the  parts  were  reversed,  and  one  of 
the  ropes  dispensed  with  entirely,  by  tying  the  brush  to  the  anchor-line  direct.  [See 
accompanying  sketch  No.  2.] 

This  change  was  made,  not  only  for  economical  reasons,  but  also^  and  principally, 
because  a  cold  climate  ma<le  such  change  necessary  to  prevent  the  ice  from  carrying 
awny  the  entire  stnuture.  And  this  would  surely  have  happened  if  the  original  plan 
had  been  adhered  to.    A  glance  at  the  sketches  will  show  the  difference.    In  the  old 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


oX/^^y^  'ff/:  /. 


i/£.^^  1^/f  Z 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


SKETCH  jsr:  3  . 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


'  •/ 


r     .    .   m^ 

f^:»y* 

V              A^rV 

j^r/v> 

V  -    7^(^;t 

r  .     /"•'•»•.». 

•* 

.(      yti>V 

s 

■» 

• 

n 

s 

• 

- 

*  c /;:•  -•/ 

> 

-    </'*••*• 

* 

^ 

mi: 

;• 

• 

« 

-  >**•'»•« 

•  ^ 

• 

♦  ja^i 

J 

SKETCH  JSr^  h<, 

,shotffitt<j  jnrkfjyxs  andl  sotindlngs  In  vidTiily  afI^oafi;n(f  DyTCe 


071  fhr  SoP'if  Seftfentl:>er  tSYT. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


APPENDIX  M.  655 

plan  the  mnninj]?  ice  wmild  cut  off  the  anchor-line,  and  consequently  carry  nway  the 
tinish  also,  while  in  the  changed  weed  the  ice  will  simply  cut  ott"  the  float  and  leave 
the  brush  in  poHition.  This,  of  conrHe,  destroys  the  working  i»ower  of  the  structnre  at 
once,  but  the  hnwh  remains  at  the  hottoni,  and  this  not  oul.v  prevents  subsecpient 
flooda  from  establishing  the  main  channel  in  that  part  of  the  river,  but  aLso  forms  a 
solid  foundation  for  the  work  of  the  following  season,  if  such  become  necessary. 

Tlie  dike  wns  constructed  in  the  following  manner :  First,  a  foundation  of  uubuoyed 
^s'eeds  was  laid,  for  the  double  puri)ose  of  securing  the  bottom  from  scouring  and  of 
forming  a  rack  against  which  the  anchors  of  the  buoyed  weeds  would  catch.  This 
layer  was  steadily  kept  in  advance  of  the  regular  weeds,  and  the  latter  were  put  in 
from  50  to  100  feet  above  it,  the  current  dragging  them  downstream  till  the  anchors 
caught  on  the  foundation.  It  was  found  that  without  these  sunken  weeds  to  hold 
upon  the  buoyed  ones  could  not  be  held  in  place  with  an  anchor  wc-ighing  2,&M)  pounds 
iu  15  feet  of  water  and  a  5-mile  cunvnt.  The  pull  of  the  current  on  these  weeds  was  so 
terrible  that,  in  spite  of  all  precautions,  21  out  of  a  total  of  669  weeds  were  dragged 
beyond  the  dike.  Some  of  these  landed  on  bars  more  than  a  mile  below,  although 
most  of  them  stopped  within  200  feet  in  the  dead  water  behiud  the  dike. 

The  deepest  Avater  (the  main  channel  24  feet  deep)  was  reached  at  a  point  250  feet 
from  shore ;  here  the  weeds  were  put  in  thickest,  but  without  visible  effect  upon  the 
channel.  The  dike  was  continued  to  a  length  of  550  feet,  and  still  the  channel  re- 
mained in  the  same  place,  over  the  dike.  This  induced  me  to  fortify  the  dike  still 
more  throughout  its  entire  length,  and  to  good  advantage,  I  think,  since  from  that 
time  the  water  shoaled  rapidly,  the  bars  gaining  10  feet  in  as  many  days  in  some 
places.  The  same  result,  perhaps,  would  have  been  brought  about  by  a  lighter  dike 
in  a  longer  space  of  time,  but  I  deemed  it  unsafe  to  try  it  in  this  case,  because  we  had 
to  face  and  turn  the  channel  itself.  Under  the  lee  of  the  channel,  I  think,  these  weeds 
can  be  used  in  smaller  numbers  with  perfect  suceesa,  and  I  have  no  doubt  that  in  some 
localities,  and  under  favorable  circumstances,  dikes  of  a  similar  kind  may  be  built  of 
half  the  strength  and  at  half  the  cost  of  the  one  at  Nebraska  City. 

We  built  out  to  a  distance  of  758  feet  from  shore,  and,  to  judge  from  the  heavy  cut- 
ting of  the  bank  and  the  bars  opposite,  it  seems  plausible  to  assert  that  with  a  dike  of 
1,200  feet  the  channel  would  have  been  turned  into  the  slough  on  the  Nebraska  side. 
When  the  work  was  abandoned,  a  cross-section  100  feet  below  the  dike  showed  less 
tliauL  2  feet  of  water  for  one-half  and  less  than  5  feet  for  three-quarters  of  its  extent. 
Sonte  fissures  as  deep  as  the  channel  outside  of  the  dike,  but  narrow,  remained  here  and 
there,  and  these  corresponded  witli  apparent  oiieinngs  in  the  dike,  where  the  water 
seemed  to  ccaiccntfate  and  run  at  greater  speed.  But  this  proved  to  be  deceiving,  since 
in  all  such  places  no  breach  was  mund,  but  alwajTj  solid  bottom  in  less  than  4  feet  of 
water.  Such  fissures  in  the  bar  below,  therefore,  were  not  caused  by  corresponding 
fissures  in  the  dike,  but  were  formed  simply  by  the  concentration  of  the  water  after  it 
had  passed  the  dike. 

The  surface  of  the  water  above  the  dike  when  finished  was  6}  inches  higher  than 
that  below  it.  This  elevation  was  plainly  visible  to  the  eye,  and  proved  to  be  a  safe 
guide  in  building  every  i)art  equally  strong.  Wherever  this  appeared  less  marked 
there  was  a  weak  place  in  the  dike,  and  more  weeds  Avere  put  in. 

To  judge  of  the  depth  by  the  velocity  of  the  current,  or  by  the  width  of  water-way 
between  the  brush  on  the  surface,  was  impossible,  since  the  water  rushed  with  the  same 
or  oven  greater  velocity  over  jilaces  only  2  feet  deep  as  through  bretu-hes  10  feet  deep. 
Frequent  soundings  aiul  the  elevati(m  of  the  surface  were  the  only  true  guides.  I 
speiik  of  this  because,  in  this  particular  structure,  weeds  thrown  into  shallow  places 
are  weeds  wasted,  and  because  frequently  the  ap^>earance  of  the  water  was  verj'  deceiv- 
ing, apparent  breaches  on  close  inspection  provmg  to  be  the  very  strongest  x>laA^'es  in 
the  diKe. 

The  bars  formed  below  the  dike  consisted  inainlj  or  altogether  of  clay,  while  those 
above  invariably  were  composed  of  sand  only.  A  rise  in  the  river  of  4  inches  was  suffi- 
cient to  deepen  the  water  on  these  upper  bars  from  2  to  3  feet  in  one  night  throughout 
their  entire  surfiice,  while  tliose  below  never  suffered  alirasion,  but  steswlily  a<lvanced 
in  breadth  and  in  height.  The  large  quantities  of  sand  which  on  such  occ^wlons  were 
carried  through  the  (like  passed  on  beyond  without  visibly  adding  to  the  bai's  below 
it.  This  sand  must  have  all  been  carried  through  the  deep  fissures  of  the  lower  bar, 
because  on  the  shallow  places  there  was  absolutely  no  current  whatever ;  an  eddy,  even, 
in  some  instances. 

After  the  completion  of  the  work  a  watchman  was  left  to  guard  the  floats  from  being 
cut  ort*  and  stolen,  so  a«  to  keep  the  dike  at  work  .as  long  as  possible.  Ou  December  4, 
1877,  this  watchman  reported  that  the  ice  had  cut  away  all  the  floats,  but  that  the  brush 
remained,  and  that  the  bars  seemed  to  be  still  growing.  He  reported  that  to  cross  the 
river  in  a  skiff'  from  the  Iowa  shore,  he  had  to  go  over  one-fourth  of  a  mile  below  the 
dike.  This  shows  that  the  bar  below  must  have  gained  at  least  600  feet  in  length  iu  six 
weeks'  time. 
It  is  impossible  to  tell  the  permanent  effect  of  the  dike  until  after  the  next  high- 
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water  has  passed  over  it.  I  l)elieve  that  it  will  staud  the  pressure,  and  it«  resistance 
may  prove  sufticient  to  throw  the  channel  where  it  is  designed  to  be,  through  the 
slouch  on  the  Nebraska  side.  The  amount  of  Avater  in  this  slouj^h  had  been  iucn*:ise<l 
7  per  cent,  durinjj  the  work,  and  seemed  to  be  steadily,  thou>?h  veiy  slowly,  gaining. 
As  yet  the  main  channel  ptisses  on  the  outside  of  the  dike  and  whips  back  t«»  the  Iciwa 
shore  an  so(»n  as  the  bar  below  will  mlniit.  As  this  bar  is  steadily  advanrinj;  down- 
stn^ani,  it  will  in  time  probably  r«'sult  in  keeping  the  channel  away  from  the  Iowa 
shore  entirely.  But  this  is  not  enough.  The  fimt  dike  of  the  nystem  coutenipUired 
must  throw  the  low-water  channel  into  the  Nebraska  slough  for  a  »nccessfal  ex»-eutioH 
of  the  whole  i)lan.  The  effect  of  the  next  high  water  must  be  awaited  before  it  can  be 
decided  wlietiier  more  work  is  necessary  on  tnis  dike,  and  especially  whether  it  should 
be  exteude<l  farther  into  the  stream. 

The  details  of  the  work  are  given  lielow  under  their  diflerent  heads. 

Veedtf  were  made  out  of  ropes  5()  feet  long,  40  ftn^t  of  brash  length,  and  10  feet  of 
anchor-line.  The  rox)o  was  laid  on  tlu^  ground  and  a  layer  of  bruhh  tied  to  it ;  theu 
the  bunch  was  roll©*l  over  and  a  second  layer  added.  The  average  amount  of  brush  in 
each  weeil  wjw  2.G  cords.  The  brush  was  tied  to  t\\v  rope  with  one  string  of  sx»uu  yam, 
equal  in  strength  to  about  four  strands  of  onliuary  i*ope. 

UopcH, — ^All  the  rox)e  used  was  "sisal  roi^e.*' 

Main  line  of  ** foundation  w^eed" =^-inch  diameter. 

Main  line  of  "  buoyed  weed ^ =  f-inch  diameter. 

Kope  around  float =!|-inch  diameter. 

Buoy  tied  to  weed  with ac double : .=  jj-inch  diHuieter. 

Kope  around  sacks 5=i|(-inch  diameter. 

Anchorn. — Anchor  to  "foundation  weed''=s5  to  7  sacks  stone. 

Anchor  to  "buoyed  weed "  =  9  to  11  sacks  stone. 

Weight  of  single  sack  =  '240  to  280  pounds. 

Average  anch(>r  =  19  cubic  feet  loose  rock  =  12.7  cubic  feet  solid  rock =2, 121  pounds. 

Floatff. — Second-hand  barrels  delivered  at ,.  $i  25  eaeh. 

Calked  boxes,  10  inches  by  16  inehes  by  4  feet,  pine,  at 7»y  «^ach. 

Calked  boxes.  16  inches  by  16  inches  by  4  feet,  cottonwood,  at 6.5  each. 

Buoyancy  of  Hoat =400  i>oauda. 

Brush  J  mostly  dojafwood,  8  to  16  feet  long,  cost  =  81.05  per  tord. 

Stone. — Bastard  linu^tone,  weighing  167  jjounds  per  eui)ic  ibot,  cost  =  S1.85  per  cubic 
yard,  loosi».     Brought  in  small  flat-boats  from  the  opposite  shore,  one  mile  above. 

J«<und»er  of  weeds  planted =       669 

Total  brush-length  of  weeds ....feet..  ==27,142 

Cost  of  one  weed,  placed • =f  11  30 

Length  of  dike  built feet..  =       7^8 

Cords  of  brush  in  dike =   1,7<K> 

Cubic  vards  of  stone  in  anchors ". =       4(»<i 

Cost  of  linear  foot  of  dike =#10  00 

Number  of  weeds  to  linear  foot  of  dike =:     0.85 

Fall  of  surface  over  dike inches..  =         6| 

Greatest  effe<;t  observed  =  deposit  19  feet  deep  in  24  feet  of  water  in  6  weeks'  time. 

Strongest  current  in  river s=4i  miles  per  hour;  strongest  current  over  dike  =7  to  8 
miles. 

PERCENTAGE    OF  COBT  OF    WKE-COKSTKUCTIOX  (EXCLUSIVE  OF  8IIOKE    PUOTECTION). 

Per  c*«iit 

Brush )ii 

Stone 11 

Rope 23 

Buoys * ■       4 

Boats,  tools  of  contingencies 10 

Labor  and  superintendence 2ri 

Total 100 

Very  respectfully, 

Max  Boeumkr, 

Maj.  Chables  R,  Suter, 

Corps  of  Engin€«i'9j  V»  Si  A* 
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M6. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  OMAHA,  NEBRASKA,  AND  COUNCIL. 

BLUFFS,  IOWA. 

A  report,  with  plan  and  estimates  for  carrying  on  work  at  this  local- 
ity, Wiis  snbmitteil  to  you  on  the  14tli  of  December,  1877,  and  published 
in  Senate  Ex.  Doc.  Fo.  30,  Forty -fifth  Congress,  second  session. 

The  unusually  higli  flood  now  prevailing  lias  made  great  changes  in 
the  condition  of  affairs  here,  and  a  resurvey  has  been  ordered  to  deter- 
mine whether  a  modification  of  the  original  plan  will  not  be  necessary. 
As  soon  as  I  have  the  results  of  this  survey,  a  plan  wUl  be  submitted 
to  you  for  the  expenditure. of  the  present  appropriations,  as  well  as  es- 
timates for  continuing  the  work,  if  necessary. 

The  work  is  situated  in  the  collection-district  of  New  Orleans,  and  the  nearest  port 
of  deliveiy  is  Omaha,  Nebr.    The  nearest  fort  is  at  Leavenworth,  Kans. 

Anioiiut  of  revenue  collected  at  Oiuaha,  Nebr.,  during  fiscal  year  ending  June  30^ 
1878,  was  02,364.44. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878^  viz  : 
For  improvement  of  the  Missouri  River  at  Council  Bluffs,  Iowa, 

and  Omaha,  Nebr 160,000  00 

For  improvement  of  the  Missouri  River  at  Omaha  City,  Nebr..     30, 000  00 

|;eo,ooo  00 

July  1, 1878,  amount  available 80,000  00 

Amount  (estimated)  required  for  completion  of  existing  project i:U),  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1880 .     130, 000  OO 


M7. 

IMPROVING  MI880UEI  RIVER  AT  SIOUX  CITY,  IOWA. 

« 

A  sun^ey  at  this  locality  was  made  under  my  direction,  at  the  expense 
of  the  city,  and  a  report  with  plan  and  estimate  submitted  to  you  on 
the  23d  of  May,  1878. 

A  resurvey  will  be  needed  as  soon  as  the  present  flood  subsides,  to 
ascertain  whether  any  change  of  plan  will  be  necessary  before  commenc- 
ing the  expenditure  of  the  present  appropriation.-  When  this  survey  is 
completed,  estimates  for  carrying  on  the  work,  if  necessary,  will  be  sub- 
mitted to  you. 

The  work  is  situated  in  the  collection-district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr.    The  nearest  fort  is  Fort  Randall,  Dak. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30^ 
1878,  was  12,364.44. 

Money  statement 

Amount  appropriate  by  act  approved  June  18,  1878 ^12, 500  00 

July  1,  1878,  amount  available 12,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 33, 774  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  33, 800  00 

42  E 
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M8. 

SURVEY  OF  MISSOURI  RIVER  FROM  ITS  MOUTH  TO  SIOUX  CITY,  AND 
ESTIMATES  FOR  THE  IMPROVEMENT  AND  MAINTENANCE  OF  ITS  NAVI- 
GATION. 

A  plan  for  carrying  on  this  work  by  making  a  thorough  and  compre- 
hensive survey  was  submitted  to  you,  and,  ha\dng  been  approved,  the 
l)arty  will  be  put  in  the  field  as  soon  as  practicable.  It  is  expected  that 
the  present  appropriation  wiU  be  sufficient  to  carry  the  surv^ey  from 
Leavenworth,  Kans.,  to  the  mouth  of  the  Missouri,  lea\'ing  the  upper 
I)ortion  to  be  provided  for  by  further  appropriations. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $50, 000  00 

July  1,  1878,  amount  available 50,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  eiidmg  Jime  30, 1880 .  50, 000  00 


Mg. 

IMPROVEMENT  OF  ARKANSAS  RIVER  AT  FORT  SMITH,  ARKANSAS. 

The  plan  proposed  by  me  for  work  at  this  place  in  my  letter  of  August 
15,  1877,  havmg  been  approved,  work  was  begun  as  soon  as  possible  and 
prosecuted  as  opportunity  afforded  until  the  funds  allotted,  $10,000, 
were  exhausted. 

The  works  consist  of  a  dike  of  brush  and  stone  projecting  1,100  feet 
from,  the  left  bank  above  the  mouth  of  Poteaii  Kiver.  From  its  outer  end  a 
longitudinal  dike  extends  down  stream  600  feet,  the  object  desired  being 
to  carry  the  main  channel  to  the  right  bank  ne^r  the  Poteau,  to  deepen 
the  crossing  over  the  bar,  and  to  render  the  landing  at  Fort  Smith  ac- 
cessible to  steamboats  at  low  water.  For  fiiU  details  of  these  operations, 
accompanied  by  maps  and  plans,  I  beg  to  refer  to  the  annexed  report  of 
Capt.  D.  W^.  Wellman,  assistant  engineer,  who,  with  Mr.  J.  H.  Curtis  as 
assistant,  had  charge  of  the  work. 

In  order  to  test  as  speedily  as  possible  the  eflfect  likely  to  be  produced, 
the  height  and  width  of  the  dike  were  kept  at  a  minimum,  but  they  have 
withstood  a  very  heavy  and  long-continued  flood  without  serious  damage. 
During  the  coming  season  it  is  proix)sed  to  widen  the  dam  and  strengthen 
it,  when  necessary;  also,  to  laise  the  crest  3  feet,  so  as  to  give  it  a  uni- 
form height  of  8  feet  above  low  water.  The  slant  will  be  lengthened  400 
feet.  When  this  work  is  completed,  it  is  believed  that  the  end  pro- 
posed will  be  accomplished,  and  it  is  not  anticipated  that  any  further 
appropriation  will  be  required. 

This  work  is  situated  in  the  collection-district  of  New  Orleans.  The  nearest  port  of 
delivery  is  Memphis,  Tenn.,  and  the  nearest  fort  is  Fort  Smith,  Ark. 

Tlie  amount  of  revenue  collected  at  Memphis,  Tenn.,  during  fiscal  year  endine  June 
30,  1878,  was  $27,734.43. 

Money  statement 

July  1,  1877,  amount  available $9, 605  49 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$19,G95  49 

July  1,  1878,  amount  expended  during  fiscal  year 9, 695  49 

July  1,  1878,  amount  available 10,000  00 
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report  of  cafr.  d.  w.  "wtsllman,  assistant  engineer. 

United  States  Engineer  Office, 

Saint  Louis,  Mo,,  May  31,  1878. 

Major  :  I  have  the  honor  to  submit  the  following  report  in  regard  to  the  work 
Tinder  my  charge  on  the  ArkansaH  River  at  Fort  Smith,  Aric. 

The  object  of  the  work  at  thisjilace  is  the  removal  of  a  sand-bar  in  the  river  in  front 
of  the  town  of  Fort  Smith,  or  so  much  of  it  as  will  permit  the  approach  of  steamboats  to 
the^landing  in  low  water,  and  secure  a  direct  ferry  crossing.  Heretofore,  for  years,  in 
low.stages,  steamboats  could  not  come  within  1^  miles  of  the  landing,  and  in  crossing 
the  river  it  has  been  necessary  to  ferry  across^two  channels  besides  hauling  a  quarter 
•of  a  mile  over  the  bar. 

In  the  months  of  May  and  June,  1877,  a  survey  of  the  locality  was  made,  a  plan  of 
improvement  submitted,  which  was  approved,  and,  in  October,  work  was  commenced. 
The  season  proved  to  be  one  of  unusually  high  water,  which  greatly  delayed  progress, 
so  that  it  was  not  until  the  end  of  March  last  that  the  funds  available  for  the  work 
were  expended. 

^  The  work  consists  of  a  dike  of  brush^aud  stone  built  out  from  the  left-hand  shore 
nearly  at  a  right  angle  with  it  and  op^)osit«  the  head  of  the  bar.  It  is  extended  in 
that  dii-ection  1«100  feet,  from  whence  it  runs  down  the  stream  parallel  with  its  axis 
for  a  distance  or  t>00  feet,  and  on  to  the  head  of  the  original  bar.  This  part  of  the 
dike  lying  parallel  with  the  stream  is  designated  as  the  '^  slant.''  The  dike  is  similar 
to  those  used  by  Col.  D.  C.  Houston,  Corps  of  Engineers,  U.  S.  A.,  in  the  improvement 
of  the  Wisconsin  River,  and  is  built  principaDy  in  the  manner  described  in  hia  report 
dated  December  25,  1875  (Rei»ort  of  Chief  of  Engineers  for  1876,  Part  2,  pages  402-^06). 
The  shore  protection  is  100  feet  long,  lying  50  feet  above  and  50  feet  below  the  line  of 
the  dike,  and  is  carried  up  nearly  22  feet  above  low-water  mark,  and  within  5  or  6  feet 
of  high  water. 

At  the  commencement,  the  bnish  for  the  dike  was  made  into  mats  by  Colonel 
Houston's  method — first  making  it  into  fascines  and  then  binding  the  fascines  into  mat«, 
but  later  the  making  of  fascines  was  abandoned  as  unnecessarily  expensive,  and  the 
brush  made  directly  into  mats  in  the  foUowing  manner : 

Four  stakes,  2  to*  3  inches  in  diameter,  were  driven  firmly  into  the  ground,  forming 
a  parallelogram  the  short  sides  of  which  were  4i  feet  and  the  long  sides  4^  to  6  feet  in 
length,  depending  on  the  kind  of  brush  obtainable  in  the  vicinity,  the  tops  of  the 
stakes  being  left  about  2^  feet  above  the  ground.  Inside  of  this  parallelogram,  and 
touching  the  stakes,  were  laid  parallel  witii  the  long  sides  2  straight  logs,  4  to  6  inches 
in  diameter  and  6  or  7  feet  long.  Across  these  logs,  in  suitable  notches,  near  the 
stakes,  were  laid  the  under  bands  or  binding  poles  of  the  mat  (see  Figure  1.  accompa- 
nying plate).  Brush  was  then  laid  on  the  bands  between  the  stakes  until  sufficient 
was  had  for  a  mat,  care  bein^;  taken  to  keep  the  brush  parallel  and  well  up  against 
the  stakes  to  insure  uniformity  of  thickness.  The  top  bands  were  then  laid  on  and 
bouud  down  in  the  same  manner  as  described  in  the  report  alluded  to,  except  that  the 
sides  were  not  passed  in,  they  being  held  in  the  i)roi)er  place  by  the  stakes.  Figure  2 
shows  a  mat  in  the  frame  ready  for  binding.  These  mats  were  4^  feet  wide  and  1  foot 
in  thickness,  and  contained  fully  twice  the  amount  of  brush  per  mat  as  those  made 
from  fascines,  which  were  2^  to  3  feet  wide  and  7  to  9  inches  thick.  The  cost  of  the 
two  kinds  per  mat  was  about  the  same,  showing  a  decided  diflference  in  favor  of  the 
larger  mats.  For  these  mats  ahnost  any  kind  of  brush — coarse,  crooked,  and  even  a 
mixture  of  thorny — can  be  used,  whereas  fascines  require  brush  that  is  reasonably 
straight  and  pliable  and  free  from  thorns.  Another  advantage  of  the  larger  mats  over 
the  smaller  ones  is  in  the  saving  on  stone.  In  sinking  the  larger  mats,  especially  in 
<lecp  water,  much  less  stone  is  wasted  by  being  carried  clear  of  the  mat  by  the  current 
before  reaching  bottom. 

At  your  request,  made  in  February  last,  an  experiment  was  tried,  principally  with 
a  view  to  test  the  economy  of  making  the  brush  into  large  mattresses,  2  or  3  feet  in 
thickness,  and  floating  them  to  place.  At  that  time  there  was  only  one  place  in  the 
line  of  the  dike,  and  that  less  than  100  feet  long,  where  a  mattress  3  feet  thick  could 
l)e  placed,  the  dike  being  then  pretty  well  along,  and  through  this  contracted  space 
the  water  was  pouring  at  the  rate,  it  was  estimated,  of  3^  miles  per  hour.  A  mat- 
tress was,  however,  made,  50  by  20  feet  and  3  feet  in  thickness  inside  the  binding- 
poles.  It  drew,  when  finished,  not  less  than  4  feet  of  water,  only  the  upper  binding- 
))oles  being  out  of  water  when  afloat.  The  manner  of  constructing  the  mattress  was 
as  follows: 

A  place  was  selected  on  the  river-bank,  2  miles  above  the  dike,  where  deep  water 
could  be  found  close  to  shore  and  where  little  shaping  of  the  bank  was  necessary. 
Four  Cottonwood  poles,  25  feet  lon^  and  6  to  8  inches  in  diameter,  to  be  used  as  ways 
for  launching  the  mattress,  were  laid  end  to  the  stream  and  12^  feet  apart,  and  inclined 
toward  the  water  at  an  angle  of  20  or  25  degrees.  Five  binding-poles,  20  feet  long  and 
4  to  6  inches  in  diameter,  were  then  laid  12^  feet  apart,  parallel  with  the  ways,  and 
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alternating  with  them^  the  outer  pole^  being  placed  about  6  feet  outside  the  two  end 
ways,  and  were  blocked  up  so  that  fheir  nj)per  surfaces  cauie  even  with  the  up)>er 
surface  of  the  ways.  Throuch  each  of  these  binding-poles  were  put — one  near 
each  end  and  one  in  the  middle — 3  2-inch  pins,  of  the  kind  known  among  lum- 
bermen as  "grubs."  They  are  simply  a  pin  with  a  head,  and  are  made  &om  a 
green  sapling,  the  head  being  formed  from  a  portion  of  the  root,  which  is  left  on 
in  cutting  the  sapling,  and  are  put  in  from  the  under  side.  In  this  case  the  grubs 
were  4  to  5  feet  long.  Poles,  3  to  4  inches  in  diameter  and  about  28  feet  long, 
were  then  laid  a^jross  the  binding-poles  and  along  the  lines  of  the  grubs,  lapping  past 
each  other  4  or  5  feet  in  the  middle.  Some  of  these  poles  were  bored  and  sUpperl  onto 
the  grubs  at  the  ends  and  middle  to  hold  the  mattress  fnmi  pulling  apart  lengthways, 
and  all  the  intersections  bound  tightly  with  fence- wire ;  also  the  poles  where  they 
lapped  in  the  middle  were  wired  togetlier,  the  Avhole  making  a  very  strong  frame,  into 
which  brush  was  piled,  first  across  the  last-laid  poles  for  about  a  foot  in  thickness; 
then  a  layer  in  the  other  dh-ection,  and  finishing  with  another  cross-layer  on  top. 
Poles  were  then  laid  on  the  top,  corresponding  to  those  on  the  bottom,  the  longer  ones 
first  and  the  shorter  ones  last,  some  of  the  longer  and  all  of  the  shorter  poles  being 
bored  and  slipped  onto  tbe  grubs,  and  the  whole  bound  down  and  strongly  wedged. 
Figure  3  of  the  plate  shows  manner  of  making  the  frame  arrangement  of  the  brush  and 
method  of  binding.  It  was  then  launched  by  slipping  it  ott*  the  ways  with  hand-spikes, 
fastened  to  a  scow,  and  floated  to  place.  Some  difficulty  was  ex|>erienced  in  floating 
it  down  the  channel  along  which  it  w.as  obliged  to  be  taken ;  being  shallow,  it  grounded 
several  times  and  had  to  be  pulled  over  with  a  capstan  on  one  of  the  stone-barges. 
Great  care  was  taken  as  it  approached  the  dike  to  guard  afj^ainst  it«  being  carried  over 
by  the  current.  The  side  of  the  mattress  which  was  to  lie  up  stream  when  in  place 
was  brought  alongside  the  scow  and  raised  by  means  of  lines  and  levers  as  much  as 
possible  out  of  the  water,  in  order  to  present  the  least  surface  to  the  current,  and  firndy 
lashed  to  the  scow.  It  was  then  slowly  let  down  int-o  position,  but,  notwithstanding 
the  precautions  taken  at  the  first  trial,  the  anchorage  gave  way,  and  the  mattress  and 
scow  went  over  the  dike.  It  was,  however,  readily  landed  just  below,  and  the  next 
day,  there  having  been  over  night  a  rise  of  about  a  foot  in  the  Pot«au,  without  a  cor- 
responding one  in  the  Arkansas,  and  which  consequently  had  a  tendency  to  slacken 
the  current  at  the  dike,  it  was  hauled  back,  additional  anchors  put  out,  and  the  mat- 
tress sunk  in  its  place  without  further  difficulty.  In  addition  to  the  lashings  to  hold 
the  up-stream  edge  out  of  the  water,  lines  were  run  from  the  scow  to  the  down-stream 
side,  for  the  pimmse  of  preventing  any  movement  of  the  mattress  down  the  stream 
when  the  upper  lashings  were  cut  to  allow  it  to  sink.  The  stone  for  sinking  it  were 
placed  on  tne  scow  to  which  the  mattress  was  attached,  and,  when  in  position,  were 
thrown  onto  the  mattress,  loading  heaviest  on  the  up-stream  edge,  until  the  lasliing 
showed  signs  of  giving  way,  when  they  were  cut  simultaneously,  and  it  went  to  the 
bottom. 

The  cost  of  this  mattress  in  place,  not  including  cost  of  stone,  engineering,  and 
expense  of  foreman  and  boatman,  who  were  engaged  on  other  work  in  the  mean  time, 
was  as  follows : 

Labor  on  mattress... (29  50 

Wire 1  00 

Kope  for  lashing  (cut  and  lost) ..      2  00 

Labor  and  boats  towing  to  place  and  sinking • 25  00 

Total 57  50 

or  1.9  cents  per  cubic  foot. 

The  cost  of  a  mat  4^  by  10  by  1  foot  placed  in  the  dike,  leaving  out  the  same  items  of 
expense  as  above,  does  not  exceed  70  cents ;  or  less  than  1.6  cents  per  cubic  foot. 

It  is  probable,  however,  that  the  cost  of  the  large  mattress  was  in  excess  of  what 
would  be  the  average  cost  of  a  large  number  where  the  proper  preparation  could  be 
made  for  working  to  advantage.  The  proportion  of  stone  also  required  with  the  large 
mattresses  is  considerably  less  than  with  small  mats,  but  the  small  amount  of  work 
done  docs  not  give  sufficient  data  to  enable  a  reliable  comparison  to  be  made.  For 
extensive  works  in  deep  water  and  moderate  current  I  have  no  doubt  that  with  projjer 
appliances  for  handling  the  large  mattresses  would  be  the  best  and  cheapest,  but  tor 
light  works,  in  a  shallow  stream  like  the  Arkansas,  I  consider  the  small  mats  preferable. 

Besides  tne  large  mattress,  .there  were  placed  in  the  dike  2,497  mats  of  the  smallest 
size  mentioned  above,  645  mats  of  the  larger  size,  and  1,053.24  tons  of  stone.  Its  total 
length,  calling  the  shore  protection  equivalent  to  100  feet  of  dike,  is  1,800  feet,  and 
average  height  about  5  feet.  The  stone  was  pm*chased  at  82  per  ton,  delivered  on  barges 
at  the  dike.  The  mats  were  made  chiefly  by  day^s  work ;  a  few  were  purchased  ready 
made,  at  30  and  J^  cents  each.  Ten  dollars  per  barge-load  was  paid  for' loading  and 
transporting^  mats  to  the  dike ;  the  average  number  of  mats  in  a  load  was  78.  Tlie 
price  paid  tor  stone  and  transportation  of  mats  included  the  use  of  barges  on  the 
work,  with  necessary  rigging,  anchors,  lines,  &c. 
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The  total  amount  expended  on  the  dike,  from  the  commencement  of  the  work  in 
October,  1877,  up  to  March  31,  1878,  was  |7,053,  making  the  cost  per  linear  foot  $3.92. 
Th«  accompanying  maps,  Nos.  1  and  2,  show  the  location  and  the  ))rogress  of  the  work, 
together  with  its  condition  March  25,  1878^  and  the  effect  produced  on  the  bar  up  to 
that  date.  A  cross-section  of  the  dike,  desijifned  to  represent  its  general  construction 
and  the  deyKwits  of  sand  above  and  below  the  main  dike,  which  in  several  places  accu- 
mulated as  fast  as  the  dike  was  raised,  is  also  shown. 

As  was  anticipated,  the  effect  of  the  works  has  been  to  carry  away  the  upper  end  of 
tlie  bar,  and  the  main  channel  of  the  river,  which  before  the  commencement  of  the 
work  crossed  from  the  right  to  the  left  bank  above  the  site  of  the  dike,  now  crosses  a 
quarter  of  a  mile  farther  down,  enabling  the  ferry-boat  to  cross  directly  from  the 
mouth  of  the  Poteau.  This  change  took  place  principally  during  two-  Hoods,  of  a  few 
clays'  duration  each,  which  occurred  in  January  and  February  last.  There  has  been 
a  heavy  rise  recently  in  the  river,  but  what  further  change,  if  any,  has  been  made  I 
am  not  informed. 

It  is  desirable  that  this  scouring  away  of  the  bar  should  continue  until  the  main 
channel  crossing  is  brought  down  to  nearly  opposite  the  public  landing.  It  is  believed 
that  when  this  is  accomplished  the  nature  and  conformation  of  the  shore  above  the 
landing  will  render  the  channel  permanent.  It  is  probable  that  the  slant  of  the  dike 
may  have  to  be  continued  down  the  stream  before  sufficient  of  the  bar  will  scour  away 
to  etfect  this,  but  just  how  much  cannot  be  determined  until  the  full  effect  produced 
hy  the  work  in  its  present  condition  can  be  observed. 

"As  stated  in  my  report  on  the  condition  of  the  work,  dated  February  21,  1878,  the 
dike  has  been  made  as  thin  as  was  thought  prudent,  in  order,  with  the  means  at  com- 
luand,  to  raise  it  as  high  as  possible  so  that  an  immediate  effect  might  be  produced  by 
the  eh  auged  current. 

During  the  Avhole  of  the  month  of  Februaiy  and  until  the  middle  of  March  the 
water  did  not  get  below  9  feet  of  the  gauge,  so  that  the  last  of  the  mats  were  laid  in 
from  2  to  8  feet  of  water.  The  couseciuence  is  that  the  top  of  the  dike  is  uneven  and 
lias  doubtless  many  weak  iilaces.  It  should  be  raised  and  strengthened  and  finished 
with  a  face  mat  as'shown  in  the  cross-section  of  the  dike  throughout  its  whole  length. 
At  present,  face  mats  are  laid  only  on  the  lower  portion  of  the  slant,  and  a  short  dis- 
tance on  the  main  dike  at  the  angle.  The  dike  should  be  finished  when  the  to]>  is 
above  water,  so  that  it  can  be  made  level  and  uniform  and  all  interstices  filled  with 
small  brush  and  stone.  It  may  also  be  fonnd  necessary,  in  order  to  secure  a  more 
direct  crossing  of  the  channel  over  the  bar  and  guard  against  possible  change  in  its 
dirertion,  to  build  a  short  dike  out  from  the  right  bank  below  the  steamboat-landing. 
Tliis  neceijsity  cannot  well  be  determined  until  the  slant  has  been  lengthened  and  the 
channel  has  had  time  to  establish  its  bed. 

I  desire  in  this  to  acknowledge  my  indebtedness  to  Mr.  E.  C.  Hinman,  of  Portage 
City,  Wis.,  who  for  several  years  htvs  had  charge,  under  Colonel  Houston,  of  the  c<m- 
Btructitm  of  similar  dikes  on  the  Wisconsin  Kiver,  for  valuable  suggestions  and  advice 
in  regard  both  to  the  location  and  constmcticm  of  this  work.  I  am  also  indebted  to 
Mr.  John  H.  Curtis,  my  assistant,  for  efficient  and  intelligent  co-operation,  and  to  Mr. 
Duncan  McCanslin,  foreman  of  construction,  for  great  energy,  activity,  and  zeal  in  the 
discharge  of  his  duties. 

Very  respectfully,  your  obedient  servant, 

D.  W.  Wkllmax, 
Assistant  Engineer, 
Maj.  Chas.  R.  Suter, 

Corps  of  IJnyineerSj  U.  S,  A. 


M  10. 

IMPROVEMENT  OF  WHITE  RIVER  AT  BUFFALO  SHOALS,  ARKANSAS. 

At  the  date  of  the  last  annual  report  a  survey  was  in  progress  at  this 
locality ;  upon  its  completion  a  plan  for  the  exjienditure  of  the  $10,000 
appropriated  by  act  approved  August  14, 1876,  was  submitted  September 
3, 1877,  and  approved  by  you. 

This  plan  contemplated  the  construction  of  7  spur-dikes  of  stone,  so 
located  as  to  pond  up  the  water  on  the  places  of  least  dei)th,  and  also 
the  removal  of  rock  and  bowlders  from  a  channel  of  200  feet  in  width. 
This  shoal  is  a  rapid  about  1 J  miles  long.  The  fall  is  7.1  feet  per  mile, 
and  the  low  water  depth  is  6  inches. 
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Much  delay  was  experienced  owing  to  the  continued  high  water,  and 
also  on  account  of  the  difficulty  of  procuring  labor  in  the  neighboriiood* 
Owing  to  these  delays  the  cost  of  the  work  was  greatly  increased.  Only 
three  of  the  dikes  proposed  have  beeu  completed,  but  the  results  obtained 
have  been  very  satisfactory.  The  work  of  clearing  out  loose  rocks  ironi 
the  channel  is  now  in  progress,  and  will  be  continu^  until  the  remaining 
balance  of  the  appropriation  is  expended.  It  is  much  to  be  regretted 
that  the  failure  of  Congress  to  renew  this  appropriation  will  necessitate 
leaving  the  work  in  an  incomplete  state.  At  present  this  shoal  is  the 
gauge  for  the  navigation  of  the  upper  portion  of  White  River,  and  if 
improved  would  materially  benefit  the  inhabitants  of  the  adjacent 
country.  It  is  estimated  that  to  complete  the  work  as  proposed  vdH 
re<iuire  $10,000,  which  can  all  be  exx>ended  in  one  season. 

For  fiill  details  of  the  work  I  beg  leave  to  refer  to  the  report  of  Capt* 
D.  W.  Wellman,  assistant  engineer,  who,  with  CaiJt.  J.  D.  McKown  as 
assistant,  had  charge  of  the  improvement. 

New  Orleans  is  the  collection-district  in  which  the  work  is  situated,  and  the  nearest 
port  of  delivery  is  Memphis,  Tenn.   Fort  Smith,  Ark.,  is  the  nearest  fort. 

The  amount  of  revenue  collected  at  Memphis,  Tenn.,  during  the  fiscal  year  ending 
June  30,  1878,  was  $27,734.43. 

The  commerce  of  the  country  adjacent  to  the  river  is  commensurahly  large  to  the 
existing  facilities  for  transportation.  Its  amount  cannot  be  even  estimated,  as  much 
is  transported  by  teams  from  the  upper  country  to  stations  on  the  Saint  Louis  and  Sau 
Francisco  Railroad. 

Money  statemenit. 

July  1,  1877,  amount  available $9,816  67 

July  1,  1878,  amount  expended  during  fiscal  year 8, 140  17 

July  1,  1878,  amount  available 1,676  50 

Amount  (estimated)  required  for  completion  of  existing  project 10, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     10, 000  00 


report  of  captain  d.  w.  wellman,  assistant  engineer. 

United  States  Engineer  Office, 

Saint  LauiSj  Mo.y  June  30,  1878. 

Major:  I  have  the  honor  to  submit  the  following  report  regarding  the  improvement 
at  Buffalo  Shoals,  on  White  River,  Arkansas,  for  the  fis<}al  year  ending  June  30, 1878. 

Buffalo  Shoals  is  a  wide  rapid  about  6,500  feet  in  length,  the  water  flowing  over  a 
solid  rock  bottom,  and  falling  at  the  rate  of  7.1  per  mile.  The  obstructions  to  navi- 
gation are  the  shallow  water  occasioned  by  the  swift  current  and  extra  width  of 
river,  and  large  detached  ma^es  of  rock  scattered  over  the  bottom. 

In  June  and  July,  1877,  a  survey  of  the  locality  was  made,  and  a  plan  of  improve- 
ment submitted,  which  was  approved,  and  in  October  a  small  party,  under  charge  of 
J.  D.  McKown,  assistant,  was  sent  up  to  commence  the  work.  They  arrived  on  the 
ground  on  the  last  of  the  month,  and  began  preparations,  but,  owing  to  delays  occa- 
sioned partly  by  the  difficulty  of  procuring  laoor  and  team-work  in  that  sparsely  set- 
tled country,  but  principally  by  high  water  which  prevented  any  attempt  at  work  iu 
the  river  for  several  weeks,  it  was  not  until  the  20th  of  December  that  the  work  of  the 
improvement  was  actually  commenced.  In  the  mean  time,  however,  material  for  the 
dikes  had  been  accumulated  on  shore  t^  some  extent. 

The  plan  of  improvement,  as  decided  on,  was  to  clear  a  channel  200  feet  wide  of  the 
loose  rocks,  and  to  raise  the  water  on  some  of  the  most  shallow  places  by  means  of 
loose  stone  dikes  built  out  from  the  shore. 

It  was  the  intention  to  first  clear  the  channel  of  loose  rocks,  but  the  water  remaine<l 
so  high  that  at  no  time  during  the  year  was  it  possible  to  do  anything  at  that  work, 
and  attention  was  acconlingly  turned  to  building  the  dikes;  but,  on  account  of  delay* 
from  the  unprecedentedly  high  water  during  the  whole  winter  and  spring,  only  three 
of  the  dikes  have  been  completed. 

On  the  accompanying  map,  reduced  from  the  map  of  the  survey  of  1877,  the  fiill 
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black  lines  show  the  location  of  the  dikes  completed,  and  the  dotted  lines  those  pro- 
loosed.  The  broken  line  aloiij^  the  bed  of  the  stream  shows  locatitm  of  the  channel  it 
is  ])ropo8ed  to  clear,  and  is  principally  along  the  present  deep-water  channel.         "^  ^. 

The  dikes  are  bnilt  of  loose  stone,  laid  as  compactly  as  practicable,  in  1  to  6  feet  of 
water,  and  as  large  as  could  conveniently  be  ^ot  and  handled. 

Dike  No.  1  is  170  ieet  long,  and  finished  with  a  T  at  the  end.  It  is  4  feet  wide  on 
top,  slope  of  the  upstream  side  1  to  1,  and  2  to  1  on  the  downstream  side,  and  is 
about  6  feet  high,  the  top  being  3  feet  above  low  water. 

Dike  No.  2  is  275  feet  *long,  4  feet  wide  on  top,  slopes  same  as  in  No.  1,  and  3^  feet 
high,  being  3  feet  above  low  water.  When  this  dike  was  completed  the  water  on  the 
ujiper  side  stood  even  with  the  top ;  the  difference  of  level  of  the  water  above  and  be- 
low the  dike  was  then  2.6  feet.  I  saw  it  at  a  subsequent  period  when  the  water  in 
the  river  was  within  a  foot  of  low  wat«r,  and  estimated  the  difference  of  level  above 
and  below  the  dike  at  1.5  feet. 

Steamboatmen  are  particularly  ])leased  with  the  effect  of  this  dike,  it  having  raised 
the  water  in  low  stages  at  least  a  foot  on  the  most  difficult  place  to  joass  on  the  shoals. 

Dike  No.  4  is  110  feet  long  and  built  in  the  same  manner  as  Nos.  1  and  2.  The  last 
dike  (No.  4)  was  finished  in  March  last,  and  soon  after,  a  rise  of  over  20  feet  occurred  in 
the  river.  Dikes  Nos.  1  and  4  stood  perfectly.  On  No.  2  some  of  the  top  stones  were 
moved  by  the  heavy  drift  which  was  carried  over  it  by  a  very  strong  current.  These 
are  being  replaced  with  the  largest  stone  that  can  be  handled. 

The  cost  T)f  the  work  already  done  has  considerably  exceeded  the  expectation,  prin- 
cipally owing  to  the  delays  alreiwly  mentioned  and  partly  to  an  underestimate  of  the 
cost  of  procuring  stone  and  placing  it  in  the  dike.  It  was  supposed  that  stone  could 
be  hauled  by  teams  along  the  lines  of  most  of  the  dikes,  but  this  was  found  impossible 
(except  for  a  few  days)  on  account  of  high  water.  As  it  was,  most  of  the  stone  had  to 
bo  hauled  to  the  bank,  and  then  loa<led  on  a  scow  and  taken  to  the  site  of  the  dike.  The 
tremen<lous  current  most  of  the  time  also  rendered  the  handling  of  the  scow  very  slow 
and  difficult.  ^ 

On  the  31st  of  March,  finding  the  funds  remaining  barely  sufficient  for  clearing  tho 
channel  of  the  worst  bowlders  when  the  river  should  fall,  all  work  was  susi)ended. 

On  the  Ist  of  the  present  mouth  Mr.  McKown,  assistant,  again  started  for  the  shoals 
to  commence  the  work  of  clearing  the  channel,  but  up  to  this  date  the  water  has  been 
too  high  to  allow  anything  to  be  done. 

From  the  cost  of  the  work  already  done,  I  estimate  that  to  complete  the 

dikes  proposed  will  require  the  sum  of $7,000  00 

For  clearing  channel  of  loose  rock 1,  500  00 

Also  for  blasting  on  ledges  to  make  a  uniform  channel  over  the  shoals  at 
ordinary  boating  stages  of  2^  feet • 1,500  00 

Total 10,000  005 

In  the  estimate  here  made,  only  such  improvement  of  the  shoals  is  contemplated  as, 
wiU  bring  them  to  a  condition  similar  to  that  of  the  river  above  and  below.  Further 
than  that  it  will  bo  useless  to  expend  money  until  a  comprehensive  system  of  improve- 
ment for  the  whole  river  is  undertaken. 

Very  respectfully,  your  obedient  servant, 

D.  W.  Wellman, 

AsaUtant  EMjinecr^ 

Maj.  Chas.  R.  Suter, 

Corps  of  Engineers,  U.  S,  A, 


M  II. 

SURVEYS   OF  MISSOURI  RIVER   AT  OMAHA,  ATCHISON,    PLATTSMOUTH^ 

AND  BROWNVILLE. 

Office  of  the  Chief  of  Engineers, 

Washington^  JD.  0.,  February  14,  1878. 
Sir  :  The  river  and  harbor  act  of  August  14, 1876,  contained  an  item 
making  an  appropriation  of  $100,000  for  the  improvement  of  the  Mis- 
sissippi, Missouri,  and  Arkansas  Rivers,  with  a  proviso  "  That  $40,000 
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of  the  above  sum  shall  be  expended  on  the  Missouri  Eiver,  including 
ijnprovements  opposite  Saint  Joseph,  Mo.,  and  at  Nebraska  City." 

From  this  latter  sum  an  allotment  of  $5,000  was  made  for  examina- 
tions and  siu'veys  at  Omaha  and  Council  Bluffs,  Atchison,  Plattsmouth, 
and  Brownville,  as  may  be  seen  by  reference  to  pages  80  and  502  of  the 
Annual  Keport.  of  the  Chief  of  Engineers  for  1877. 

The  reports  upon  these  examinations  and  survey»have  recently  been 
submitted  to  this  office  by  Maj.  Charles  K.  Suter,  Corps  of  Engineers, 
to  whom  they  were  assigned,  and  coi)ies  of  them  are  respectfifiy  sub- 
mitted herewith,  A\ith  the  suggestion  that  they  be  sent  to  Congress  for 
the  information  of  the  Committees  on  Commerce  of  the  Senate  and 
House  of  Eepresentatives. 

In  regard  to  the  survey  at  Omaha  and  Council  Bluffs,  the  officer  in 
charge  is  of  opinion  that,  at  the  present  time,  owing  to  the  changes 
going  on,  the  permanent  rectification  of  the  channel  of  the  river  at  that 
point  cannot  be  undeitaken,  but  recommends  that  any  proposed  work 
be  directed  solely  to  the  inevention  of  fiuther  changes  whicht  may  be 
likely  to  prove  injurious.  He  thinks  that  the  first  and  most  obvious 
necessity  is  to  prevent  ftirther  enci'oacliment  on  the  Nebraska  shore,  and 
has  accordingly  limited  his  estimate  to  the  work  projected  for  this  pm*- 
l)ose.  He  recommends  a  revetment  of  the  bank  for  the  distance  of 
5,000  linear  feet,  at  an  estimated  cost  of  $80,000,  and  suggests  that  the 
whole  amount  be  appropriated,  in  order  that  the  work  may  be  con- 
structed before  the  next  high-water. 

In  reference  to  the  survey  at  or  near  Atehison,  Kans.,  Major  Suter 
states  that  it  shows  that  there  are  impending  changes  in  the  channel  of 
the  river  which  imperil  the  safety  of  the  railway-bridge,  or  will  render 
its  draw-spans  impassable  to  steamboats.  There  are  three  sources  of 
danger  referred  to  by  this  officer,  but  that  which  in  his  judgment  re- 
quiies  immediate  attention  is  the  rapid  caving  of  the  banks  in  the 
bend  immediately  above  the  bridge,  which  should  be  protected  from 
further  abrasion  as  soon  as  possible,  as  any  delay  might  entail  the  con- 
struction of  additional  works  designed  to  force  the  channel  farther  to 
the  north  and  west.  For  this  purpose  he  recommends  a  revetment  of 
about  7,000  feet  of  the  bank,  at  an  estimated  cost  of  $56,000,  and  this 
sum  he  thinks  should  be  appropriated  at  once,  as  there  is  great  danger 
that  the  work,  if  not  fully  completed,  may  be  entirely  lost. 

The  survey  at  Plattsmouth  develops  the  fact  that  the  regimen  of  the 
Missouri  River  in  the  neighborhood  of  that  town,  owing  to  the  influx 
of  the  Platte  River,  is  exceedingly  unstable,  and  that  the  erosion  of  the 
banks  tlireatens  the  destruction  of  much  valuable  farming-land,  and 
seriously  endangers  the  safety  of  the  railroads  running  to  that  point 
The  extent  of  the  threatened  damage,  as  well  as  the  cost  of  protection, 
cannot  be  ascertained,  however,  until  further  detailed  surveys  are  made. 
These  surveys  Major  Suter  thinks  should  cover  the  whole  ground  be- 
tween Plattsmouth  and  Omaha,  a  distance  of  30  miles,  and  w^ould  cost 
about.  $3,500.    He  recommends  the  appropriation  of  this  sum. 

In  regard  to  the  examination  at  Brownville,  Nebr.,  Major  Suter  re- 
ports that  the  erosion  of  the  banks  on  the  Missouri  side  of  the  river  is 
causing  a  recession  of  the  sharp  bend,  at  the  foot  of  which  this  town  is 
situated,  downstream,  and  threatens  to  fill  up  the  harbor;  at  the  same 
time  the  cutting  of  the  Nebraska  shore  in  front  of  and  below  the  town 
is  destroying  much  valuable  property.  He  says  the  actual  extent  of  the 
work  required  to  protect  the  banks  cannot  be  decided  until  a  survey  is 
made,  though  from  present  indications  the  cost  of  the  protection  may 
be  $50,000.    He  recommends  a  further  survey  extending  to  join  that 
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already  made  at  Nebraska  City,  a  distance  of  33  miles,  at  an  estimated 
cost  of  $3,000. 
The  views  and  recommendations  are  concurred  in. 
Very  respectfully,  your  obedient  servant, 

A.  A.  Humphreys, 
Brig.  Gen.  and  Chief  of  Engineers. 
Hon.  Geo.  W.  McCrary, 

ISecretary  of  War. 


United  States  Exan^ER  Office, 

tiiaint  Loim^  Mo.j  December  14,  1877. 

General:  In  accordance  \\ith  your  instnu'tions  of  Ajml  30, 1877,  I 
dispatched  a  party  to  Ouiaha,  Nebr.,  on  May  10,  to  make  a  survey  of  the 
Missouri  Kiver  at  that  point,  with  a  view  to  determining  whether  it  were 
l)ossible  to  i)revent  the  formation  of  a  threatened  cut-off,  and  generally 
to  protect  the  banks  in  the  neighborhood  from  the  encroachments  of  the 
river.  At  the  time  this  survey  was  made  the  water  was  akeady  flowing 
over  the  neck  in  several  i)lace8,  and  before  the  subject  could  be  consid- 
ered the  river  broke  through. 

During  the  month  of  November  another  survey  was  made,  and  the 
results  of  the  two  surveys  are  set  forth  on  the  map  which  accompanies 
this  report.  The  cut-off  wa«  fonue<l  July  8,  and  a  verj'  \'iolent  erosion 
began  at  the  ai)ex  of  the  new  bend,  threatening  all  the  low  ground  in 
fi'ont  of  the  bluff's,  with  the  car-shops  of  the  Union  Paxnfic  Railroad  and 
other  buildings  erected  on  it,  as  well  as  tlie  western  ai)i)roaclies  to  the 
bridge.  The  danger  was  met  by  the  Union  Pacific  Eailroad  Company, 
who  constructed  a  loose  stone  revetment  along  the  portion  of  the  baiik 
most  \iolently  attacked,  and  succeeded  finally  in  checking  the  erosion 
until  the  falling  of  the  river  removed  the  immediate  danger.  It  Is,  how- 
ever, pretty  certain  that  at  the  next  flood-stage  the  cutting  will  be  re- 
newed, and  there  is  no  telling  when  it  vdll  stoj).  The  river  is  yet  in  a 
very  unstable  condition,  the  slope  being  inordinately  gieat  and  the 
curvatiu^  of  the  bend  excessive.  I  do  not,  therefore,  consider  that  it 
would  at  present  be  practicable  to  attempt  the  permanent  rectification 
of  the  chaimel,  but  would  recommend  that  any  work  done  be  solely 
directed  to  prevent  any  further  changes  which  may  seem  likely  to  i)rove 
injurious.  I  consider  that  the  first  and  most  obvious  necessity  is  to  pre- 
vent any  fiuther  encroachments  on  the  Nebraska  shore  above  the  bridge. 
If  this  is  done  it  is  probable  that  the  whole  bend  will  move  downstream, 
and  this  should  be  allowed  to  take  place  until  the  channel  strikes  the 
line  of  the  bridge  at  right  angles.  As  soon  as  this  is  accomplished  the 
Iowa  shore  above  the  i)oint  will  have  to  be  held.  Ko  estinmtes  for  this 
work  can  yet  be  submitted,  and,  as  the  work  may  not  be  needed  for  seve- 
ral years,  I  have  confined  my  estimates  to  the  protection  of  the  Nebraska 
shore  above  the  bridge. 

The  report  of  my  assistant,  Mr.  Boehmer,  will  give  all  the  facts  neces- 
sary for  a  full  comprehension  of  the  subject.  I  have  submitted  a  ditt'er- 
ent  plan  for  the  work  required,  because  I  do  not  consider  it  solely  a 
matter  of  protecting  any  particular  structures  on  the  low  ground  between 
the  bluffs  and  the  river,  but  that  the  problem  is  more  especially  the  broad 
one  of  preventing  the  river  from  taking  a  shape  that  will  throw  the 
channel  obliquely  across  the  line  of  the  bridge  and  render  it  impassable 
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for  steamboats.  I  recommend  that  the  revetment  already  begun  by^the 
Union  Pacific  Railroad  Company  be  extended  in  both  directions,  about 
4,000  feet  below  and  1,000  feet  above  their  work,  using  for  this  purpose 
fascine  mattresses,  loaded  with  stone,  as  has  been  done  under  my  direc- 
tion at  Saint  Joseph,  Mo.  This  work  should  be  done  before  the  next 
high- water,  and  the  whole  sum  asked  for  should  be  appropriated  at  once, 
both  with  a  \iew  of  reducing  the  cost  of  materials  and  also  to  prevent 
the  whole  work  from  being  lost  through  incompleteness. 

ESTIMATE  FOR  REVETTING  5,000  LINEAR  FEET  OF  BANK. 

5,000  cords  bnish,  made  into  fascine  mattresses  and  placed  in  position,  at 

$3.50  per  cord $17,500 

20,000  yards  rock,  placed  in  position,  at  $3  per  yard 60, 000 

Contingencies • 2,500 

Total eO,000 

I  am,  general,  very  respectfully,  your  obedient  serv^ant, 

Chas.  E.  Suter, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Hitmphreys, 

Chief  of  Engineers^  U.  8.  A. 


REPORT  OF  MR.    MAX  BOEHMER,   ASSISTANT  ENGINI':ER. 

Saint  Louis,  Mo.,  December  7,  1877. 

Major  :  During  the  latter  part  of  May,  1877,  a  survey  was  made  of  the  MLssouri 
River,  in  the  vicinity  of  Omaha,  Nehr.,  with  a  view  of  ascertaining?  the  proper  means 
for  preventing  an  anticipated  cut-off  through  the  Iowa  point  opposite,  or  eUje  to  devise 
plans  intended  to  ameliorate  the  dangerous  consequences  of  such  occurrence. 

My  report  on  this  survey,  dated  June  27,  1877,  intencLs  to  estahlish  the  impractica- 
bility both  of  prevention  and  amelioration  of  the  danger,  and  reconmiends  that  no 
action  be  taken  until  after  the  occurrence  of  the  cut-off,  and,  further,  that  time  enough, 
be  allowed  for  the  river  to  partly  re-establish  its  normal  regimen. 

Shortly  after,  on  the  8th  of  July,  1877,  the  cut-oft'  happened,  and  the  river  broko 
throughthe  Iowa  i>oint  with  tremendous  force. 

A  resurvev  of  the  ground  was  ordered,  and  the  field-work  commenced,  on  the  23d  of 
October,  1877. 

The  results  of  this  survey,  accompanied  by  the  usual  maps,  I  respectfuUy  submit  ia 
the  foUowing  report : 

In  breaking  through  the  peninsula,  the  newly-formed  channel,  with  greatly  increased 
velocity,  threw  its  entire  force  straight  into  the  Nebraska  shore,  on  a  line  leading^ 
directly  toward  the  Union  Pacific  Railroad  shops.  A  terrible  erosion  of  the  bank  at' 
that  point  was  the  consequence,  and  the  river  had  cut  into  the  shore  a  distance  of 
1,200  feet  when  further  inroads  were  checked  by  extraordinary  efforts,  under  the 
direction  of  the  Union  Pacific  Railroad  Company.  Sand-bags,  stone,  and  brush  in 
large  quantities  were  thrown  into  the  river  at  the  points  most  severely  attacked,  and 
a  strong  revetment  2,000  feet  long  constructed.  The  different  data  arrived  at  by  the 
survey  show  plainly  that  the  river  is  still  in  a  greatly  unsettled  condition. 

Just  below  the  cut-off,  and  along  the  revetment,  the  river  now  turns  at  a  radius  of 
only  1,200  feet,  and  this  sharp  curve  occasions  a  flat  slope  of  0.31  foot  per  mile  for  some 
distance  above,  w^hile  farther  up  the  river,  and  below  the  bridge,  a  fall  reaching  1.10 
to  1.30  feet  per  mile  has  been  found.  The  current,  as  it  leaves  the  sharp  bend  spoken 
of,  is  still  swift,  entirely  beyond  its  normal  velocity,  for  here  the  greatest  speed  foond 
was  5.08  miles  per  hour  at  the  surface  and  4.35  uiiles  at  mid-depth.  That  such  cur- 
rent is  abnormally  swift  is  proven  by  the  fact  that  five  months  previous,  during  a  stage 
7  feet  liigher,  the  maximum  found  was  5.85  miles  at  the  surface  and  5.23  at  mid-depth. 

The  greatest  velocity  found  during  a  similar  sta^e  of  low-water  at  Saint  Joseph, 
Mo.,  was  but  2.47  miles  per  hour.  Even  the  slope  of  the  river  for  a  distance  of  14  muea 
was  found  in  a  still  unsettled  condition. 

The  difference  of  elevation  in  the  river's  surface  between  Florence  and  a  point  three 
miles  below  the  bridge  has  decreased  but  0.4  foot,  although  the  distance  between  these 
points  has  been  reduced  by  the  cut-oft'  from  18  to  14  miles.     Before  the  change  in  the 
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river,  at  a  stage  13  feet  above  low-water,  the  mean  slope  between  these  points  was  0.66 
foot  per  mile ;  at  present,  at  a  stage  of  6  feet,  it  is  as  much  as  0.82  foot  per  mile.  It 
may  safely  l>e  assertcMl  that  the  greater  part  of  this  iiicrea«e  is  still  due  to  the  sudden 
change  of  the  regimen  of  the  river.  A  discharge  taken  at  a  stage  of  6  feet  gives  the 
following  figures :  n  .^r 

Average  velocity  3.29  feet  per  second,  which  equals  2.24  miles  per  hour;  area  of 
cross-section  equals  5,007.6  s(iuare  feet ;  discharge  per  second  equals  20,178.4  cubic  feet. 

Concluding,  by  rea«(m  of  the  above  figures,  that  the  river  litis  not  recovered  it.s  ecjui- 
librium  and  natural  shape  in  the  vicinity  of  the  cut-off,  a  continuation  of  the  violent 
action  during  the  last  high-water  may  be  expected  the  coming  season. 

Up  to  this  time  the  Union  Pacific  revetments  have  held  the  river,  and  will  probably 
continue  to  do  so,  tis  long  as  the  latter  remains  in  its  low  stage,  even  at  the  very  sharp 
curve  of  1,200  feet  radius.  But  it  is  evident  that  the  high-watei-s  of  next  June  cannot 
be  turned  at  such  an  angle,  and  it  must  be  expected  that  the  river  will  force  an  easier 
curve  and  freer  passage  at  this  point,  not  through  the  revetment,  perhaps,  but  either 
above  or  below  it.  The  i)oint  ot  impact  on  the  Nebraska  shore  at  present  lies  a  little 
above  the  middle  of  the  revetment. 

But  this  will  change  as  the  river  rises,  and  it  seems  highly  probable  that  during  the 
first  part  of  the  fiood-season  the  west  side  of  the  island  created  by  the  cut-off  will  be 
cut  away  farther,  and  that  in  consequence  the  main  attack  of  the  channel  will  be 
<lirected  against  the  shore  above  the  riprap.  But  at  the  name  time,  and  as  long  as 
the  flood  busts,  the  Iowa  point,  sharp  and  narrow  as  the  last  high-water  has  left  it- 
will  be  equally  expos<Hl  and  cut  away  by  the  current  for  some  distance.  This  natural 
action  on  the  Iowa  point  will  be  largely  increased  in  power,  not  cmly  by  the  resisting 
force  of  the  ripraps,  but  also  by  the  bed-rock  beneath  and  beyond  the  latter. 

Such  partial  destructi<m  of  the  Iowa  point  will  not  only  allow  but  even  compel  the 
river  to  turn  sooner,  and  at  the  same  tiiue  will  furnish  room  for  an  easier  curve.  Inr 
consequence,  the  channel  will  strike  the  Nebraska  shore  at  a  point  below  the  rii)raj»8,. 
and  in  a  line  toward  the  smelting- works.  From  here  the  channel  will  work  its  way 
along  the  Nebraska  shore,  and  remain  permanent  under  the  first  or  second  span  of  the 
bridge  on  the  west  side. 

Should  this  theory  prove  to  be  correct,  the  Union  Pacific  Kailroad  shops  would  remain 
unharmed.  But  should  the  river,  as  seems  possible,  work  its  way  behind  the  revetment 
fi-om  above,  and  keep  on  in  this  direction,  the  point  of  im]>act  moving  upstream,  even 
then  the  Union  Pacific  shox)s  would  be  safe  n'om  destruction  by  reastm  of  the  high, 
elevation  of  the  bed-rock  underneath  them.  The  low-water  channel  can  never  reach 
even  the  extreme  eastern  parts  of  the  shops,  because  the  bed-rock  at  tliis  point  is  but 
4.3  feet  below  low-water. 

For  the  same  reason  the  main  thread  of  the  current  during  the  high-water  will  be 
held  away  fn)m  this  point,  since  it  cannot  dig  a  sufficiently  deep  channel  to  create  a 
permanent  bed. 

Side  currents  may  eventually  wash  away  the  earth  up  to  the  shops,  but  against  such 
the  banks  can  be  easily  held.  Only  the  main  channel  of  the  river  is  to  be  really  feared. 
At  the  western  edge  of  the  shojis,  the  bed-rock  rises  to  within  1.6  feet  of  low- water 
mark,  a  dip  of  2.7  feet  in  660  feet. 

For  the  reasons  set  forth  above,  I  consider  the  Union  Pacific  shops  exempt  from 
danger,  whatever  action  the  river  may  pursue  in  its  next  rise.  They  surely  may  bo 
considered  safe  for  one  season,  and  I  would  therefore  recommend  that  at  present  only 
such  points  be  protected  as  are  plainly  and  clearly  in  danger,  since  the  river  during 
one  year  maj'  change  in  such  a  manner  as  to  dictate  a  line  oi  improvement  entirely 
different  from  that  indicated  by  its  present  aspect,  and  work  may  bo  wasted  at  i)oints 
which  the  river  never  will  touch. 

Only  the  smelting- works  and  the  western  approach  of  the  bridge  will,  in  my  opin- 
ion, be  dangerously  exposed  to  the  violent  action  of  the  river  during  the  next  high- 
water,  because  both  points  lie  in  the  line  of  attack^  and  neither  is  guarded  sufficiently 
by  the  bed-rock  underneath. 

At  the  toe  of  the  western  embankment  the  bed-rock  lies  13  feet  below  the  zero  of 
the  gauge,  and  on  a  straight  line  from  here  to  a  point  about  100  feet  east  of  the  smelt- 
ing-works  the  mean  depth  of  the  bed-rock  (derived  from  seven  soundings)  is  12.8  feet 
below  low-water. 

In  giving  the  elevations  of  bed-rock  below  low-water,  a  slope  of  0.7  foot  per  mile 
has  been  assumed. 

It  is  probable  that  one  season  of  high-water  will  give  sufficient  time  to  carry  the 
channel  dangerously  close  to  or  even  beyond  these  points,  and  it  is  therefore  necessary 
to  begin  the  work  as  soon  as  possible,  and  finish  it  before  the  height,  of  the  June  rise 
inundates  the  ground. 

The  protection  I  would  recommend  for  this  purpose  consists  of  two  separate  revet- 
ments, built  of  stone  only,  and  located  as  far  back  toward  the  bluffs  as  possible,  to  take 
a<lvantage  of  the  higher  elevation  of  the  bed-rock,  these  ripraps  to  be  located  as 
shown  on  the  accompanying  sketch.    No  stone  containing  less  than  one  cubic  foot 
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shoiild  be  used  in  their  construction.  One  of  these  revetments,  800  feet  long,  to  l»e 
huilt  at  the  west  approach  of  the  bridge,  the  other,  1,200  feet  long,  close  to  and  in 
front  of  the  smelting- works,  and  the  faces  of  both  in  exact  line  with  each  other,  and 
in  line  with  the  projecting  p^^i"^*  ^^  ^^^  blnff,  about  a  mile  below  the  bridge. 

To  build  these  ripraps  back  from  the  shore  I  would  propose  to  dig  trenches  with  a 
slope  of  1 : 1  on  the  inside  and  1^ :  1  on  the  outside,  and  nil  them  ^ith  stone,  in  a  man- 
ner shown  by  the  sketch  below. 

The  stage  of  the  river  up  to  the  end  of  April  would  allow  a  depth  of  10  feet  for 
these  trenches,  and  make  it  possible  to  draw  off  the  water  by  means  of  ditching.  It 
is  expected  that  the  river  will  work  to  these  ripraps,  and,  by  undermining,  cause  the 
stone  to  tumble  in  and  take  its  own  slope ;  there  is  stone  enough  to  form  a  riprap  3 
feet  thick,  and  reaching  down  to  bed-rock  at  a  slope  of  1:1.  Some  repairs  and  addi- 
tional stone  may  be  necessary  in  places  hereafter,  but  in  the  main  these  rii>rap8  would, 
I  believe,  be  largely  sufticient  to  hold  the  bank. 

The  cost  of  this  work  is  estimated  as  follows : 

3,000  linear  feet  riprap,  at  4.33  cubic  yard 12, 990  cubic  yards  stone. 

Subtract  25  per  cent,  for  solid-rock  measure 3, 247  cubic  yards  stone. 

Total 9,743  cubic  yards  stone. 

For  the  following  esthnate  of  earth-excavation  1,000  linear  feet  of  trench  is  allowed 
for  ditching. 
4,000  Unear  feet  of  trench,  at  4.63  cubic  yard 18, 520  cubic  yards  earth. 

COST. 

9,743  cubic  yards  solid  rock  (placefl),  at  1^3.50 |34,100  50 

18,520  cubic  yards  earth-excavation,  at  20  cents 3, 704  00 

37,804  50 
Contingencies 3,795  50 

Total  cost 41,600  00 

According  to  your  instructions,  the  sur\ey  was  extended  farther  on  the  other  side  of 
the  river,  so  as  to  gather  all  available  information  and  investigate  the  apjirehended 
danger  to  the  city  of  Council  Bluffs,  Iowa.  Additional  lines  were  run  for  that  pur- 
X)08e,  especially  to  establish  the  location  of  the  lake  and  the  line  of  bluffs  above  that 
town.     The  result  shows  no  immediate  danger  from  any  direction  whatever. 

Quite  a  large  part  of  Council  Bluffs  is  built  on  the  Missouri  River  bottom,  and  is  for 
that  reason  alone  to  be  considered  as  standing  on  dangerous  gi'ound,  since  the  river  is 
liable,  in  its  continual  changes,  to  strike  any  point  between  the  blulf's;  but  that  there 
is  no  special  or  immediate  danger  to  any  x>art  of  that  town  at  the  x>re8ent  time  is 
proven  by  the  following  facts  and  figures,  viz: 

The  bluffs  above  the  city  protect  it  to  a  large  extent;  the  nearest  point  of  the  river- 
bed is  still  9,500  feet  distant  from  the  Chicago  and  Northwestern  depot  on  Broailway; 
the  apex  of  the  bend  below  town  is  15,800  feet  distant  from  the  same  point:  and  the 
peninsula,  at  its  naiTowest  point,  is  still  23,000  feet,  or  a  little  less  than  4^  miles,  wide. 

The  river  may  hereafter  possibly,  and  even  probably,  work  its  way  into  its  old  bed, 
the  present  lake;  but  even  this  would  not  endanger  the  city,  but,  on  the  contrarj% 
would  create  a  more  desirable  landing,  and  still  leave  the  river-bed  a  distance  of  7,500 
feet  from  the  Northwestern  depot. 

In  addition  to  all  this,  the  recent  formation  of  the  cut-off  will  draw  off  the  water 
from  above  faster,  and  thereby  give  the  river  a  tendency  to  straighten  out  in  that 
locality.     This  will  lessen  the  danger  of  severe  encroachments  for  some  years  to  come, 
especially  since  the  flood-level  has  also  been  lowered  by  the  same  agency. 
Very  respectfully, 

Max  Bokumek, 

Assistant  Engineer, 

Maj.  Charles  R.  Suter, 

Corp8  of  Engineers^  U.  S.  A. 


survey  of  missouri  river  at  atchison,  kansas. 

United  States  Engineer  Office, 

Saint  LouiSj  Mo.j  January  3,  1878. 

General:  I  have  the  honor  to  submit  herewith  a  report  and  map  of 
a  survey  made  of  the  Missouri  Eiver,  near  Atchison,  Kans.,  by  my 
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assistant,  Mr.  Max  Boelimer,  in  compliance  with  your  instructions  of 
May  18, 1877.  From  this  report  it  will  be  seen  that  there  are  impending 
changes  in  the  channel  of  the  river  at  this  point  which  threaten  to 
destroy  the  railroad-bridge,  or  to  render  its  draw-spans  impassable  for 
steamboats. 

Three  sources  of  danger  are  noticed:  First,  it  appears  that  in  the  bot- 
tom-land on  the  Missouri  side  of  the  river  there  exists  a  chain  of  lakes^ 
which  are  quite  probably  the  remains  of  ancient  channels  of  the  river. 
Much  apprehension  is  felt  that,  owing  to  ice-gorges  or  other  causes,  the 
river  might  break  through  into  these  lakes  and  abandon  its  present 
channel  altogether.  This  contingency,  although  not  impossible,  1  regard 
as  highly  improbable,  for  although  tiiere  are  thousands  of  instances  of 
similar  lakes  scattered  through  the  bottom-lands  of  the  Missouri,  IVIissLs- 
sippi,  and  Arkansas  Kivers,  yet  no  instance  has  yet  been  recorded,  to 
my  knowledge,  of  a  change  occurring  of  the  character  apprehended  here. 

The  second  source  of  danger  lies  above  Atchison,  where  a  narrow 
neck  separates  two  bends  of  the  river.  There  is  considerable  abrasion 
on  the  upper  side  of  this  neck,  and  it  is  possible  that  a  cut-off  may 
eventually  form  here.  Still,  the  danger  is  not  very  great,  as  the  lower 
side  of  the  neck  is  not  much  affected  and  the  point  of  impact  is  working 
down  stream.  It  would  be  desirable,  however,  to  extend  the  survey 
several  miles  farther,  and  to  watch  and  note  any  further  changes  in  this 
neighborhood. 

The  immediate  source  of  danger  lies,  however,  in  the  rapid  caving  of 
the  Missouri  shore  in  the  bend  immediately  above  the  bridge.  This  has 
already,  since  the  completion  of  the  bridge,  progressed  to  an  extent  that 
seriously  threatens  both  the  structure  itself  and  the  maintenance  of 
navigation  through  the  draw-spans. 

It  seems,  therefore,  imperatively  necessary  to  protect  this  bank  from 
further  attack  as  soon  as  possible,  as  any  delay  will  probably  entail  the 
construction  of  additional  works  designed  to  force  the  channel  farther  to 
the  north  and  west. 

Mr.  Boehmer  recommends  that  about  7,000  feet  of  bank  be  protected 
by  a  revetment  of  mattresses  loaded  with  stone,  and  submits  an  esti- 
mate therefor  of  $56,000.  The  character  of  the  work  would  be  similar 
to  that  carried  on  during  the  past  season  at  Saint  Joseph,  Mo.,  and 
which  has  proved  satisfactory.  Tlie  plan  and  estimate  are  approved  by 
me,  and  I  would  merely  add  that  if  the  work  be  undertaken,  the  whole 
sum  should  be  appropriated  at  once,  as  there  is  great  danger  that  the 
work,  if  incompletely  carried  out,  may  be  entii^ely  lost. 

1  am,  general,  very  respectfiilly,  your  obedient  servant, 

Charles  E.  Suteb, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 


REPORT  OF  MR.   MAX  BOEHMER,  ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  December  28,  1877. 

Major  :  I  have  the  honor  to  submit  the  foUowing  report  on  the  survey  of  the  Mis- 
sissippi River  in  the  vicinity  of  Atohison,  Kans. 

The  field-work  was  done  during  the  first  part  of  November.  1877,  and  takes  in  a  dis- 
tance of  12  miles  by  channel  from  a  point  3  miles  below  the  oridge  to  the  apex  of  the 
bend  above  Doniphan,  Kans. 

The  stage  of  the  river  at  the  time  was  recorded  as  4  feet  6  inches  above  low-water 
mark  on  the  bridge-gauge  at  Saint  Joseph,  Mo.    The  zero  of  this  gauge  would  be  more 
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•  correct  if  assumed  2  feet  lower.  This  would  malce  the  actual  stage  during  the  survey 
6  feet  6  inches  above  the  lowest  water,  or  15  feet  6  inches  below  the  high  water  of 
1844. 

The  slope  of  the  river  near  Atchison,  measured  at  short  distances,  shows  considera- 
ble irregularity,  ranging  from  0.48  to  0.90  foot  per  mile.  But  comparing  the  slopes  of 
longer  stretches,  from  3  to  5  miles  in  length,  more  uniformity  is  found,  i.  e,,  from  0.60 
to  0.76  foot  per  mile,  while  the  mean  slope  of  the  entire  distance  surveyed  was  found 
to  be  0.70  per  mile. 

There  is  no  immediate  danger  on  hand  from  any  quarter  in  this  locality,  nor  is  such 
apprehended  by  corijorations  of  individuals  interested ;  but  there  is  ^ood  cause  for 
apprehension  in  the  near  future  from  two  different  and  distinct  directions.  A  third 
danger,  also,  is  pointed  out  in  the  i>os8ibility  of  a  sudden  or  gradual  entrance  of  the 
river  into  the  chain  of  lakes,  running  in  a  southerly  direction  and  on  a  line  from  2  to 
3  miles  eitst  of  the  bridge.  Such  occurrence,  however,  I  consider  as  impossible,  judg- 
ing from  the  character  and  the  condition  of  the  ground,  and  it  could  be  brought  about 
only  by  a  succession  of  preliminary  changes  which,  by  reason  of  their  nature  and 
extent,  would  alter  the  relative  conditions  so  radically  as  to  present  a  case  of  entirely 
different  aspect.  The  great  volume  of  water  will  take  the  way  of  least  obstruction, 
.  and  the  nature  of  the  ground  at  present  justifies  the  assertion  that  the  heaviest  ice- 
gorge  in  the  bed  of  the  river  would  appear  insignificant  as  an  obstruction  compared  to 
the  natural  iinx)ediments  prohibiting  the  formation  of  a  channel  through  the  chain  of 
lakes.  The  stretch  of  high  ground,  4,200  feet  wide,  separating  the  upper  lake  from 
Sugar  Lake,  presents  an  obstruction  far  more  formidable  than  any  that  could  possibly 
form  in  the  bed  of  the  river  at  either  its  high  or  low  stage. 

But  there  is  danger  in  store  for  the  bridge  from  the  continual  abrasion  of  the  Mis- 
souri shore  directly  al)ove  it,  and  also  from  the  iKissible  formation  of  a  cut-off  through 
the  neck  of  land  opjMisite  Doniphan.  Should  the  river  break  through  here,  it  would  be 
impossible  to  foretell  the  consequences,  and  entirely  impracticable  (by  reason  of  the 
enormous  cost)  to  guide  the  water  safely  past  the  bridge.  Such  radical  change  in  the 
river  may  occur  possibly  without  harming  the  bridge  to  any  great  ext^^ut;  but  it  is  far 
more  probable  that,  in  breaking  through  and  striking  the  Kansas  shore,  the  river  will 
rebound,  strike  the  east  end  of  the  bridge,  and  establish  its  main  channel,  at  least  for  a 
time,  under  one  of  the  fast  sx)ansy  making  the  structure  at  once  a  total  impediment  to 
navigation.  And  should  the  channel  work  its  way  under  either  of  the  two  most  east- 
em  HiiniiK,  it  will  in  all  probability  result  in  the  destrucrion  of  both,  since  neither  the 
most  eastern  pier  nor  the  east  abutment  have  their  foundation  on  the  1>ed-rock  under- 
neath. This  may  not  be  a  necessary  consequence  under  ordinary  circumstances  and 
at  a  normal  condition  of  the  river,  but  it  is  almost  sure  to  happen  under  the  heavily- 
increa*M*d  pressure  consequent  upon  the  formation  of  a  cut-off  only  3  miles  above.  The 
only  safety,  therefore,  lies  in  the  prevention  of  the  cut-off. 

The  width  of  the  neck  under  question  is  still  5,300  feet  at  the  narrowest  point;  the 
ground  is  high  and  old,  and  covered  with  heavy  timber,  and  there  is  but  little  cause 
for  apprehension  for  some  years  to  come,  especially  since  the  lower  side  of  the  neck  is 
safe  from  further  encroachment,  because  here  the  river  is  held  in  check  by  the  blufis 
on  the  Kansas  side  alcove.  But  the  upper  side,  from  the  peculiar  shape  of  the  river  at 
that  i)oint,  is  in  a  position  to  be  attaclced  severely ;  and  such  attack  is  apt  to  increase 
in  iK>wer  the  farther  the  river  eat»  into  the  shore,  because  such  action  will  tend  to 
decrease  in  proportion  the  radii  of  the  reversed  curve  which  the  channel  assumes  from 
here  to  the  bluffs  below.  The  upper  side  of  the  neck,  therefore,  alone  needs  protec- 
tion, and  to  ascertain  the  proper  method  a  further  survey,  reaching  8  miles  above  the 
present,  is  necessary. 

The  second  danger  to  the  bridge  has  its  source  in  the  caving  of  the  Missouri  bank  in 
the  bend  above  the  bridge.  This,  if  allowed  to  continue,  may  cause  the  channel  to 
leave  its  position  under  the  draw,  and  at  last  even  endanger  the  safety  of  the  eastern 
end  of  the  bridge.  The  river  has  been  suffered  to  cut  into  the  bank  too  far  already  at 
this  point,  and  it  would  be  preferable  in  a  contemplated  improvement  to  re-establish 
the  snore-line  of  1873  bv  means  of  a  dike  built  of  mattresses.  But  the  greater  cost  of 
such  improvement  would  hardly  be  justifiable,  since  the  present  shore-line  leads  the 
channel  directly  under  the  draw,  over  90  per  cent,  of  the  water  in  the  river  }ias8ing 
under  it  at  a  channel-depth  of  53  feet. 

By  reference  to  the  map,  it  will  Ite  seen  that  since  1873  the  banks  of  the  l)eud  have 
been  cut  away  more  or  less,  and  to  a  maximum  of  800  feet,  with  the  exception  of  a 
streti»h  3,400  feet  long,  which  has  l>e^n  left  intact,  and  remains  exactly  the  same  as  it 
was  four  years  ago.  This  strij)  is  situated  just  below  the  old  river-bed,  and  the  cause 
of  its  preservation  may  be  found  partly  in  the  peculiar  shape  of  the  bend,  as  the  draw- 
ing will  show,  and  partly  in  the  stronger  resistance  of  the  material  deposited  in  the 
old  river-lwjd.  This  material  consists  of  fine  sediment  and  vegetable  matter  entirely, 
without  any  mixture  of  coarse  sand.  I  thiuk  it,  therefore,  suflieieiit  at  present  to  pnv 
tect  the  shore  ui>  to  this  iM)int,  a  distance  of  7,000  feet.  Hereafter  the  continued 
cutting  above  will  probably  necessitate  a  further  revetment  alwve ;  but  the  longer  this 
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may  be  avoided,  the  lew  revetment  will  eventually  be  required,  since  the  point  of 
impact  at  the  head  of  this  bend  is  moving  downstream,  and  will  continue  to  do  so  as 
fast  as  the  Kansas  sliore  below  Independence  Creek  is  washed  away. 

The  importance  of  the  Atchison  bridge,  because  of  the  heavy  traffic  over  it,  strength- 
ens the  argument  that  steps  should  be  taken  as  soon  as  possible  to  assure  its  safety ; 
and  the  interest  of  the  free  navigation  of  the  river  demands  that  efficient  measures  oe 
emi>loyed  to  secure  the  permanency  of  the  channel  in  its  present  position,  under  the 
drawHspan  of  the  bridge. 

For  the  protection  of  the  bend  above  the  bridge,  I  would  recommend  a  simple  revet- 
ment of  mattress-work,  loaded  with  stone  and  built  to  a  height  of  6  feet  above  low- 
water  ;  the  entire  work  to  be  7,000  feet  long  and  40  feet  wide. 

Assuming  the  price  of  stone  delivered  at  $2  per  cubic  jrard,  and  brush  delivered  at 
$1.25  per  cord,  the  cost  of  the  work,  with  contingencies,  is  estimated  at  f8  per  linear 
foot,  making  the  cost  of  the  entire  work  8  X  7,000  =  $56,000. 
Very  respectfully, 

Max  Boehmer, 
Assintant  Engineer, 
Maj.  Charles  R.  Si'ter, 

Corps  of  Engineers,  U.  S.  A. 


examination  of  missoubi  biveb  at  plattsmouth,  nebraska. 

United  States  Engineeb  Office, 

Saint  LouiSj  Mo.j  Febrtuiry  9,  1878. 
Geneeal:  I  have  the  honor  to  forward  herewith  the  report  of  an  ex- 
amination made  at  Plattsmouth,  Nebr.,  by  Mr,  A.  H.  l^laisdell,  assistant 
engineer.  From  this  report  it  will  be  seen  that  the  regimen  of  the 
Missonri  Eiver,  in  this  neighborhood,  owing  to  the  influx  of  Platte  River, 
is  exceedingly  unstable,  and  that  the  erosion  of  the  banks  threatens  the 
destruction  of  much  valuable  farming-land  and  seriously  endangers  the 
railroads  running  to  this  point. 

The  extent  of  damage  threatened  as  well  as  the  cost  of  protection 
cannot  be  given  without  a  regular  survey,  which  should  cover  the  whole 
ground  between  Plattsmouth  and  Omaha,  in  order  to  give  a  clear  idea 
of  the  subject.  The  total  length  of  survey  required  would  be  30  mUes, 
and  the  cost  would  be  $3,500,  which  it  is  recommended  should  be  appro- 
l)riated  for  the  purpose. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  R.  Suteb, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphbeys, 

Chief  of  Engineers^  United  States  Army. 


beport  of  mr.  a.  h.  blaisdell,  assistant  engineer. 

United  States  Engine kr  Office, 

Saint  LouiSj  Mo.,  January  15,  1878. 

Major  :  Tlte  following  report  is  the  result  of  my  recent  examination  of  the  Missouri 
River,  at  Plattsmonth,  Weln*.: 

In  the  vicinity  of  PlattHmouth,  the  channel  and  bars  of  the  Missouri  Biver  are  sub- 
ject to  more  radical  changes  than  they  are  at  almost  any  other  portion  of  \\h  course. 
The  Platte  River,  which  here  enters  tiie  lari^er  stream,  has  its  greatest  flowl,  from  3  to 
5  feet,  usually  in  April,  while  that  of  the  Missouri  occurs  generally  in  June. 

In  consequence  of  this  non-conformity,  the  point  of  junction  of  the  two  rivers  dif- 
fers quit«  widely  in  different  years,  and  even  in  the  same  year;  the  Platte,  in  freshet, 
sweeps  its  way  through  the  sand-bars  deposited  by  the  Mi.ssouri  during  its  high  water, 
and  again  has  its  mouth  changed  when  the  larger" stream  is  in  flood. 

A  small  sketch  of  the  vicinity,  made  during  my  examination  in  December,  accom- 
pnnies  this  report. 
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On  the  Plattsmouth  side  the  river  has  worn  awa^  the  banks  where  ten  years  ago 
was  a  considerable  bottom  up  to  the  toe  of  the  bhins,  while  on  the  Iowa  side  the  two 
rivers,  acting  coi\iointly,  have  for  a  long  time  been,  and  are  now,  making  deep  inroads 
into  the  rich  farming  alluvial  lands. 

Plattsmouth  is  the  eastern  terminuB  of  the  Burlington  and  Missouri  River  Railroa<l 
in  Nebraska,  between  which  and  the  Iowa  division  of  the  Chicago,  Burlington  and 
Quincy  Railroad  a  large  and  increasing  transfer-bu^iuess  ia  maintained. 

In  order  to  preserve  an  already  restricted  depot  and  yard  grounds,  the  Burlington 
and  Missouri  River  Railroad  Company  was  obliged  to  protect  the  Nebraska  bank,  and 
this  they  have  quite  successfully  accomplished  by  a  stone  revetment  extending  for 
over  a  mile  from  the  end  of  their  trtick  north wanl.  With  the  exception  of  a  few 
slides,  this  revetment  has  stood  well,  most  of  it  probably  retiching  to  bed-rock,  whidi 
outcrops  in  places  in  the  bank. 

On  tne  Iowa  side,  however,  the  problem  was  more  diflScult;  the  rock  is  here  about 
80  feet  below  the  level  of  the  bank,  along  which  the  channel  generally  ran  with  a  velocity 
of  from  4  to  5  miles  per  hour.  The  transfer-landing  had  to  be  constantly  changed, 
involving  such  expense  that  the  Chicago,  Burlingt<m  and  Quincy  Company  resolved 
to  build  a  landing  which  should  be  ])ermanent.  This  resolution  resulted  in  building- 
a  dike  8r>0  feet  long,  inclining  at  an  angle  of  about  45°  with  the  peri)endicular  to  the 
former  channel,  at  the  end  of  which,  in  low  water,  the  transfer-boats  have  their  land* 
ings. 

The  manner  of  constructing  this  dike  was  quite  novel.  Piles  in  two  rows  were 
driven  at  12-foot  distances,  and  spanned  successively  by  girders,  on  which  rails  were 
laid,  and  stone  and  brush  tlirown  from  cars  brought  on  them;  cleats  nailed  to  the 
piles  served  as  a  temimrary  rest  for  the  brush  foundation,  and  stone  was  thrown  on 
until  the  cleats  broke,  and  the  foundation,  guide<l  by  the  piles,  sank  to  place.  The 
dike  cost  about  ^28, (MX).  A  large  deposit  of  sand  took  i)lace  oelow  the  dike,  while 
al)Ove  it  the  former  channel  has  been  nearly,  if  not  quite,  closed. 

The  dike  has  very  materially  narrowed  the  water-way,  its  former  width  of  1,200  feet 
having  been  decreased  to  7(M)  fc<it,  and  in  high  stages  the  water,  of  course,  nins  over  it, 
but  it  has  withstood  successfully  two  break-ups  of  the  ice,  and,  with  the  careful  watch- 
ing and  repairs  it  received  firom  the  railroacl  company,  thei-e  is  no  reason  it  should  not 
last  indefinitely. 

On  the  Iowa  side  the  bank  immediately  on  the  river  is  on  a  higher  level  than  it  is 
in  the  interior,  and  is,  besides,  cut  up  by  sloughs.  In  times  of  floods  the  water  finds 
its  way  into  the  farming-lands  of  the  lK>ttom,  and  its  path  is  marked  by  a  denuding 
of  the  land  of  all  vegetation,  except  such  trees  as  can  withstand  the  force  of  'the 
current. 

It  is  apprehended  by  some  of  the  residents  that,  when  the  river  cuts  beyond  the 
limits  of  the  present  high  bank,  at  a  stage  a  good  deal  lower  than  when  it  occurs  now, 
the  river  will  overflow  the  interior  couutrj^.  A  small  community  of  farmers,  combin- 
ing together,  have  built  a  levee  some  three  miles  long,  shown  on  the  sketch,  for  their 
own  protection.  This  levee  has  done  good  service,  but  with  the  present  rate  of  cut- 
ting, a  few  years  will  carry  the  river  into  it. 

'rhe  neck  of  land  between  Pacific  and  Saint  Mary's  Bends  is  gradually  becoming 
narrower,  and  a  cut-off  is  imminent  if  the  cutting  continue,  as  there  is  no  doubt  it 
will. 

In  consequence  of  the  cut-off  at  Omaha,  which  occurred  in  July  last,  the  caving  of 
the  banks  will  be  more  rapid,  and  will  hasten  the  cut-off  at  Plattsmouth,  which,  if 
allow^ed  to  occur,  w^ould  be  disastrous  in  the  extreme  to  the  railroad  comi>anies  and 
farmers  below  its  location.  Should,  however,  the  cut-off  be  prevented  fix>m  taking 
place,  unless  the  upper  side  of  the  "point"  be  also  protected,  Plattsmouth  would  in 
time  lose  its  river-frontage  from  the  gradual  recession  of  the  bends  and  their  accom- 
panviug  bars  down  stream. 

Tlie  river  interests  of  Plattsmouth,  outside  of  the  railroad  transfer,  are  small  at 
present.  A  wagon-ferry,  as  shown  on  the  sketch,  is  maintained,  and  crosses  a  large 
emigration  to  the  Platte  Valley. 

In  the  absence  of  an  instrumental  siurvey,  it  is  difficult  to  say  what  should  be  done 
in  the  way  of  improvement,  and  it  is  recommended  that  such  a  survey  be  made.  The 
shortest  permissible  survey  would  be  about  25  miles  long,  and  should  cover  quite 
thoroughly  the  bottom-land  on  the  Iowa  side  of  the  river;  but  as  Plattsmouth  is  only 
about  2S  miles  below  Omaha,  and  as  the  river  between  these  points  has  a  very  im- 
portant bearing  on  any  work  of  improvement,  it  is  recommended  that  the  survey 
should  connect  with  the  one  recently  made  at  Omaha. 

The  linear  distance  of  the  required  survey  is  about  30  miles,  and  would  cost  $3, .500. 
Very  respectfully,  your  obedient  servant, 

A.  H.  Blaisdell, 


Maj.  Charles  R.  Si'ter, 

Corps  of  JUmjineerSj  U.  S»  A. 


Assistant  Engineer, 
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examination  of  missoubi  kiter  at  beownvix.le,  nebraska. 

United  States  Engineer  Office, 

Saint  Louis,  Mo.,  February  9, 1878. 
General  :  I  have  the  honor  to  transmit  herewith  a  report  of  an  ex- 
amination made  at  Brownville,  Nebr.,  by  Mr.  A.  H.  BlaisdeU,  assistant 
enfcineer.  From  this  report  it  will  be  seen  that  Brownville  is  situated 
at  the  foot  of  a  sharp  bend  of  the  Missouri  Eiver,  and  the  erosion  of  the 
shore  on  the  Missouri  side  is  causing  a  recession  of  the  bend  down 
stream,  thereby  threatening  the  filling  up  of  the  hai'bor.  At  the  same 
time  the  cutting  of  the  Nebraska  shore,  in  front  of  and  below  the  town, 
is  causing  the  destnietion  of  much  valuable  property.  It  is  probable 
that  the  only  way  to  check  these  changes  wiU  be  to  directly  protect  the 
caving  banks. 

The  actual  extent  of  such  work  needed  cannot  be  decided  until  a  reg- 
ular survey  is  made,  though  from  present  appearances  Mr.  Blaisdell  esti- 
mates the  cost  at  $50,000.  A  survey  to  determine  this  point  will  cost 
$1,600  as  a  minimum,  but  to  satisfactorily  study  the  problem  it  would 
be  advisable  to  extend  the  survey  so  as  join  the  one  already  made  at 
Nebraska  City.  The  distance  to  be  surveyed  in  this  case  would  be  23 
miles,  and  the  cost  would  be  $3,000,  which  it  is  recommended  should  be 
appropriated  for  the  purpose. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  B.  Suter, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EngineerSj  U.  S.  A, 


kkport  of  mr.  a.  h.  blaisdell,  assistant  engineer. 

United  States  Engineer  Office, 

Saint  Louis,  January  15,  1878. 

Major:  I  have  the  honor  to  present  herewith  a  report  of  my  recent  examination  of 
the  Missouri  River  in  the  vicinity  of  BrownviUe,  Nebr.,  with  an  accompanying  sketch 
un  a  scale  of  one  inch  to  the  mile. 

In  the  vicinity  of  Brownville,  Nebr.,  the  bluffs  of  the  Missouri  Valley  lie  about 
twelve  miles  apart.  In  Nebraska  they  are  washed  by  the  river  or  lie  within  short  dis- 
tance of  it,  and  in  Missouri  the  intervening  alluvial  bottom  supports  a  weUnsettled 
farming  community. 

The  soft  alluvium  of  the  Missouri  side  yields  readily  to  the  action  of  the  current, 
and  the  results  are  the  same  as  elsewhere  in  its  course,  frequent  shiftings  of  the  river- 
channel  and  a  gradual  movement  of  the  l)ends  down  stream. 

Brownville  is  one  of  the  oldest  towns  of  Nebraska,  and  has  tributary  to  it  an  unusu- 
ally well-developed  and  productive  country.  It  is  the  nominal  terminus  of  the  Ne- 
braska Railway,  better  known  under  its  former  name,  Midland  Pacific,  which  runs 
westward  from  Nebraska  City.  A  railroad  along  the  rivei^bank  connects  the  two 
cities. 

The  greatest  amount  of  caving  of  the  banks  has  occurred  within  the  past  three  years, 
diiring  which  time  about  300  feet  has  been  washed  away  at  the  foot  of  the  main  busi- 
ness street  of  Brownville.  The  railroad  company  has  been  compelled  to  move  its  depot- 
grounds,  buildings,  and  road-bed,  until  now  the  track  for  nearly  a  mile  northward  lies 
dose  against  the  high  bluffs,  and  the  protection  of  th^bank  has  become  a  necessity 
which  can  no  longer  be  delayed. 

A  portion  of  the  town  is  built  on  the  bottom  below  Main  street,  and  the  encroach- 
ment of  the  river  has  compelled  the  removal  of  a  number  of  the  residences,  but  there 
still  remain,  about  twenty -five  houses,  a  portion  of  which,  as  well  as  a  fertile  farming 
district  below,  is  in  danger,  if  the  banks  are  allowed  to  continue  cutting. 

The  greatcHt  amount  of  caving  occurs,  however,  on  the  Misscmri  side,  in  the  bend 
oj>po8ite  the  city,  and  the  "point  ^'  is  fast  moving  down  in  front  of  the  town.  When 
this  occurs  the  present  situation  at  Nebraska  City  will  be  duplicated,  the  river-frontage 
of  Brownville  being  entirely  occupied  by  sand-bars.    The  inhabitants  naturally  desire 
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to  protect  their  landing,  their  transfer  hoBiness  hein|^  large  and  increasing.  A  enr^'ey 
would,  in  all  probability,  develop  no  other  plan  of  improvement  than  a  revetment  of 
the  caving  bank,  and  it  is  very  important  if  any  such  improvement  is  to  be  made  that 
it  be  undertaken  at  once. 

It  is  therefore  recommended  that  a  sum  of  money  be  appropriated  which  would  allow 
works  of  protection  to  be  prosecuted  at  the  same  time  tnat  a  survey  would  be  in  pro- 
gress, and  to  leave  the  iinal  estimate  of  such  work  until  the  survey  determine*  it. 

At  the  very  least,  over  a  mile  of  bank  must  be  protected,  a  preUminary  estimate  of 
cost  of  which  is  placed  at  $50,000. 

The  shortest  pennissible  length  of  survey  required  is  16  miles,  between  Peru,  Nebr., 
and  Nemaha  City,  Nebr.,  which  would  cost  $1,600 ;  but  it  would  be  far  preferable  if  we 
could  connect  with  the  survey  already  made  at  Nebraska  City.  This  would  increase  the 
survey  distance  to  23  miles,  and  would  cost  |3,000. 
Very  respectfully,  your  obedient  servant, 

A.  H.   BLAI8DEIX, 

Assistant  Engineer. 
Uoj.  Chas.  R.  Suter, 

Corps  of  Engineers,  JJ.  S.  A. 


M    12. 

survey  of  missouri  river  at  sioux  city,  iowa. 

United  States  Engineer  Office, 

8aint  Louis^  Mo.^  May  23, 1878. 

General  :  I  have  the  honor  to  report  that  in  accordance  with  yoiu* 
instructions  of  April  24, 1878^  I  have  caused  an  examination  and  survey 
to  be  made  of  the  harbor  of  Sioux  City,  Iowa,  and  the  report  of  Mr.  Max 
Boehmer,  assistant  engineer,  together  with  a  map  of  the  locality,  is 
submitted  herewith.  The  exi)enses  of  this  examination  were  defrayed 
by  the  city  government.  Lack  of  time  and  funds  prevented  the  exten- 
sion of  the  survey  to  the  full  extent  deemed  desirable,  and  the  stage  of 
water  was  too  low  to  obtain  defldite  information  respecting  the  direction 
of  currents,  &c.  Still,  I  think  Mr.  Boehmer's  report  presents  the  case 
fairly.  He  states  that,  owing  to  several  cut-offs  which  have  occurred 
above  the  town,  the  regimen  of  the  river  has  been  very  much  disturbed, 
producing  an  excessive  slope  and  velocity,  besides  directing  the  current 
against  the  town  landing,  which  has  been  severely  abraded.  He  states 
that  changes  which  are  still  in  progress  render  it  probable  that  after  the 
next  high  water,  the  point  of  impact  of  the  current  will  be  transferred 
so  far  downstream  that  the  upper  portion  at  least  of  the  landing  will 
probably  be  safe.  To  protect  the  whole  front  will  require  a  revetment 
3,000  feet  long,  extending  from  Perry  Creek  to  Jennings  street.  Below 
that  point  the  value  of  property  would  not  justify  the  expense  of  works 
of  protection. 

With  these  conclusions  I  agree  substantially,  as  also  with  the  kind  of 
protection  recommended,  but  I  should  not  feel  justified  in  recommending 
as  extensive  a  revetment  as  mentioned  until  I  have  had  an  opportunity 
of  seeing  the  condition  of  affairs  at  high  water.  As  ttte  case  stands,  it 
seems  to  me  that  the  caving  of  the  point  of  the  Nebraska  shore  above 
Covington  threatens  to  fill  up  the  upper  portion  of  the  harbor  with  sand- 
bars, and  that  this  danger  is  more  inmiinent  and  more  to  be  deprecated 
than  the  caidng  in  of  the  opposite  shore.  The  preservation  of  the  har- 
bor will  probably  require,  therefore,  that  this  point  should  be  held,  and, 
therefore,  the  work  along  the  town  front  should,  for  the  present,  be 
limited  to  that  portion  which  would  need  protection  under  any  circum- 
stances. 
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For  the  present,  therefore,  I  should  recommend  that  only  1,500  feet  of 
revetment  be  built  from  Jennings  street  upstream,  which  would,  on  Mr. 
Boehmer's  estimate,  cost  $12,750,  to  which  should  be  added  $2,250  for 
further  surveys,  bringing  the  whole  amount  up  to  $15,000,  which  should 
be  made  available  at  once, 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  B.  Suter, 
Major  of  Engineers, 
Brig.  Gten.  A.  A.  Humphbeys, 

Chief  of  Engineers^  U.  8,  A, 


REPORT  OF  MR.  MAX  BOEHMBR,  ASSISTAlTr  ENGINEER. 

Saint  Louis,  Mo.,  May  20,  1878. 

Major:  I  have  the  honor  to  report  as  follows  on  the  sar^ey  of  the  Missouri  River  in 
the  vicinity  of  Sioux  City,  Iowa. 

The  field-work  was  done  during  the  first  week  of  this  month. 

The  survey  is  intended  to  determine  the  cheapest  and  most  feasible  plan  for  the  pro- 
tection against  the  encroachment  of  the  river  of  the  Iowa  bank  immediately  in  front 
of  the  town. 

The  accompanying  map  shows  that  the  river-frontage,  from  the  point  of  bluff  above 
Perry  Creek  to  the  Floya  River,  has^  since  1870,  receded  a  distance  of  from  100  feet  to 
a  maximum  of  300  feet.  The  heaviest  inroads  have  been  made  since  1876,  after  the 
Missouri  cut  its  way  into  the  bed  of  the  Big  Sioux  River,  at  a  point  2^  miles  above 
town. 

By  this  change  the  river  shortened  its  course  about  one  mile,  and  the  increased  speed 
of  the  current  as  well  as  the  new  direction  of  the  channel  caused  a  greater  rate  of 
abrasion  in  front  of  the  town.  The  stream  has  not  yet  recovered  its  normal  slope  at 
this  pointy  I  think,  Judging  from  the  great  velocity  of  the  current  at  different  places. 
But  this  IS  due,  probably,  less  to  the  Big  Sioux  cut-off,  but  is  caused  to  a  greater  ex- 
tent by  another  cut-off  wnich  occurred  but  a  year  ago,  and  which  shortened  the  river 
4  miles  at  a  point  about  12  miles  above  town. 

The  levels  show  a  mean  slope  of  0.923  foot  per  mile  for  a  distance  of  6  miles,  the 
extent  of  the  survey.  The  range  between  hign  and  low  water  at  Sioux  City  is  15.5 
feet,  according  to  records  in  the  city  engineer's  office.  The  stage  of  the  river  during 
the  survey  was  10.1  feet  below  an  approximate  high  water  mani  of  li£7,  the  highest 
water  known. 

The  river  above  town  has  no  well-determined  shape,  the  shores  are  irregular  and 
unstable  at  most  points,  and  changes  are  liable  to  occur  here,  which  would  greatlv 
affect  the  course  of  the  channel  along  the  town  front.  Revetment  of  the  Iowa  bant 
is  the  only  remedy,  but  till  the  action  of  the  next  high  water  has  been  observed,  it  is 
hardly  possible  to  form  a  conclusive  opinion  and  determine  the  length  of  revetment 
which  is  absolutely  necessary. 

The  shore  from  the  bluff  to  Perry  Creek  is  protected  from  serious  attack  by  the  bluff 
itself,  and  may  safely  be  left  without  revetment  under  all  circumstances.  From  Perry 
Creek  to  Nebraska  street  the  bank  will  probably  be  attacked  to  some  extent,  but  not 
seriously.  But  at  the  latter  street  the  channel  Strikes  the  shore,  and  from  here  to  the 
mouth  of  Floyd  River  heavy  caving  must  be  expected  for  this  season  and  probablv 
the  next.  By  that  time  it  is  reasonable  to  exx>ect  such  changes  in  the  river  as  will 
make  all  revetment  of  the  upper  portion  of  the  shore-line  unnecessary,  for  the  follow- 
ing reasons :  The  lower  part  of  the  northern  side  of  the  willow  island  and  also  the 
point  of  the  Nebraska  shore  at  Covington  are  attacked  by  the  full  force  of  the  chan- 
nel, and  both  are  caving  fast ;  from  nere  the  channel  crosses  to  the  Iowa  side.  The 
point  of  impact  on  the  Tatter  shore  will  move  downstream  as  fast  as  the  Nebraska 
shore  and  the  island  are  washed  away,  and  one  attack  of  high  water  may  have  suffi- 
cient force  to  carry  the  point  of  impact  below  the  river-firontage  of  the  city  proper. 
The  shore  below  Jennings  street  is  of  less  imnortance  and  not  worth  protecting. 

It  is  also  necessary  to  observe  the  effect  of  a  high  stage  of  water  in  the  old  bed  of 
the  river,  the  present  slough,  south  of  the  willow  island.  The  water  in  this  slough 
has  no  tangible  effect  on  the  main  channel  during  a  low  stage,  and,  at  the  time  of  tne 
survey,  its  sectional  area  showed  but  14.3  per  cent,  of  the  total  section  of  the  rivw; 
this  representing  about  10  per  cent,  of  the  total  discharge.  But  its  effect  during  a 
high  stage  is  prooably  greater  and  will  develop  a  tendency  to  drive  the  main  channel 
over  to  the  Iowa  side.    I  have  been  informed,  however,  that  every  year  this  old  chan- 
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nel  grows  more  shallow,  and  from  such  action  it  may  be  supposed  to  have  but  little 
eifect  even  during  a  high  stage. 

The  following  conclusions  may  consequently  be  drawn : 

1st.  There  is  no  imminent  danger  to  any  valuable  buildings  or  improvements  at  any 
point. 

2d.  The  cost  of  revetment  exceeds  the  amount  of  damikge  that  con  possibly  be  done 
to  real  estate  and  buildings. 

3d.  The  river-frontage  of  the  main  portion  of  the  town  may  be  expected  to  be  per- 
fectly safe  after  the  season  of  1879. 

4tn.  The  length  of  revetment  necessary  cannot  be  safely  determined  until  the  effect 
of  the  next  rise  has  been  observed. 

5th.  No  revetment  is  necessary  above  Perry  Creek. 

Should  it,  however,  be  deemed  desirable  to  preserve  the  river-f5rontage  in  its  present 
shape  at  all  hazards,  then  a  mattress  revetment,  3,000  feet  in  length  and  reaching  from 
Perry  Creek  to  Jennings  street,  is  to  be  recommended.  Stone  in  this  neighborhoml 
cannot  be  furnished  for  less  than  |3.25  per  cubic  yard,  but  even  at  that  price  it  is 
cheaper  and  more  safe  to  use  stone  than  to  adopt  a  system  of  piling,  or  any  other 
method  of  holding  the  mattresses  in  place. 

With  the  above  price  for  stone,  and  brush  at  f  1  per  cord,  the  cost  of  revetment  has 
been  estimated  at  |8.50  per  linear  foot,  making  a  total  cost  oi  3,000  feet  at  (8.50,  f^,500. 
Very  respectfully, 

Max  Boehhkr, 
Assistant  Engineer. 

Jiiy.  Charles  R.  Suter, 

Cotys  of  Engineers^  U.  8»  A, 
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AOTHJAL  REPORT  OF  COLONEL  J.  H.  SIMPSON,  CORPS  OP 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30- 

1878. 

United  States  Engineeb  Office, 

Saint  LauiSy  3Io,y  July  16, 1878. 

General  :  I  have  the  honor  to  submit  herewith  my  annual  rei)ort 
ui)on  the  river  and  harbor  improvements  under  my  charge,  for  the  fiscal 
year  ending  June  30, 1878. 

Additional  duties  have  been  performed  by  me  during  the  year  aB  fol- 
lows : 

President  of  Board  of  Engineers  constituted  by  Special  Orders  No. 
141,  Headquarters  of  the  Army,  Adjutant-General's  Office,  dated  June 
28, 1877,  to  examine  and  report  upon  the  most  advisable  means  of  pre- 
serving the  water-firont  of  Vicksburg,  and  of  an'esting  the  danger  which 
appears  to  be  apprehended  from  the  cut-off  opposite  that  city.  Report 
of  Board  submitted  under  date  of  January  22, 1878. 

President  of  Board  of  Engineers  constituted  by  Special  Orders  No. 
88,  Headquarters  Corps  of  Engineers,  dated  August  1,  1877,  to  consider 
and  report  vqnm  the  project  for  a  bridge  across  the  Ohio  River  at  Beaver, 
Pa.    lie^wrt  submitted  August  15, 1877. 

President  of  Board  of  Survey  constituted  by  Special  Orders  No.  41, 
Headquarters  of  the  Army,  Ad  jutant-GeneraPs  Office,  dated  February  26, 
1878,  to  examine  and  report  fuUy  upon  the  fact«  connected  with  the' loss 
of  the  dredge-boat  McAlester.  Report  submitted  from  New  Orleans, 
March  23, 1878. 

President  of  Board  of  Engineers  constituted  by  Special  Orders  No.  40, 
Headquarters  Corps  of  Engineers,  dated  April  9,  1878,  to  consider  anil 
report  upon  the  i)lan  and  location  of  the  bridge  proposed  to  be  erected 
over  the  Missouri  River  at  or  near  Glasgow,  under  an  act  of  Congress 
approved  March  13,  1878.  Report  submitted  April  20, 1878, 
Very  respectfully,  your  obedient  servant, 

J.  H.  Sevipson, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A, 


Calami  of  Engineers. 


N  I. 

IMPROVEMENT  OF  THE  MISSISSIPPI   RIVER  BETWEEN  THE   MOUTHS  OF 
THE  ILLINOIS  AND  OHIO  RIVERS. 

BETWEEN  THE  ILLINOIS  AND   MISSOURI  RIVERS. 

The  balance  of  appropriation  applicable  to  work  within  these  limits 
July  1, 1877,  was  $10,561.72,  with  which  it  was  proposed  to  continue  the 


Digitized  by  VjOOQIC 


678         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

construction  of  the  dam  at  Piasa  Island,  and  to  make  such  repairs  and 
extension  of  the  shore  connections  of  Alton  Dam  as  were  needed. 

DAM  AT  PIASA  ISLAND. 

By  the  operations  of  the  year  the  prism  of  the  dam  has  been  fiUed  to 
a  height  of  6  feet  above  low  water,  except  for  a  distance  of  400  feet  near 
its  eastern  end,  which  remains  incomplete.  The  head  of  the  island  has 
also  been  revetted  to  prevent  its  further  erosion.  Both  dam  and  revet- 
ment are  now  practically  complete,  at  a  cost  of  $32,333.30,  against  an 
estimated  cost  of  $41,210.73 ;  the  saving  arising  fix)m  the  unexi)ected 
stability  of  a  sand-bar,  which  is  crossed  by  the  dam  and  which  has  not 
washed  away  as  anticipated. 

The  expenditures  were — 

22  piles 166  00 

5,857.03  cubic  yards  riprap 7,  463  45 

Grading 168  49 

Engineering  and  contingencies 698  99 

8,596  93 
ALTON  DAM. 

The  revetments  have  been  repaired  and  extended  to  an  extent  deemed 
sufficient  to  secure  the  work. 
The  expenditures  were — 

998.37  cubic  yards  riprap $1, 185  60 

Grading 27  07 

Engineering  and  contingencies • 346  40 

1,559  07 

The  completion  of  these  dams  renders  it  proper  to  commence  a  new 
work  under  the  recent  appropriation  of  $20,000,  the  location  of  which 
will  be  made  when  the  stage  of  water  permits. 

SAVTTEB  BEND. 

The  work  at  this  locality  having  been  suspended  since  1875  for  want 
of  ftinds,  the  upper  end  of  the  protection  was  in  danger  of  being  de- 
tached from  the  shore,  rendering  it  necessary  to  revet  in  part  the  space 
between  the  two  npper  spur-dikes,  and  also  to  repair  a  number  of  the 
spurs. 

The  expenditures  were — 

1.192.62  cubic  yards  riprap $1,514  80 

Engineering  and  contingencies 360  10 

1.874  90 

Further  repairs  will  be  necessary  during  the  coming  season,  and  it  is 
proposed  also  to  devote  a  part  of  the  appropriation  of  June  18, 1878,  to 
the  prolongation  of  the  protection. 

VENICE. 

IS'o  work  was  done  at  this  locality  except  a  survey  to  ascertain  the 
damages,  if  any,  resulting  to  riparian  owners  from  the  government  work 
actual  and  proposed.  The  report  of  this  survey  was  made  April  10, 
1878. 

No  work  is  proposed  the  coming  season. 
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OAHOKIA  CHUTE. 

The  balance  available  was  not  sufficient  to  warrant  any  attempt  at 
the  constraction  of  the  dam.  The  revetments  at  the  site  of  the  proposed 
dam  were  strengthened  and  the  revetment  of  the  west  side  of  the  island 
completed  for  a  length  of  685  feet. 

The  expenditures  were — 

4,093.47  cubic  yards  riprap |4,  574  75 

Grading 332  05 

Engineering  and  contingencies 537  85 

5,444  65 

In  consequence  probably  of  the  suggestion  made  in  my  last  annual 
report  that  this  chute  would  afford  a  favorable  opportunity  for  the  con- 
struction of  an  ice-harbor,  a  special  report  and  estimate  was  called  for, 
which  was  made  in  my  absence  by  Capt.  Charles  J.  Allen,  Corps  of  En- 
gineers. The  plan  proposed  I  deem  practicable,  and  the  object  is  cer- 
tainly an  important  one.  I  therefore  recommend  the  matter  to  the  con- 
sideration of  Congress. 

In  the  ai)propriation  aet  approved  June  18.  1878,  provision  was  made 
for  the  construction  of  the  dam  across  the  cnute  to  the  full  amount  of 
the  estimate.  It  is  hoped  this  will  suffice  to  complete  the  low  dam,  and 
any  further  estimate  or  appropriation  would  be  applicable  to  the  con- 
struction of  the  ice-harbor.  The  two  channels  at  Arsenal  Island  have 
continued  to  divide  the  water,  either  being  navigable,  but  the  larger 
and  deeper  boats  have  mostly  used  the  Cahokia  Chute. 

A  recent  examination  of  the  site  of  the  dam  develops  a  regular  bottom 
Avith  comparatively  slight  variations  of  depth,  except  along  the  Illinois 
shore,  where  the  depth  at  a  22-foot  stage  was  37  feet.  This,  however,  is 
in  a  blind  pocket  behind  a  sand-bar,  the  greatest  depth  in  the  true 
(channel  being  24.8  feet.  The  conditions  are  favorable  to  the  construc- 
tion of  the  dam  if  no  serious  change  takes  place  when  the  river  falls. 

As  an  illustration  of  the  influence  the  change  of  the  bottom  has  upon 
the  navigation  of  the  Mississippi  and  all  questions  of  its  improvement, 
the  following  comparison  of  cross-sections  is  made : 

First  section  made  December,  1874. 

Area  of  Cahokia  Chute  sounded  at  6-foot  stage : 

Reduced  to  8-foot  stage =12,411    and  to  0  stage    =6,526 

Area  of  Arsenal  Chute  sounded  at  6-foot  stage : 

Reduced  to  8-foot  stage =19,775    and  to  0  stage    =8,023 

Total  area,  square  feet 32, 186  14,  549 

Second  section  made  Xovemher  25,  1876. 

Area  of  Cahokia  Chute  sounded  at  lO^foot  stage : 

Reduced  to  8-foot  stage =20,700    andtoOstage    =11,332 

Area  of  Arsenal  Chute  sounded  at  lO^-foot  stage : 

Reduced  to  8-foot  stage =16,  800    and  to  0  stage    =  4,  078 

Total  area,  square  feet 37,500  15,410 

Third  section  made  July,  1878. 

Area  of  Cahokia  Chute  sounded  at  22-foot  stage : 

Reduced  to  8-foot  stage =16,  036    and  to  0  stage      =4,  598 

Area  of  Arsenal  Chute  sounded  at  22  foot  stage : 

Reduced  to  S-footstage =12,  300    and  to  0  stage      =3,  875 

Total  area,  square  feet 28,  336  8,  473 
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Of  the  4,598  square  feet  found  at  Cahokia  Chute  after  reducing  to  0 
stage,  3,112  square  feet  are  cut  off  fi'oni  the  main  river,  leaving  1,47(5 
square  feet  to  be  added  to  3,875  to  give  the  low- water  area  of  5,351 
square  feet  obtained  by  reducing  the  soundings  taken  at  22-foot  stage. 
Comparing  this  \^dth  areas  obtained  by  reduction  from  soundings  at 
lower  stages,  the  fact  of  enlargement  of  section  attending  fall  of  smface 
is  evident,  and  affords  another  link  in  the  chain  of  evidence  that  the 
channel-filling  at  high  water  is  general  and  not  limited  to  bars  or  shoals, 

HORSETAIL  BAR. 

The  difficulties  encountered  at  this  locality  in  previous  years  were  not 
repeated  the  past  season.  For  a  time  the  depth  in  the  chaimel  wa*s 
reduced  to  4J  feet,  and  much  apprehension  was  felt  on  the  ])art  of 
river-men  that  the  previous  experience  would  be  repeated.  As  there 
was  a  disturbing  cause  at  work  producing  a  local  movement  of  sand,  the 
hope  was  indulged  that  the  obstruction  would  be  but  temporary.  Tliis 
hope  was  realized  in  a  few  days,  a  continual  decline  of  stage  brouglit  tlie 
scattered  waters  together,  and  a  fair  channel  was  maintained  for  the 
balance  of  the  season,  at  no  time  affording  less  water  than  existed  else- 
where in  the  river,  and  gradually  deepening  to  8J  and  9  feet,  at  which 
depth  the  channel  maintained  itself  during  the  winter,  by  which  I  mean 
that  during  the  minor  rises  and  falls  of  the  late  fall  and  winter  the  chan- 
nel maintained  a  nearly  constant  depth. 

It  has  been  repeatedly  said  in  the  reports  upon  these  works  that  the 
improvement  of  the  low-water  river  would  not  secure  a  good  channel  at 
all  stages.  It  is  still  necessary  to  repeat  the  statement,  for  it  is  a  funda- 
mental proposition  consequent  upon  the  fact  tliat  the  bed  of  the  river 
fills  at  flood  and  clears  itself  at  low  stages.  Failure  to  recognize  this 
fact  with  its  logical  consequences  must  always  lead  to  failiu-e  and  disiip- 
pointment  in  practical  works,  and  ^itiate  all  theoretic  reasoning  about 
tlie  river.  The  period  of  worst  navigation  last  year  was  during  the  time 
of  decline  from  a  stage  of  10  to  7  feet :  i)revious  years  it  was  at  a  higher 
stage.  The  cause  of  last  year's  trouble  arose  from  the  peculiar  eoiu'se 
of  the  channel  around  the  head  of  one  of  the  dikes,  the  outer  end  of  which 
had  settled  during  tlie  summer  rise.  A  sand-bar  was  deposited  in  mid- 
river  above  and  quite  near  the  dike.  Wlien  the  water  fell  the  channel 
lay  between  the  end  of  the  dike  and  this  bar.  Under  these  conditions, 
when  the  dike  was  restored,  the  end  having  settled  some  28  feet,  the 
channel  was  crowded  against  the  bar,  which  yielded  (but  only  after  the 
depth  of  water  became  over  70  feet).  This  scouring  of  the  bed  an<l 
erosion  of  the  bar  set  in  motion  a  volimie  of  sand  which  exceeded  the 
ability  of  the  current  in  the  section  of  river  below  to  dispose  of,  and,  of 
consequence,  a  reef  was  developed.  The  spill- way  over  this  reef  being 
three-fourths  of  a  mile  .or  more  in  length,  allowed  the  water  to  pass  in  a 
thin  sheet  without  any  defined  channel.  Earlj^  in  October  the  dike  was 
restored  to  its  fiill  length,  and  so  soon  as  its  reconstniction  ceased  the 
cutting  at  the  dike  stopped,  the  reef  was  cut  through,  and  a  defined 
channel,  permanent  for  the  season,  was  develoi)ed. 

The  training-wall  mentioned  in  my  last  annual  report  as  necessary  to 
complete  the  improvement  was  commenced  last  season,  and  2,550  feet  of 
it  built  to  a  height  of  12  feet  above  low  water,  at  a  cost  of  $8  per  linear 
foot. 

The  only  work  on  the  perpendicular  dikes  during  the  year  was  the 
restoration  of  the  outer  end  of  dike  Ko.  3,  and  the  closure  of  one  of  the 
breaches  in  dike  Xo.  5. 
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The  expenditures  were — 


Dike  No.  3: 

10,256.20  cubic  yards  riprap $10,842  49 

Eugiueeriug aud coutingenoieci 784  43 

11,626  92 

Dike  No.  5: 

4,290.57  cubic  yards  riprap u..... |4;415  82 

Eugineering  and  contingencies 258  30 

4,674  12 

Training-wall: 

357  piles Jl,  129  69 

976.34  cords  brush 1,086  36 

Old  barge-hull 350  00 

15,346.09  cubic  yards  riprap 16,246  72 

Engineering  and  contingencies 985  39 

20, 398  16 

During  the  coming  season  it  is  proposed  to  close  the  remaining  breach 
in  dike  No.  5 ;  to  repair  dike  Ko.  3,  and  to  continue  the  construction  of  the 
ti*aining-wall. 

,POBT  CHASTBES  BAM. 

No  work  was  done  at  this  dam  during  the  year,  and  none  is  contem- 
plated during  the  coming  season.  Contmued  changes  in  the  bend  above 
may  eventually  bring  al^ut  the  necessity  of  allowing  the  channel  to  go 
through  the  dam,  but  it  is  hoped  that  an  appropriation  may  be  made 
applicable  to  the  protection  of  Fish  Bend  in  time  to  prevent  this  change. 
This  bend  is  caving  rapidly  and  needs  prote(;tion.  The  length  is  very 
considerable — ^20,000  feet — and  its  protection  will  cost  about  $10  i)erfoot. 

TUBKEY  ISLAND  DAH« 

Kemains  as  last  reported;  no  work  done  or  contemplated. 

PBOTECTION  OP  BJlSK  NEAB  KAHKAkSKTA. 

After  long  hesitation  the  attempt  was  made  to  check  the  caving  of 
this  bend.  Brush  and  stone  footing  was  placed  along  1,100  feet  of  the 
bank  near  the  head  of  the  active  caving,  and  with  a  view  to  guaixl  against 
a  possible  cutting  of  the  Mississippi  through  into  the  Ka^kaskia  imme- 
<liately  above  the  point  of  nearest  approach  of  the  two  rivers.  The 
severe  weather  of  the  latter  part  of  November  rendered  it  necessary  to 
close  operations  when  the  height  of  the  protection  was  13  feet  above  low 
water.  The  smaU  balance  available  did  not  warrant  resumption  of 
>vork. 

The  spring  rise  of  the  river  commenced  an  active  erosion  about  one- 
half  mile  above  the  reyetment,  which  in  a  short  time  worked  down  to  it 
and  to  some  unknown  extent  behind  it.  The  high  stage  of  water  when 
the  locality  was  last  visited  was  unfavorable  to  an  accurate  determina- 
tion of  the  condition  of  the  work  placed  last  fall ;  but  there  are  serious 
prrounds  to  apprehend  that  it  is  nearly  if  not  wholly  lost.  Had  the 
amoimt  available  been  greater  so  that  the  work  could  have  been  resumed 
early  this  spring,  the  loss  would  not  have  occurred. 

The  changes  at  this  locaUty  during  the  winter  and  spring  have  been 
^-erj'  great,  the  ca>'ing  progi-essing  more  rapidly  than  ever  before,  ren- 
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dering  it  probable  that  the  portion  of  river  between  Kaskaakia  and  Saint 
Mary's  will  be  very  troublesome  to  navigation  the  coming  fall  fi-om  the 
vast  quantities  of  sand  which  have  been  moved  out  of  Kaakaskia  Bend. 

The  act  of  June  18, 1878,  set  apart  $10,000  for  the  improvement  ot 
this  bend,  but  the  condition  is  such  that,  in  the  light  of  last  year's  expe- 
rience, it  has  been  deemed  advisable  to  allot  $10,000  additional  from  the 
part  of  the  general  appropriation  not  allottcMi  by  Congress. 

The  expenditures  during  the  year  were — 

28  piles $56  00 

189.53  cords  brush 391  12 

2,267.39  cubic  yanls  riprap 3, 174  35 

Oracling 66  40 

Eugineeriug  and  contingencies 826  44 

4,514  31 
LIBERTY   ISLAIO). 

No  work  was  done  in  this  vicinity  last  year  owing  to  lack  of  means. 
The  incomplete  revetments  have,  in  consequence,  suffered  material  in- 
jury. The  bank  for  nearly  a  mile  above  the  revetment  is  now  caving, 
and  at  the  upper  end  of  the  revetment  the  bank  has  retreated  from  20  to 
50  feet  from  the  position  it  had  a  year  ago.  So  far  as  can  be  determined 
at  the  present  stage,  it  is  probable  that  a  flat  bench  extends  from  the 
top  of  the  revetment  in  to  the  foot  of  the  new  bank.  If  neglected,  this 
bench  will  be  washed  out  and  a  destructive  current  run  inside  of  the 
revetment.  It  is  therefore  designed  to  apply  $20,000  of  the  recent  aj)- 
propriation  to  the  strengthening  and  extending  of  the  revetment. 

Interruptions  of  work  for  want  of  fimds  are  costly.  A  year  ago  the 
bank  was  in  excellent  shax)e  for  raising  the  revetment;  now,  some  2,000 
feet  of  the  upper  end  will  require  much  additional  work  to  restore  it  to 
the  condition  attained  a  year  ago. 

To  illustrate  the  value  of  the  protection  of  caving  bends  as  an  improve- 
ment of  the  navigation,  I  insert  fix)m  the  files  of  my  oflBce  copies  of  let- 
ters received  fix)m  J.  P.  Reiser,  superintendent  of  Memphis  and  Saint 
Louis  Packet  Company,  premising  that  at  the  time  these  letters  were 
written  it  was  considered  a  hopeless  task  to  clear  the  Missouri  Chute  of 
snags.  Since  the  revetment  of  the  bank  no  very  great  amount  of  work 
has  been  done  by  snag-boats,  and  no  boat  has  received  injury  at  the  lo- 
cality.   What  the  condition  was  may  be  learned  from  the  following : 

letter  from  capt.   johx  p.  kriser,   superintendent  of  memphis  and    saint 

louis  packet  company. 

Office  of  Memphis  and  Saint  Louis  Packet  Company, 

Saint  Louufy  December  30,  1874. 

Bear  Sir  :  The  inclosed  letter  shows  the  condition  of  the  river  at  Liberty  Island. 
You  will  excuse  the  liberty  I  take  in  sending  it  to  you,  when  you  know  the  importance 
it  is  to  us  as  a  packet  company,  and  knowing  also  that  you  would,  in  your  official  ca- 
pacity, like  to  know  of  the  important  places  to  operate  when  the  season  comes  to  oper- 
ate your  work.  I  have  telegraphed  to  the  captain  of  the  De  Russy  of  the  importance 
of  her  coming  there,  and  this  morning  received  a  telegram  that  he  would  start  up 
to-day,  but  am  afraia  the  cold  weather  will  prevent  her  doing  any  good. 

We  have  ordered  our  boats  to  double-trip  their  freight  over  the  bar  on  the  Illinois 
side  in  preference  to  going  down  the  Missouri  side.  Five  years  ago  the  channel  was 
down  the  Missouri  side,  and  it  cost  this  company  between  |60,000  and  170,000  repaire 
to  Marble  Cityy  Belle  Saint  Louis,  and  Adam  JaoobSy  and  the  Olire  Branch  and  W.  J.  tetcU 
both  sunk  on  that  side ;  the  last  two  did  not  belong  to  us.  Our  pilots  report  that  it 
is  impossible  for  a  boat  to  go  through  that  side  without  striking. 

When  the  water  get*  very  low  the  channel  goes  down  on  that  side  in  consequence 
of  the  gravel  on  head  of  Liberty  Island.    I  beUeve  that  the  boatmen  all,  without  an 
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exception,  agree  with  me  that  it  is  more  important  now  to  close  up  the  Missonri  side 
of  Liberty  Island  with  a  dike  than  any  other  point  on  the  river. 
Hoping  you  will  give  the  matter  due  consideration, 
I  am,  yours  respectfuUy, 

Jno.  p.  Keiser, 

Superinteiidmt. 
J.  H.  Simpson, 

Colonel  of  Engineen,  U.  S.  A. 


letter  of  a.  s.  uohtner,  steamer  b.  c.  elliott,  to  superintendent  of  mem- 
phis and  saint  louis  packet  company. 

Grand  Tower,  III., 

December  27,  1874. 
Dear  8ir  :  On  our  down  trip  I  only  find  4  feet  of  water  at  Sheep  Island,  on  Illinois 
side  of  Liberty  Island,  the  wav  we  have  been  running.  The  iron  steamer  tow-boat, 
Alex.  Swift,  has  Just  sounded  the  Missouri  side  of  Liberty  Island  and  reports  6  feet  of 
water,  but  impossible  for  any  boat  to  run  on  account  of  the  logs,  as  it  is  a  perfect 
mass  of  logs  from  the  head  to  the  foot  of  the  island.  The  water  is  drawing  otF  very 
fast  down  the  Missouri  side  of  the  island,  and  I  do  not  think  there  will  be  over  3  feet 
water  down  the  Illinois  side  of  Liberty  Island  in  three  days  from  this  time  if  there  is 
not  something  done  with  the  Missouri  side.  Either  the  logs  removed  or  a  dike  built 
across  the  Missouri  side  to  throw  the  water  back  to  the  Illinois  side  would  be  the 
most  advisable  plan  if  it  could  be  done  at  once.  There  is  one  thing  certain,  if  there 
is  not  something  done  you  can  consider  Liberty  Island  about  the  foot  of  navigation 
for  the  present. 

Yours,  respectfully, 

A.   S.  LiGHTNER, 

Steamer  E,  C.  Elliott 
Capt.  J.  P.  Keiser, 

Superintendent  Mempkia  Packet  Company, 


letter    from    capt.    JOHN    P.    KEISER,    SUPERINTENDENT    OF    MEMPHIS    AND    SAINT 

louis  packet  company. 

Office  of  Memphis  and  Saint  Louis  Packet  Compant, 

Saint  Louis,  June  17,  1875. 
Dear  Sir  :  My  attention  has  been  called  to  the  fact  that  the  channel  at  the  head 
of  Liberty  Island  is  now  very  close  on  to  the  head  of  the  island,  and  the  probability  is 
that  the  channel  will  go  down  the  Missouri  side  if  the  water  should  fall  much  more. 
This  is  the  bad  place  f  wrote  you  about  last  fall,  when  we  had  concladed  to  lay  our 
boats  up  rather  tnan  run  down  that  side  until  something  was  done  with  it.  I  got  Mi^or 
Suter  to  send  a  snag-boat  up  to  try  to  take  the  logs  out,  but  the  weather  turned  so 
cold  that  the  snag-boat  had  to  turn  back  on  account  of  the  ice,  and  the  river  closed,  so 
we  have  not  had  to  run  it  yet.  The  only  boat  that  tried  to  run  it  last  fall  was  lost, 
the  tow-boat  Babbage ;  the  Lewie  sunk  there  the  fall  before.  We  have  never  had  one 
of  our  own  boats  to  go  through  there  in  low-water  without  striking  a  break. 

We  consider  the  closing  of  this  channel  more  important  than  others  between  this 
and  Cairo. 

Very  respectfully,  your  obedient  servant, 

John  P.  Keiser, 

Superintendent 
General  Simpson, 

Colonel  Engineer  CorpSy  U,  8.  A, 

A  revetment  of  the  Missouri  shore  was  substituted  for  the  proposed 
closing  of  the  Missouri  chute,  and  no  complaint  of  difficulty  or  loss  has 
been  made  for  two  seasons. 

devil's  island. 

At  the  date  of  the  last  annual  report  work  was  in  progress  on  dams 
I^os.  1  and  2.  The  gap  then  mentioned  as  existing  near  the  east  end  of 
dam  ISo.  1  was  filled  and  dam  ISo.  2  raised  to  a  height  of  14  feet  above 
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low-water.  Both  dams  are  completed  except  a  gap  near  the  west  end  of 
No.  1,  which  has  been  buried  in  sand  for  the  paS  two  years,  and  is  liable 
to  be  w^ashed  away  at  any  time. 

Dike  No.  1  in  the  main  or  Missouri  Channel  was  repaired,  and  the 
revetments  strengthened. 

The  expenditures  were — 

Bam  No.  1 : 

2,026.68  cubic  yards  riprap ^ $3,040  02 

Engmeering  and  contingencies.... 539  60 

3,579  62 

Dam  No.  2: 

817.36  cubic  yards  riprap |1, 226  04 

Engineering  and  contingencies 206  24 

1,432  28 

Dike  No.  1: 

4,153.98  cubic  yards  riprap $6, 230  97 

Grading 6:5  91 

Engineering  and  contingencies 1,107  91 

7,402  79 

As  the  works  are  apparently  in  good  condition,  it  is  not  intended  to 
expend  any  part  of  the  appropriation  recently  made,  at  this  locality. 

DICKEY  ISLAND  TO  MOUTH  OF  THE  OHIO. 

The  work  done  in  the  fall  season  of  1876  not  only  passed  through  the 
winter  and  spring  without  injury,  but  also  proved  effectual  to  stop  tbe 
cutting  away  of  tlie  bank.  The  upper  500  feet  which  was  above  the  old 
spur-dikes  assumed  a  moderate  slope  as  ha<l  been  anticipated,  which 
sloi>e  was  revetted  during  the  Ml  of  1877  to  a  height  of  25  and  30  feet 
above  low-water.  The  footing  was  also  extended  1,000  feet  upstream, 
and  the  bank  revetted  to  the  top  of  the  defined  slope,  or  about  13  feet 
above  low-w^ater. 

A  recent  inspection  showed  that  no  caving  had  occurred  along  the 
protected  front,  and  that  the  bank  whose  foot  was  revetted  last  fall  had 
assumed  a  slope  ready  to  receive  revetment  to  a  height  of  25  feet  or 
thereabouts. 

It  is  proposed  to  apply  the  $40,000  recently  provided  in  perfecting  the 
protection  between  the  old  spur-dikes,  and  in  extending  the  regular 
revetment  as  far  as  the  means  will  allow.  It  will  be  possible  to  prepare 
a  considerable  extent  of  foundation,  and  it  is  hoped  that  the  means  will 
be  provided  to  complete  the  revetment  to  the  full  extent  of  the  founda- 
tion next  season. 

The  expenditures  during  the  year  were — 

21  piles $106  96 

Grading - - * *  255  07 

421.6:Uords  brush 819  OS 

4,973.49  cubic  yardB  riprap 8,703  61 

Engineering  and  contingencies • 1,(388  75 

11,413  57 

Recurring  to  the  suggestions  made  last  year  that  no  new  works  be 
undeitaken  upon  this  section  of  river  until  those  now  in  hand  ajne  com- 
l>leted,  according  to  the  estimate  then  submitted  of  the  cost  of  complet- 
i  ng  works  then  commenced,  there  remains  8315,425,49  to  be  appropriated 
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before  it  would  be  wise  to  commence  works  at  any  new  localities.  As 
said  last  year,  it  is  not  to  be  disputed  that  there  are  many  points  where 
works  are  as  urgently  needed  as  at  those  where  they  have  been  com- 
menced; but  it  is  not  good  policy  to  attempt  more  than  there  is  reason- 
able prospect  of  being  able  to  complete.  To  carry  on  the  work  on  a 
scale  commensurate  with  its  importance,  and  in  the  interests  of  a  wise 
economy  would  require  an  annual  appropriation  of  not  less  than  $500,000. 
With  this  amount  the  coming  year  it  would  be  possible  to  complete  the 
list  of  unfinished  work  given  above,  and  to  commence  new  work  at  some 
one  or  two  new  points. 

SXJBYEYS. 

The  only  survey  was  that  made  to  ascertain  the  damage,  if  any,  done 
or  to  be  done  to  riparian  owners,  at  and  near  Venice,  lU.,  by  reason 
of  works  done  or  to  be  done  by  the  United  States  for  the  improvement 
of  the  Mississippi  Eiver,  the  map  and  report  of  which  were  transmitted 
to  the  Chief  of  Engineers  under  date  of  April  10, 1878. 

EQUIPMENT. 

No  additions  were  made  during  the  year.  One  hull  of  quarter-boat, 
being  too  rotten  for  further  use,  was  sunk  in  the  foundation  of  the  training- 
wall  at  Horsetail  Bar,  and  the  quarters  were  transferred  to  another  barge 
which  had  become  too  weak  to  carry  stone.  One  good  barge  was  totally 
wrecked  in  a  storm  last  fall,  being  carried  by  the  wind  and  waves  upon 
the  dike  at  which  it  was  about  to  be  unloaded.  This  loss  and  the  natu- 
ral deterioration  of  the  earlier  purchases  rendered  it  necessary  to  make 
provision  for  building  four  new  barges,  as  recommen&ed  in  the  report  of 
last  year.  Proposals  have  been  advertised  for,  and  will  be  opened 
July  20. 

All  work  during  the  year  has  been  done  by  hired  labor  and  the  pur- 
chase of  material  in  open  market  with  highlv  satisfietctory  results.  Ma- 
terial has  been  procured  in  quantities  neeaed  at  very  moderate  rates. 
One  chief  article  of  use  being  riprap  stone,  the  system  of  purchase  in  open 
market  enables  all  quarries  located  along  the  river  to  compete,  and 
affords  opportunity  for  most  of  them  to  dispose  of  rough  stone,  which, 
except  for  riprap,  would  be  of  little  value.  It  is  intended  to  continue 
the  system  the  present  year. 

The  work  is  located  in  the  coUectioii-dislarict  of  New  Orleans. 
Amonnt  of  revenue  coUected  at  the  port  of  Saint  Louis  for  the  fiscal  year  ending 
June  30,  1878,  was  $1,552,723.93. 
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I 
Construction  account 


"Ssaae  of  worki 


Piaaa  Island  Dam 

Alton  Dam 

Sawyer  Bend  protection 

Venice  Dikes 

Clo0inf(  Cahokia  Chute 

Horsetail  Bar,  dike  1 

Horsetail  Bar,  dike  2 

HorsetaU  Bar,  dike  8 

Horsetail  Bar,  dike  4 

Horsetail  Bar,  dike  5 

Horsetail  Bar,  training- wall . 

Fort  Chartres  Dam 

Turkey  Isluid 

Kaskaskia  protection 

Liberty  Island  Dam 

Liberty  Island  protection . . . 

Devil's  Island,  dike  1 

Devil's  Island,  dam  1 

Devil's  Island,  dam  2 

Cairo  protection 


Totals. 


It 
0 

gig 


$23,736 
32,064 
91,940 
36,^1 
20,958 
40,549 
21,911 
71,065 
41,290 
27,079 


36,812 
24,468 


86 


5,053 
85,116 
58,468 
46,268 
15, 246 
18,679 


96 


647, 049  13 


lis 

is" 
ill 


$8,596  93 
1,559  07 
1,874  90 


5,444  65 


11,626  92 


4, 674  12 
20,398  16 


4, 514  31 


7,402  79 

3, 579  62 

1,432  28 

11.413  67 


82, 517  32 


i- 
1 


$32,333  30 
33,623  92 
93, 815  57 
36,34185 
26,403  26 
40,549  53 
21, 911  58 
82,692  54 
41,290  11 
31, 763  73 
20, 308  16 
86, 812  86 
24.463  85 
4, 514  31 
5,053  91 
35, 116  97 
65,871  17 
49,848  58 
16, 678  30 
30,092  95 


729,566  45 


I, 

li 


$8,877  43 
6,376  08 

48,396  05 
3,668  15 

78. 196  74 


3,305  87 


106, 601  84 

9,750  00 

8, 101  61 

37,485  69 


8, 140  71 
S 17, 601  96 
142,407  05 


$41, 210  73 
40,000  00 

142, 211  62 
40,000  00 

104,600  00 


221,502  86 


126,000  00 
46,562  86 
32,565  46 
42,000  00 
5,063  91 
43,257  68 

150,000  00 

172,500  00 


477,898  67  1,207,465  12 


Property  and  materidt  account. 


Claas  of  property. 


Balance  July 
1,1877. 


Dr. 


Cr. 


Balance  July 
1,1878. 


Office  furniture , 

Instruments  and  survey  material 

Five  pile-drivers 

Barges  and  q  uarter-boat 

Two  tow-boats,  one  small  tug,  and  expenses 

Small-boats 

General  expenses  of  property , 

Material  and  quarry  privileges 

Tools , 

Quarters  for  workmen,  shops,  &c 

Totals 


$380  55 

850  00 

10, 210  51 

29,969  60 

47,262  37 

95  99 

18. 051  08 

2,807  98 

993  82 

8, 580  70 


$3  50 


$120  00 


132  46 

2, 108  14 

18, 761  66 

87  20 

1.609  86 

58,660  88 

463  90 

1,229  97 


428  00 

7, 714  14 

24,254  87 

125  00 


50,389  53 

1, 199  11 

675  00 


114,202  60 


83, 052  57 


98,906  65 


$284  OS 

850  00 

9,914  97 

24,358  60 

41,  769  16 

58  19 

19.060  94 

2,079  33 

258  61 

4.135  67 


103, 349  53 


Dh. 


Engineer  Qffloe,  United  States  Army,  in  account  with  United  States, 


Cb. 


To  allotments  for  surveys  and  exam- 
inations at  various  dates  prior  to 
July  1,1877 

To  appropriations  for  Improvement 
of  Mississippi  River,  between  the 
Illinois  ana  Ohio  rivers,  prior  to 
Julyl,  1877 

To  appropriation  for  improvement 
of  Mississippi  River,  between  the 
Hlinois  ana  Ohio  rivers,  approved 
June  18,  1878 , 

To  unpaid  percentage  on  annulled 
contracta 

To  liability  for  labor,  &o 


$48,008  77 
954,600  00 

240,000  00 

900  17 
874  81 


1, 243, 883  25 


By  expenses  of  office 

By  general  engineering 

By  surveys 

By  constructions 

By  balance  on  account  of  property. 
By  cash  on  hand  and  in  Treasury . . 


$47,273  24 
30, 316  62 
77,060  80 
729,506  45 
103,348  52 
256,307  «2 


1,243,888  25 
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Money  statement 

July  ly  1877,  amonnt  available $106;404  14 

Amount  appropriated  by  acl  approved  June  18,  1878 240,000  00 

1346,404  14 

July  1,  1878,  amount  expended  during  fiscal  year 90,096  52 

July  1,  1878,  outstanding  liabilities 1,274  48 

91,371  00 

July  1,  1878,  amount  available 255,033  14 

Amount  (estimated)  reauired  for  completion  of  existing  project 6, 489, 600  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.        500,000  00 


N  a. 

IMPROVEMENT  OP  OSAGE  EIVER. 

Work  npon  this  river  has  been  suspended  during  three  years  just  past, 
but  the  a€t  of  Congress  approved  June  18, 1878,  having  provided  the 
sum  of  $20,000  for  its  further  improvement,  work  will  be  resumed  duiing 
the  coming  season. 

There  being  no  definite  project  in  progress,  no  statement  of  estimated 
amount  to  complete  existing  project  can  be  given  and  no  sum  recom- 
mended for  the  fiscal  year  ending  June  30, 1880. 

Money  statement 

Amount  appropriated  by  act  approved  Jane  18,  1878 |20,000  00 

July  1,  1878,  amount  available 20,000  00 
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ANNUAL  EEPORT  OF  LIEUTENANT  EDWARD  MAGUIRE, 
CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30,  1878. 

United  States  Enginebs  Office, 

Saint  Paulj  Minn.^  July  8, 1878. 
General,  :  I  have  tiie  honor  to  forwaid  herewith  my  annual  report 
for  the  fiscal  year  ending  June  30, 1878,  upon  the  work  of  improving 
Missouri  River  a^ve  the  mouth  of  the  Yellowstone. 
Very  re»pectftilly,  your  obedient  servaat, 

Edwd.  Maouibe, 
First  Lieutenant^  Corps  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A, 


IMPROVEMENT  OF  MISSOURI  RIVER  ABOVE  THE  MOUTH  OF  THE  YEL- 
LOWSTONE. 

On  January  3, 1878,  there  was  mailed  from  Ihis  office  to  the  Chief  of 
Engineers  a  full  report  ujwn  "  The  improvement  of  the  Missouri  River 
above  the  mouth  of  the  Yellowstone."  There  is  still  more  to  report. 
The  office- work  for  the  year  has  consisted  in  the  reduction  and  plotting 
of  the  notes  and  in  making  estimates  for  the  next  season's  work. 

On  the  5th  day  of  April  I  ordered  the  assistant  engineer  to  proceed  to 
Benton,  Mont,  to  inspect  the  river  and  report  upon  the  result  of  last 
season's  work.  The  result  is  most  gratifying.  The  report  is  that  steam- 
boats can  now  easily  pass  Gow  Island  at  low  water  without  (as  formerly) 
"  laying  a  line,"  and  that  at  Dauphin's  Rapids  the  "improved"  portion 
of  the  channel  is  readily  recognized. 

At  the  latter  point  the  width  of  the  channel  should  be  increased  to  200 
feet  in  order  to  render  it  practicable  for  all  classes  of  steamboats  which 
may  ascend  the  river.  The  width  of  100  feet  was  ordered  last  season 
with  the  idea  of  obtaining  as  great  a  length  of  channel  as  possible  in  one 
season.  The  work  will  be  continued  during  the  coming  summer  upon 
the  basis  of  last  season's  work.  But  two  parties  should  be  assigned  to 
the  work  at  this  x)oint  next  year. 

The  work  at  Gow  Island  will  be  finished  this  year,  and  it  is  expected 
also  that  the  difficulties  to  navigation  at  Grand  Island  and  Two  Calf 
Island  will  be  removed,  thus  confining  the  work  of  next  year  to  Dauphin's 
Rapids  and  the  reach  above. 

I  would  respectfolly  recommend  that  an  appropriation  of  $50,000  be 
requested  for  the  work.  I  would  also  renew  the  recommendation  for  an 
appropriation  of  $6,000  for  a  survey  of  the  river  fix)m  Benton  to  Carroll. 

44  E 
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Money  statement, 

July  1,  1877,  amount  arailable fl4,459  63 

Amount  appropriated  by  act  approved  June  18, 1878 30, 000  00 

$44,459  63 

July  1,  1878,  amount  expended  during  fiscal  year 10, 838  50 

July  1,  1878,  outstanding  liabilities 23  50 

' 10,862  00 

July  1, 1878,  amount  available 33,597  63 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      55, 000  00 


SPECIAL  REPORT  ON  IMPROVEMENT  OF  THE  MISSOURI   RIVER   ABOVE 
THE  MOUTH  OF  THE  YELLOWSTONE. 

United  States  Enqineer  Office, 
Headquarters  Department  of  Dakota, 

Saint  Paulj  Minn.y  January  3,  1878. 
General  :  I  have  the  honor  to  submit  herewith  a  report  upon  "  The 
improvement  of  the  Missouri  River  above  the  mouth  of  the  Yellowstone." 


THE  SECTION  OF  COUNTRY  TO  BE  SPECIALLY  BENEFITED. 

The  section  of  country  to  be  specially  benefited  by  the  improvement 
of  the  Upper  Missouri  River  is  the  Territory  of  Montana,  which  hes 
about  midway  between  the  great  lakes  and  the  Pacific  Ocean.  Embraced 
between  the  forty -fifth  and  forty -ninth  parallels  and  104^  and  11 5^  west 
longitude,  it  is  2*76  miles  wide  from  north  to  south  and  a  little  over  520 
miles  wide  from  east  to  west.  It  contains  143,776  square  miles,  about 
one-tenth  of  which  (or  9,000,000  of  acres)  are  farming-lands.  About  one- 
fourth  of  the  inhabitants  are  miners,  one-eighth  stockmen,  and  the  re- 
mainder tradesmen  and  professional  men. 

All  crops  are  planted  in  May  with  the  exception  of  winter  wheat, 
which  is  sown  in  October. 

Hay  is  cut  and  stacked  in  July,  and  retains  its  natural  green  color 
until  used.  This  peculiar  characteristic  is  remarkable,  and  it  is  said  that 
a  load  passing  along  the  street  at  Christmas  has  the  color  and  i>erfiiine 
of  the  new-mown  hay. 

The  greatest  yield  in  the  line  of  vegetables  is  in  potatoes,  turnips, 
and  onions. 

Strawberries  of  the  finest  varieties  ripen  in  July,  thus  furnishing  a 
luscious  berry  in  the  warmest  month  of  the  year  at  the  rate  of  40  to  50 
cents  a  quart. 

Tomatoes  do  not  ripen  until  September. 

Some  apples  are  grown  in  the  Territory,  but  not  to  any  great  extent 

The  experiments  of  the  Sisters  at  Saint  Ignatius  Mission  have  shown 
that  the  country  is  adapted  to  the  growth  of  apples,  plums,  and  all  va- 
rieties of  l)erries. 

The  spring- wheat  flour  of  Mont^ana  is  white,  of  fine  quality,  and  makes 
most  excellent  bread,  while  its  buckwheat  and  corn-meal  are  said  to  be 
equal  to  the  best  varieties  of  those  articles  in  the  States. 

The  chief  exports  of  Montana  at  present  are  ores,  furs,  hides,  wool 
and  cattle. 

The  imports  are  machinery,  manufactured  articles,  merchandise,  and 
supplies,  such  as  sugar,  cofiee,  tea,  &c. 
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Mr.  George  Cleudennin,  jr.,  infomiB  me  that  the  greater  portion  of 
the  furs  and  robes  are  colle<;tecl  from  the  Blackfoot  agency,  the  Marias, 
and  Milk  Biver  trading-posts,  and  from  the  British  possessions,  and  that 
Benton  is  the  point  from  which  they  are  shipped  to  the  East.  Benton 
receives  annually  about  100,000  robes  and  furs,  and  the  Crow  agency, 
south  of  the  Yellowstone,  about  5,000.  About  20,000  pounds  of  skins 
are  received  annually  at  the  Crow  agency,  and  at  Benton  150,000  |)ound6. 
Over  200,000  pounds  of  wool  are  annually  shipped  to  the  East.  This 
quantity  will  gradually  increase,  and  wool  of  a  fine  quality  will  become 
the  great  export  of  Montana. 

The  beef  of  Montana  is  the  best  in  the  world,  and  its  mutton  rivals 
the  celebrated  Southdown.  The  ease  with  which  large  herds  are  raised 
and  the  comparatively  slight  cost  of  maintaining  them  YriU.  undoubtedly 
cause  Montana  hi  the  future  to  furnish  the  Eastern  markets  with  an 
article  of  food  which  will  be  not  only  of  a  finer  quality,  but  cheaper  than 
that  with  which  they  are  now  supplied.  The  vaUey  of  the  Musselshell 
and  the  beautiiul  Judith  Basin  must  be  developed  into  magnificent  graz- 
ing-farms.  The  herds  in  Montana  are  not  housed  and  fed  during  the 
winter,  but  roam  at  will,  and  subsist  on  the  plentiful,  luscious,  and  nu- 
tritious grasses  all  the  yeiir  round. 

Of  the  shipment-s  to  the  Territory  about  one-fourth  are  to  Benton  and 
the  remainder  to  Helena  via  Benton.  Helena,  the  principal  distributive 
depot,  is  about  140  miles  from  Benton,  the  transportation  between  the 
two  places  being  by  means  of  wagon-trains. 

The  establishment  of  three  new  posts,  and  the  increase  of  the  number 
of  troops  stationed  in  the  Territory,  will  give  an  impulse  to  the  settle- 
ment of  the  country  by  at  least  a  partial  removal  of  the  two  barriers  to 
such  settlement — ^insecurity  of  life  and  property. 
•  In  regard  to  the  mineral  wealth  of  the  Territorv,  it  has  been  said 
that— 

As  a  gold-bearing  country'  Montana  stands  next  to  California^  and  in  silver  she  rankn 
first  in  quality  possessed,  and  second  to  Nevada  in  the  amount  produced. 

To  enter  fully  into  a  discussion  of  the  mining  interests  is  unnecessary 
for  the  purposes  of  this  report,  the  comprehensive  and  interesting  re- 
ports of  the  Commissioner  of  Mining  Statistics  being  accessible.  A 
few  leading  facts  are,  however,  here  set  down. 

In  his  report  for  1874,  the  commissioner  gives  the  following  exhibit  of 
the  productions  for  the  different  years : 

1869 19,000,000 

1870 9,100,000 

1871 8,050,000 

1872 6,068,339 

1873 5,178,047 

1874 3,844,722 

He  says  that  the  decrease  of  the  gold-yield  is  entirely  due  to  placer- 
mining.  Those  narrow  and  rich  gulches  and  bars,  to  which  short  ditches 
could  be  built  by  two  or  three  men,  have  been  exhausted.  To  work  the 
gold-bars,  which  abound  in  the  numerous  valleys,  it  is  mecessary  to  con- 
struct long  and  large  ditches,  and  this  can  be  done  only  by  companies 
having  abundant  capital  at  their  command.  It  is  expected,  therefore, 
that  there  will  result  a  consolidation  of  the  mining-ground  heretofore 
owned  in  small  parcels,  and  that  the  yield  will  be  increased  provided 
labor  does  not  remain  too  high. 

The  shipment's  of  silver-ore  are  gradually  increasing,  and  with  the 
introduction  of  quartz-mills  the  gold-yield  will  undoubtedly  become 
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greater.    Millionfl  of  tons  of  ore  now  lie  worthless  at  the  mines  on  ac- 
count of  high  rates  of  transportation. 

Montana  coal^  which  is  abundant  in  all  part«  of  the  Territory,  can  he  used,  as  it  now 
is,  for  blacksnuthing,  for  makii^  steam  for  locomotive  and  steamboat  purposes,  ss 
well  as  for  nmkine  gas  and  smelting  iron,  galena,  and,  in  short,  for  every  pnrpose  for 
which  soft  Peunsylvauia  coal  can  be  used.  Acconling  t<)  the  re^rts  of  the  Secretary  of 
the  Interior,  about  70,000  square  miles,  or  half  of  Montana,  is  underlaid  with  coal- 
beds  ;  but  this  I  regard  as  an  overestimate. 

Iron-ore  is  equally  abundant,  and  in  time  Montaua  can  alone  supply  the  needs  of  the 
western  half  of  the  continent  with  iron. 

In  regard  to  the  use  of  the  coal  for  steamboats,  I  would  add  that  the 
varieties  of  Montana  coal  (lignite)  which  I  have  seen  are  unfit  for  such 
purposes,  if  used  alone,  on  any  boat  which  is  not  furnished  with  loco- 
motive-boilers. It  is  difficult  of  ignition  and  the  flame  is  short.  But  if 
used  with  wood  it  causes  a  saving  in  that  article  by  keeping  up  a  hot 
body  to  the  fire,  while  the  wood  supplies  the  long,  lapping  flame. 

THE  VALUE  OP  THE  MISSOUBI  SIVEB  AS  A  LINE  OF  COMMUNICATION 
AND  TBANSPOKTATION. 

The  Missouri  River  and  the  common  roads  connecting  the  Territory 
with  the  Union  Pacific,  Central  Pacific,  and  Utah  Northern  Railroads, 
are  at  present  the  only  regular  lines  of  communication  with  Montana. 
Of  these,  the  river  is  by  far  the  most  imix)rtant ;  it  is  the  great  route. 
The  completion  of  the  Union  Pacific  and  the  low  water  of  1869  induced 
the  merchants  and  shippers  of  Montana  to  contract  for  the  transporta- 
tion of  their  freight  by  the  railroad,  it  having  lowered  it«  rates  during 
the  season  of  high  water  in  order  to  compete  -with  the  boats.  Time, 
however,  proved  the  superiority  of  the  water-route  in  spite  of  the  ob- 
stacles to  navigation,  and  the  bulk  of  imports  returned  to  the  river. 

The  Helena  Independent,  in  one  of  its  editorials,  says  of  the  river: 

Freights  can  he  laid  down  at  Benton  at  such  a  low  rate  that  succe^ssful  competition 
from  any  other  source  is  next  to  impossible.  At  any  rate  it  is  the  route  that  Montana 
must  look  to  for  cheap  freights  until  she  gets  a  railroad,  and,  therefore,  it  is  the  duty 
"of  her  people  to  put  forward  their  best  efforts  to  secure  measures  that  will  aid  in 
making  this  great  natural  highway  available  for  the  immense  commerce  that  will  pass 
over  it  for  the  next  ten  years.  It  is  desirable  that  the  river  navigation  should  he  kept 
np  from  the  time  ice  breaks  up  in  the  spring  until  it  is  closed  in  uie  foU  by  ice. 

The  above-quoted  statements  are  tnie,  but  should  be  stronger  in  this, 
that  the  Missouri  River  will  always  be  an  important  line  no  matter  how 
many  railroads  may  be  built  in  Montana. 

It  is  the  intention  to  carry  the  Northern  Pacific  Bailroad  along  the 
Bouth  bank  of  the  Yellowstone.  This  road  will,  of  course,  receive  part 
of  the  freight  to  and  from  Montana,  a^  does  the  Union  Pacific  at  pres- 
ent, but  there  is  a  larjge  extent  of  the  Territory  which  from  its  greater 
convenience  to  the  river  and  from  the  very  nature  of  its  productions 
must  find  an  outlet  for  those  productions  in  the  Missouri. 

It  is  impossible  to  say  when  the  Northern  Pacific  will  be  finished  or 
in  operation,  and  it  is  also  impossible  to  state  what  the  freight-rates  on 
tiiiat  road  will  be.  But  whatsoever  they  may  be,  the  Missouri  River 
will  always  receive  the  bulky  matter  as  better  adapted  to  its  carriage  at 
rates  to  which  the  railroad  cannot  safely  descend ;  and  it  wiU  also  by  its 
competition  ke^^  at  a  reasonable  figure  the  rates  on  those  articles  which 
will  naturally  seek  the  railroad  for  rapid  transit.  The  river,  then,  will 
be  indispensable  not  only  as  a  line  of  transportation,  but  as  sending  by 
its  competition  to  keep  down  the  freight-rates  on  the  railroads. 

It  is  proposed  now  simply  to  submit  such  an  exhibit  of  the  commerce 
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of  the  river  laHt  season  as  the  information  which  could  be  obtained  will 
permit. 

Messrs.  J.  G.  Baker  &  Co.  of  Benton,  who  ship  over  one-fourth  of  the 
freight  which  goes  up  the  river,  have  in  compliance  with  my  request 
kindly  furnished  me  with  the  following  information : 

During  the  last  season  25  steamers  arrived  at  Benton,  landing  5,283 
tons  of  freight  and  about  1,500  passengers.  These  boats  carried  down 
the  river  3,200  tons  of  freight  and  about  500  passengers. 

The  imports  consisted  of  merchandise  for  the  merchants  of  Montana, 
supplies  for  the  Army  and  Indians  and  the  Northwest  Mounted  Police 
of  Canada. 

The  exports  consisted  of  ore,  wool,  hides,  and  furs ;  principally  of  ore. 

Owing  to  the  Indian  troubles  only  six  steamers  landed  at  Cow  Island, 
parties  fearing  to  ship  freight  by  that  route  as  it  would  have  to  be  car- 
ried overland  in  wagons  to  Benton. 

The  additional  cost  of  transportation  via  Cow  Island  has  been  2^  cents 
per  pound,  or  about  three  times  as  much  as  it  would  have  been  if  boats 
could  have  carried  the  freight  to  Benton. 

The  average  amount  of  freight  landed  at  Cow  Island  annually  is  500 
tons,  causing  an  extra  annual  expense  to  the  government  and  citizens 
of  $25,000.  In  addition  to  this  both  the  government  and  citizens  ship 
by  the  Union  Pacific  Eailroad  (a  circuitous  route  requiring  450  miles  of 
wagon  transportation)  at  a  heavy  expense.  This  causes  a  difference  in 
freights  of  at  least  $75,000.  This  would  not  occur  were  the  river  navi- 
gable during  the  whole  season.  Since  1870  the  commerce  of  the  river 
has  increas^  50  per  cent. 

During  the  month  of  September  about  60  tons  of  government  freight 
were  burned  at  Cow  Island  by  the  Nez  Percys.  This  freight  was  l,>ing 
at  the  landing  awaiting  transportation  to  Benton,  and  the  loss  could  not 
have  occurred  if  the  boats  had  been  able  to  reach  the  latter  place. 

The  number  of  troops  stationed  in  Montana  has  been  increased,  and  it 
naturally  follows  that  a  greater  amount  of  supplies  will  be  sent  to  the 
Territory  hereafter.  It  would  be  a  great  saving  to  the  government  to  be 
able  to  shij)  these  supplies  direct  to  Benton  by  boat,  and  thence  haul 
them  by  wagons  to  the  different  posts,  at  the  rate  of  1 J  cent  per  10ft 
miles. 

The  following  is  a  classified  schedule  of  exports  and  imports,  viu  the. 
river,  for  1877: 

EXPORTS. 

Ore  aud  bnUion,  1,335  tons ;  average  value  per  ton,  |750 ;  total  value. .,  |91S,  750  00 

Wot)l,  208,459  pounds ;  value ,..,, 7*2,960  75 

BuffaJo-PobeB,  50,512 robes;  value  202,048  00 

AntelopNB,  elk,  and  deer  skins,  pounds,  68,530 ;  value   12, 335  40 

Bear-skins,  61  skins ;  value    ,.  305  00 

Wolf-skins,  2,034  skins ;  value .,.,, 7,05145. 

Beaver-skins,  6,703  |)ounds ;  value 6,703  00 

Hides,  15,267  hides ;  value 45,80100 

Mixed  furs,  value 2,150  00 

Sheep-skins,  1,482  skins;  value ,, 592  80 

Cattle,  112  head;  value 2,240  00 

Fort  Madeod  BhipmeHU, 

595  tons,  value 303,600  00 

Cypress  sMpnwnts. 
350  tons,  value.., 180,000  00 

IMPORTS. 

Montana  freight,  4,648  tons;  average  value  per  ton,  |300;  total  value.  |1, 394, 000  00 
Cana<lian  freight,  1,025  tons;  value 310,000  00 
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Of  these  imports,  390  tons  were  landed  at  Cow  Island. 

The  total  value  of  the  commerce  of  the  river  was  $3,458,536.60. 

It  is  perhaps  well  to  state  here  that  the  river  is  navigable  to  Benton 
from  abcmt  May  to  the  middle  of  August,  and  that  from  the  latter  date 
to  about  the  middle  of  October  boats  land  their  freight  and  passengers 
at  Cow  Island. 

The  fact  that  freight  must  be  rehandled  at  Cow  Island  (rehandling 
being  always  a  source  of  increased  expense)  and  that  transportation  by 
wagons  is  more  costly  than  that  by  boats  has  led  the  people  of  Montana 
to  ask  that  the  river  should  be  improved  in  order  that  the  annual  period 
of  navigation  to  Benton  may  be  extended. 

HISTORY  OF  THE  WORK. 

As  early  as  the  year  1867  Capt.  C.  W.  Howell,  Corps  of  Engineers,  U. 
S.  A.,  submitted  a  report  upon  the  Missouri  River,  which  was  published 
in  the  Report  of  the  Chief  of  Engineers  for  1868. 

In  1872  a  similar  report  by  Mr.  Thos.  P.  Roberts,  Asssistant  Engineer 
pf  the  Northern  Pacific  Raihroad,  wiis,  upon  the  rei*>ommendation  of  the 
Chief  of  Engineers,  United  States  Army,  printed  by  the  War  Depart- 
ment. 

Again,  in  1875,  Mty.  Charles  R.  Suter,  Corps  of  Engineers,  XJ.  S.  A., 
rei>orted  upon  the  improvement  of  the  Missouri  River  above  the  mouth 
of  the  Yellowstone. 

The  act  of  Congress  approved  August  14, 1876,  appropriated  the  sum 
of  $20,000  for  the  "  impi-ovement  of  the  Missouri  River  above  the  mouth 
of  the  Yellow^stone,"  and  a  letter  from  the  Chief  of  Engineers,  dated 
March  21,  1877,  informed  me  that,  with  the  sanction  of  the  Secretary  of 
War,  I  was  assigned,  in  addition  to  my  other  duties,  to  the  charge  of 
the  work,  under  the  direction  of  the  Chief  of  Engineers. 

The  three  rejiorts  referred  to  above  furnished  the  only  data  upon  which 
to  base  a  project,  but  inquiries  in  reference  to  the  proposed  work  were  at 
once  submitted  to  the  different  companies  whose  boats  na\'igate  the  Mis- 
souri, and  the  replies  thereto  agreed  with  the  reiiorts  in  this,  that  Dau- 
phin's Rapids  were  the  greatest  obstructions  in  the  river,  ana  should  re- 
ceive the  first  attention. 

Consequently  the  project  submitted  having  been  approved,  a  party, 
consisting  of  one  assistant  engineer,  one  recorder,  one  overseer,  and 
twenty-three  laborers,  were  organized  and  sent  to  Dauphin's  Rapids,  leav- 
ing this  city  June  11,  and  arriving  at  the  Rapids  June  25,  1877. 

The  scene  of  operations  being  so  remote  from  any  depot  of  supplies, 
all  the  men  and  all  of  the  material,  with  the  exception  of  the  few  addi- 
tional articles  which  the  development  of  the  work  called  forth,  w^ere  sent 
from  this  city. 

Authority  was  obtained  for  the  purchase  of  rations  from  the  Subsist- 
ence Depaitment,  and  the  great  bulk  of  such  supplies  was  purchased 
at  Fort  Buford. 

A  company  of  the  Seventh  Infantry,  commanded  by  Capt.  T.  S.  Kirt- 
land,  was  detailed  as  escx)rt.  I  am  very  much  indebted  to  Captain  Kirt- 
land  for  his  uniform  great  courtesy  and  the  interest  in  the  work  w^hich 
he  displayed  during  the  whole  season. 

My  annual  report  for  the  last  fiscal  year  stated  that  it  was  the  inten- 
tion to  procui'e  a  channel  300  feet  wide,  with  a  depth  of  4  feet  at  low- 
water  stage ;  but  upon  visiting  Dauphin's  Rapids  I  found  that  this  pit)jei*t 
would  have  to  be  changed.  Instead  of  finding  simply  a  few  rocks  dis- 
tributed here  and  there  through  the  channel,  the  bed  of  the  river  proved 
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to  be  literally  paved  with  rocks,  varyiug  in  size  from  6  cubic  inches  to 
3  cubic  yards.  It  would  have  been  impossible  in  one  season  to  have  ob- 
tained a  channel  300  feet  in  width.  It  would  have  been  equally  impossi- 
ble to  have  obtained  one  4  feet  in  depth.  Consequently  I  direct-ed  that 
a  channel  only  100  feet  in  width  should  be  cleared  to  the  level  of  the 
gravel-bed,  and  that  wing-dams  should  be  constructed,  as  shown  on  the 
map*  of  Dauphin's  Bapids  appended.  All  of  the  soundings  taken  are 
not  plotted  on  this  map.  By  means  of  the^e  dams  the  whole  volume  of 
water  would  be  thrown  into  the  channel,  and  secure  a  depth  of  more 
than  30  inches  free  of  rocks.  Such  a  channel  is  considered  to  be  suffi- 
cient, as  the  boats  which  navigate  the  Upper  Missouri  are  of  about  30 
feet  beam,  and  have  a  draught  of  about  30  inches  for  a  full  load. 

It  was  not  until  the  13th  of  August  that  the  stage  of  the  river  was 
such  as  to  allow  of  any  work  in  the  way  of  removal  of  rocks.  The  work 
once  commenced,  however,  good  progi-ess  was  made  until  September  26, 
when  the  work  at  that  point  was  abandoned,  for  the  reason  that  Major 
Ilgis,  Seventh  Infantry,  ordered  the  escort  to  Cow  Island,  and  the  work- 
ing-boats were  needed  for  transi)ortiation.  The  report  of  my  assistant, 
which  will  be  found  appended,  is  full  as  to  this  matter.  Wliile  regret- 
ting that  the  work  at  the  Bapids  could  not  be  finished,  thus  making  a 
"clean  job"  of  it,  still  it  is  to  be  considered  that  work  was  done  at  Cow 
Island  which  is  of  incalculable  benefit,  and  which  could  not  have  been 
done  had  the  work  at  Dauphin's  been  continued. 

The  season's  operations  may  be  smnmarized  as  follows: 

At  Dauphin's  liapids  a  channel  100  feet  wide  and  1,800  feet  long  was 
cleared  of  rocks.  Several  bunches  of  rocks  were  also  taken  out  below 
the  foot  of  this  channel.  The  number  of  rocks  removed  was  2,400,  meas- 
uring 286.5  cubic  yards,  and  requiring  for  their  removal  128  dynamite 
blasts,  in  addition  to  the  ordinary  grai3pling.  A  dam  to  close  the  right 
chute  was  carried  out  to  a  distance  of  130  feet.  The  work  on  this  dam  was 
discontinued  because  it  was  found  to  be  throwing  water  into  the  channel 
and  interfering  with  the  removal  of  the  rocks.  It  ha«  a  crest  of  6  feet, 
an  upstream  slope  of  i,  and  a  downstream  slope  of  |.  It  contains  200 
cubic  yards  of  stone.  The  upstream  slope  is  covered  with  a  layer  of 
gravel,  50  cubic  yards  having  be-en  used  for  this  purpose.  In  addition, 
about  1,000  cubic  yards  of  stone  were  collei'ted  on  the  banks.  This 
amount  will  suffice  for  the  completion  of  the  above-mentioned  dam  and 
for  the  construction  of  the  proposed  one  above  it.  Three  other  short 
dams  ^containing  about  60  cubic  yards  of  stone)  were  constructed  near 
the  left  bank. 

At  Cow  Island  all  of  the  rocks  were  removed  from  the  channel,  and 
the  right  chute  closed  by  a  dam,  thus  securing  at  the  time  work  ceased 
a  clear  channel  varying  in  depth  from  over  30  inches  to  5  feet.  As  the 
dam  becomes  tighter  from  the  deposition  of  sediment,  more  water  will 
be  thrown  into  the  channel.  This  dam  is  419  feet  long,  has  a  crest  of  8 
feet,  an  upstream  8loi)e  of  J,  a  downstreiim  slope  of  },  and  contains 
710  cubic  yards  of  stone. 

The  escort  left  Cow  Island  October  14,  and  the  party  started  down  the 
river  October  21,  arri\Tuig  in  Saint  Paul  November  13. 

Water-gauge  readings  were  miule  at  Cow  Island  during  the  season, 
but  the  record  was  burned  by  the  Nez  Percys  when  they  crossed  the  river 
at  that  point,  September  23.    Similar  observations  were  made  at  Carroll. 

*  The  maps  and  sketches  referred  to  herein  are  on  file  in  the  office  of  the  Chief  of 
Engineers. 
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IMPROVEMENT  OP  THE  BIYEB. 

A  very  full  and  complete  description  of  the  Missouri  Eiver  is  given  in 
Howell's  report,  and  it  is  therefore  unnecessary  to  enter  into  any  minute 
details.  I  will  simply  state  that  the  river  between  Benton  and  Carroll 
may  be  considered  as  having  a  fixed  regimen,  and  the  work  necessary 
for  its  improvement  is  simple  in  its  character  and  will  be  permanent  in 
its  effects.  There  is  plenty  of  water,  the  low- water  discharge  at  Dau- 
phin's Rapids,  computed  from  current  observations  made  last  summer, 
being  11,062  cubic  feet  per  second.  The  surface  rate  of  current  for  low- 
water  is  3.2  miles  per  hour,  and  for  a  medium  high  stage  it  is  4.3  miles 
per  hour.  The  average  fall  for  a  distance  of  3,200  feet  is  at  the  rate  of 
8.9  teet,  and  for  1,000  feet  of  that  distance  the  fall  is  at  the  rate  of  11.42 
feet  per  mile. 

Before  making  any  suggestion  as  to  the  work  which  should  be  done 
in  this  portion  of  the  river,  I  shall  refer  to  the  lower  reach  of  the  stream 
or  that  between  Carroll  and  the  mouth  of  the  Yellowstone. 

The  obstructions  to  th^  navigation  of  this  latter  iwrtion  consist  of 
snags  and  shifting  sand  bars.  The  snags,  however,  are  not  of  frequent 
occurrence,  and  as  the  boats  never  run  at  night  save  when  there  is  a 
bright  moon,  and  as  they  run  entirely  by  the  appearance  of  the  water, 
I  do  not  consider  the  snags  of  sufficient  imjwrtance  to  call  for  an  ex- 
penditure of  time  and  money  for  their  removal.  I  understand,  too,  that 
the  ice  each  year  removes  a  great  portion  of  them  and  that  their  places 
are  supplied  by  new  ones  during  each  flood.  I  have  learned  of  no  boat 
which  has  ever  been  injured  by  snags  in  the  Missouri  above  the  mouth 
of  the  Yellowstone. 

Sketches  9  and  10,  the  former  of  Bird's  Island,  about  15  miles  below 
Carroll,  and  the  latter  of  Spread  Eagle  Bar,  will  convey  a  slight  idea  of 
the  nature  of  the  obstructions  due  to  shifting  sand  bars.  While  these 
bars  cause  delays  still  they  are  not  impassable  and  boats  can  "  get  over'' 
by  "sparring"  or  "laying  lines."  The  works  which  would  be  required 
for  a  successful  removal  of  this  class  of  obstructions  would  be  so  exten- 
sive and  so  costly  that  they  would  be  entirely  disprox)ortionate  to  the 
interests  to  be  considered,  besides  possessing  always  the  element  of  un- 
certainty of  permanency.  While  it  is  to  be  desired  that  boats  should 
be  able  to  go  to  Benton  during  the  whole  season,  still  the  delays  ex- 
perienced at  these  lower  poin£  are  not  of  an  importance  sufficient  to 
warrant  the  outlay  necessary  for  the  removal  of  the  causes  of  such  de- 
lays. There  are  it  is  true  occasional  places  where  rocks  are  to  be  found 
in  the  river,  but  until  their  number  be  increased  or  their  positions  be  so 
changed  as  to  present  greater  obstacles  than  they  now  do  I  do  not  con- 
sider them  deserving  of  attention. 

But  between  Carroll  and  Benton  the  obstructions  are  serious,  consist- 
ing of  rocks  and  gravel  bars  which  do  not  shift.  The  work  of  improve- 
ment should  at  present  be  conflne<l  to  this  reach. 

Then  follows  a  brief  description  of  the  obstructions  encountered,  start- 
ing from  Benton.  The  sketches  referred  to  are  drawn  to  no  scale,  an  no 
surveys  have  been  made  of  the  localities,  and  they  are  submitted  simply 
to  convey  an  idea  of  the  nature  of  the  work  to  l>e  done. 

1.  Shonkin  Bar  (sketch  No.  1). — ^Two  bars  are  found  at  this  place,  the 
upper  one  dry  and  the  lower  one  submerged  at  all  times.  From  the 
upper  bar  a  gravel  reef  makes  out  obliquely  across  the  stream  to  the 
point.  At  low  water  stage  there  ai-e  only  20  inches  of  depth  on  the  reef 
In  the  sketch  the  full  line  indicates  the  high-water  channel,  and  the 
broken  one  the  low- water  channel.    To  improve  this  place  it  is  proposed 
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to  build  out  from  the  upper  bar  on  the  reef  a  wing-dam  so  as  to  confine 
the  water  to  a  narrower  channel  and  thus  obtain  an  increased  depth  on 
the  reef.  The  term  reef  is  here  used  arbitrarily  (and  will  be  so  used 
throughout)  to  indicate  a  submerged  gravel-bar  as  distinguished  from 
the  larger  and  more  sandy  bars  which  during  low  water  assume  almost 
the  proportion  of  islands. 

2.  Acker^s  Island  (sketch  No.  2). — ^A  gravel  reef  makes  firom  the  head 
of  the  island  toward  the  right  bank,  leaving  a  very  narrow  and  crooked 
channeL  The  two  heavy  dots  indicate  a  snag  and  rocks  which  should 
be  removed.    The  left  chute  should  be  closed. 

3.  Ackley  Bars. — ^The  river  is  here  divided  into  two  chutes  by  bars, 
and  there  are  rocks  in  the  channel  near  the  foot  of  the  bars.  The  left 
chute  should  be  closed  by  a  dam  and  the  rocks  removed. 

4.  J5ittjf  Rapids  fsketch  No.  3). — ^The  river  is  here  divided  into  two 
chutes  by  Gould  Island,  and  there  are  a  few  rocks  near  the  head  of  the 
channel  or  right  chute.  The  left  chute  should  be  closed  and  the  rocks 
removed. 

5.  Kipj^s  Rapids. — ^Broad,  shallow,  and  friU  of  rocks.  Water  very 
swift.  A  good  channel  should  be  made  by  the  removal  of  some  of  the 
rocks. 

6.  Eagle  Reef  (^%t(^  No.  4). — ^The  channel  here  is  very  narrow  and 
crosses  the  rocks  as  shown  in  the  sketch.  The  chute  A  closes  of  itself 
during  low  water.    Some  of  the  rocks  should  be  removed. 

7.  Sole  in  the  Wall. — ^At  Hole  in  the  Wall  the  river  is  divided  into 
different  chutes  by  three  bars.  The  water  is  shallow,  and  an  increase 
of  depth  should  be  obtained  by  closing  some  of  the  chutes. 

8.  McKnighfs  Bars. — ^Here  the  channel  is  to  the  left  of  the  bars ;  is 
very  narrow,  and  contains  rocks  which  should  be  removed. 

9.  Rapids  half  a  mile  below  McKnighfs  Bars  (sketch  No.  5). — ^The  river 
at  this  point  is  obstructed  by  two  reefe  of  bowlders,  as  shown  in  the 
sketch.  Eocks  should  be  removed  from  the  i)oint  of  each  of  these  reefs 
so  as  to  straighten  the  channel. 

10.  Double  Islands. — ^At  the  Double  Islands,  just  below  the  Niches,  the 
river  is  divided  into  two  chutes,  the  "  suck  ^  being  to  the  right.  Bowl- 
ders lie  across  the  channel  at  the  head  of  the  islands,  running  obliquely 
up  stream  toward  the  right  bank.    These  bowlders  should  l^  removed. 

11.  Pablos  Rapids. — ^The  Pablos  Bapids  commence  at  Point  of  Bocks, 
and  are  quite  long  and  broad.  There  is  a  sufficient  depth  of  water,  but 
the  channel  is  filled  with  bowlders.  A  free  channel  should  be  made  by 
the  removal  of  some  of  the  bowlders. 

12.  Holmes's  Rapids  (sketch  No.  6). — These  rapids,  commencing  above 
Birch  Creek,  are  over  a  mile  in  length.  The  water  is  very  swift,  and 
there  are  a  number  of  bowlders  in  the  channeL  Boats  cannot  pass  these 
rapids  during  low  water  on  account  of  the  bowlders.  A  clear  channel 
should  be  m^e  by  removing  some  of  them. 

13.  Lone  Rock  Rapids. — Here  the  river  is  divided  into  two  chutes  by 
a  very  long,  narrow  bar  which  runs  up  close  to  the  right  bank,  leaving 
a  narrow  but  deep  channel,  which,  however,  has  situated  in  it  a  large 
rock  some  12  feet  in  diameter,  and  which  cannot  be  passed  in  low  water. 
The  removal  of  this  rock  would  make  the  channel  a  good  and  safe  one. 

14.  Big  Bowlder. — This  bowlder  projects  about  2  feet  above  low  water, 
and  has  damaged  several  boats.    It  should  be  removed. 

15.  Gallatin  Rapids. — ^The  obstraction  at  this  point  consists  of  a  broad 
diagonal  reef  of  bowlders.  It  is  difiicult  for  even  a  mackinac  to  pass 
without  hitting.  A  channel  should  be  made  here  by  removing  bowl- 
ders. 
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16.  Beards  Rapids. — ^At  this  point  there  is  a  bad  reef  of  bowlders  whidi 
cannot  be  passed  by  steamboats  during  low  water.  A  channel  should 
be  made  by  removing  bowlders. 

17.  Dauphin^s  Eapids. — At  a  small  island  above  the  rapids  there  are  a 
few  rocks  in  the  chaimel  which  should  be  removed.  The  work  on  the 
Eapids  themselves  should  be  continued  and  finished.  For  a  distance  of 
about  8  miles  below  the  foot  of  the  rapids  proper  the  channel  is  ob- 
structed at  various  places  by  rocks  which  should  be  removed. 

18.  Magpie  Bapids, — The  removal  of  rocks  is  all  that  is  required  here. 

19.  Bird? 8  Rapids, — These  rapids  are  caused  by  a  rocky  reef  which  ex- 
tends out  from  the  right  bank.  There  is  plenty  of  water,  but  the  channel 
is  only  about  20  feet  wide  at  low  water  and  should  be  widened  by  the 
removal  of  some  of  the  rocks. 

20.  Sturgeon  Island, — There  is  plenty  of  water  in  the  channel,  but  at 
the  head  of  the  island  there  is  a  "suck''  into  the  left  chute  and  boats 
are  sometimes  dra^Ti  over  on  to  the  bar.  This  can  be  prevented  by 
closing  the  left  chute  with  a  dam. 

21.  hmke  Point, — ^The  lateral  chute  here  should  be  closed  by  a  dam. 

22.  Cow  Island. — The  dam  closing  the  middle  chute  and  marked  on 
the  map  "Proposed  Dam,''  should  be  built  and  the  upper  one  should  be 
finished.    There  should  also  be  a  short  spur  at  the  foot  of  the  islands. 

23.  Orand  Island  ^sketch  No.  8). — The  diflficulties  at  this  point  are 
caused  by  two  gravel  reefs,  one  at  the  head  and  the  other  at  the  foot  of 
the  island.  The  water  on  these  reefs  is  very  shoal,  being  only  21  inches 
in  depth  at  low  water  stage.  All  of  the  lateral  chutes  should  be  closed 
by  dams,  and  it  will  probably  be  found  necessary  to  rake  the  bars  and 
build  wing-dams  to  raise  the  water  on  the  reefs. 

24.  Two  Calf  Islands  (sketch  No.  7). — ^At  this  point  the  lateral  chutes 
should  be  closed  by  dams. 

In  my  annual  report  for  the  last  fiscal  year  I  recommended  an  appro- 
priation of  $30,000,  but  I  discovered  upon  a  personal  examination  of  the 
river  last  summer  that  the  obstructions  were  much  more  extensive  and 
demanded  more  labor  and  time  for  their  removal  than  I  was  led  to  suppose. 
The  above  amount  was  proposed  under  the  supposition  that  the  obstruc- 
tions to  navigation  were  so  slight  that  one  party  would  suflBce  for  the  work. 
Thei  annual  period  of  time  during  which  rocks  can  be  economically  re- 
moved from  the  river  is  very  short,  being  only  two  months.  The  rapidity 
of  the  current  and  the  depth  of  water  are  too  great  before  about  the 
middle  of  August  to  permit  of  work  under  water,  and  operations  should 
not  be  continued  later  than  October  20.  The  only  project  then  is  to 
increase  the  number  of  working  parties,  and  distribute  them  at  diflferent 
points  along  the  river.  I  would,  therefore,  respectfully  recommend  that 
at  least  three  parties  be  employed  on  the  work  and  that  an  ax)propriatiou 
of  $75,000  be  asked  for,  as  I  consider  that  amount  the  least  that  can  l>e 
profitably  expended  in  one  season  and  produce  apparent  practical  results. 
I  am  of  the  opinion  that  with  that  amount  the  river  can  be  improved  to 
such  an  extent  that  boats  wiU  be  enabled  to  go  to  Benton  during  the 
whole  season. 

I  would  also  recommend  that  application  be  made  for  an  appropriation 
of  $5,000  for  a  survey  of  the  river  from  Benton  to  Carroll.  This  suney 
can  be  made  in  one  season,  and  is  indispensable  lor  an  intelligent  cousicl- 
eration  of  the  improvement  of  the  river.  As  it  now  is,  having  no  other 
knowledge  than  that  boats  have  exi)erienced  difficulties  at  certain  points, 
it  is  impossible  to  do  more  than  to  estimate  for  the  maintenance  of 
three  parties  and  trust  to  the  developments  of  the  coming  season  for 
accurate  and  detailed  information.    It  may  be  that  in  the  course  of 
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the  work  at  the  points  enumerated  above,  difficulties  at  other  points  will 
be  discovered  or  developed. 

To  repeat,  at  least  three  parties  should  be  organized  in  this  city,  and, 
provided  with  all  the  necessary  material  and  appliances,  be  sent,  one  to 
Shonkin  Bar,  one  to  Dauphin's  Eapids,  and  the  third  to  Cow  Island. 
The  first  party  should  finish  all  necessary  work  at  Shonkin  Bar,  and  then 
proceed  in  succession  to  Pablos,  Holmes's,  Lone  Bock,  GaUatin,  and 
Bear's  rapids.  These  are  the  most  important  obstructions,  and  their 
removal  is  absolutely  necessaiy  to  enable  boats  to  reach  Benton.  The 
second  party  should  finish  the  work  at  Dauphin's  Bapids,  and  then  turn 
its  attention  to  that  portion  of  the  river  between  Dauphin's  Bapids  and 
Cow  Island.  The  third  party  should  complete  the  work  at  Cow  Island, 
and  then  proceed  in  turn  to  Grand  Island  and  Two  Calf  Island. 

Great  credit  is  due  to  Mr.  H.  £.  Stevens,  assistant  engineer,  for  the 
ability  and  energy  which  he  brought  to  bear  upon  the  work. 

I  have  the  honor  to  forward  herewith  tracings  of  detailed  maps  of 
Dauphin's  Bapids  and  Cow  Island. 

Very  respectfully,  your  obedient  servant, 

Edwd.  Maguibe, 
First  Lieutenant  of  Engineers. 

The  Chief  of  Engineers,  U.  8.  A. 


report  of  mr.  h.  £.  stevens,  assistant  engineer. 

United  States  Engineer's  Office, 

Saint  Pauly  Minn.,  December  20,  1877. 

Sir  :  I  have  the  honor  to  render  the  foUowing  report  upon  the  improvement  of  the 
MisBOuri  River  above  the  mouth  of  the  YeUowstone  River : 

Orders  were  received  from  you  to  prepare  for  the  work  May  10,  1877.  An  uncer- 
tainty afi  to  the  exact  nature  of  the  work  to  bo  done,  coupled  with  the  impossibility  of 
obtaining  a  aupplementary  outfit,  made  it  necessary  to  provide  liberally  for  contin- 
gencies. 

Lumber  was  purchased  and  boats  framed  and  packed  at  Minneapolis.  Tools  and 
camp-e<iuipage  were  bought  and  men  hired  here. 

Upon  the  11th  of  June  I  left  Saint  Paul  via  the  Northern  Pacific  route  with  a  party 
consisting  of  a  recorder,  foreman,  blacksmith,  carpenter,  cook,  and  20  men,  including 
lK)atmeu  and  quarry  men.  After  a  delay  of  two  days  at  Bismarck,  I  took  the  steamer 
Benton  the  moniine  of  the  16th  for  Dauphin's  Rapids,  this  being  the  place  about  which 
steamboatmen  made  the  most  complaint  and  at  which  the  first  work  was  to  be  done. 

Arriving  at  Dauphin's  Rapids  upon  the  25th  of  June,  I  commenced  building  the  boats, 
and  was  rea<ly  for  work  upon  the  17th  of  July. 

Dauphin's  Rapids  are  caused  by  an  excessive  fall  and  an  unusual  widening  of  the 
river.  There  is  no  navigable  3-foot  channel  clear  of  rocks  for  a  distance  of  3,100  feet. 
The  lower  part  of  the  rapids  is  divided  by  a  gravel  bar  2,000  feet  long,  300  feet  wide, 
projecting  about  2.5  feet  above  low-water.  The  main  channel  assumes  •  nearly  the 
shape  of  the  left  bank.  The  chute  to  the  right  of  the  bar  is  used  by  boats  during  high 
water.  In  places  the  bottom  is  paved  with  bowlders  varying  in  size  from  6  cubic 
inches  to  3  cubic  yards;  these  are  often  found  in  groups,  one  or  more  large  rocks  form- 
ing the  nucleus  about  which  the  others  gather  and  tfhke  their  places  in  the  most  com- 
pact form.  Again  it  is  of  coarse  gravel,  studded  with  )>owlaers  buried  deep,  often 
reaching  through  to  the  subsoil  of  clay. 

The  low  water  discharge  of  the  river  at  Dauphin's  Rapids  is  11,062  cubic  feet  per 
8ec<»nd;  of  this,  5,047  cubic  feet  per  second  flows  to  the  right  of  the  bar. 

The  surface-rate  of  current  at  low  water  in  the  main  channel  is  3.2  miles  per  hour; 
at  a  medium  high  stage  it  is  4.3  miles  j>er  hour.  Only  the  better  boats  upon  the  river 
can  stem  it  without  the  use  of  a  line. 

The  average  fall  for  3,200  feet  is  at  the  rate  of  8.9  feet  per  mile,  and  for  1,000  feet  of 
this  distance  it  is  11.42  feet  per  mile.  The  slow  rate  of  the  current  compared  with  the 
great  fall  can  be  accounted  for  by  the  fact  of  the  shoal  water  and  the  presence  of  so 
many  bowlders. 

The  improvement  devised  was  to  remove  all  bowlders  in  the  upper  700  feet  of  the 
shoal  to  the  depth  of  3  feet,  and  for  the  remainder  of  the  way  to  remove  them  to  a 
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depth  of  2.5  feet ;  then  to  bnild  two  wine-dams,  the  lower  one  closing:  the  chute  to 
right  of  the  bar,  the  upper  one  projeetiug  nom  the  right  bank  opposite  the  head  of  the 
2.5-£oot  channel;  the  dams  to  be  of  bowlders,  which  could  be  obtained  along  the  banks 
within  a  mile  of  the  proposed  sites ;  the  bowlders  taken  from  the  channel  to  be  so  dis- 
posed along  the  left  bank  as  to  contract  the  width  of  the  river  100  feet. 

Upon  the  19th  of  July  the  derrick-boat  was  anchored  in  the  channel,  and  an  attempt 
made  to  commence  clearing  it  of  rocks.  The  current  was  found  too  swift  and  toe 
depth  of  water  too  great  to  allow  of  the  profitable  prosecntion  of  the  work,  so  that  it 
was  abandoned,  to  wait  for  a  lower  stage  of  water.  In  the  mean  time  work  of  gather- 
ing and  transporting  rocks  for  the  wing-dams  was  carried  on. 

Between  the  19th  of  July  and  the  13th  of  August  several  unprofitable  efforts  were 
made  to  remove  rocks.  Upon  the  13th  of  August  I  anchored  the  boat  over  one  of  the 
bad  prominent  bunches  in  the  lower  part  of  the  rapids  (one  of  the  bunches  which 
steamboatmen  had  represented  as  a  single  rock),  and  was  able  to  do  good  work  in  its 
removal.  After  taking  out  several  groups  near  the  foot  of  the  rapids,  and  thus  gain- 
ing a  good  idea  of  the  magnitude  of  the  work,  I  found  that  it  would  be  impoHsible  to 
clear  a  channel  of  the  proposed  width  (300  feet)  during  the  season  with  the  appliances 
at  hand.  I  therefore  concluded  to  first  secure  a  channel  of  100  feet  in  width.  This 
being;  properly  buoyed  out,  work  was  commenced  at  the  head  of  the  rapids,  and  all 
bowlders  taken  out  to  a  depth  of  3  feet.  A  daily  progress  of  40  linear  feet  of  channel 
was  made  for  a  distance  of  700  feet.  Over  this  portion  the  water  was  deep,  but  the 
bottom  was  covered  with  large  rocks  projecting  above  the  required  depth ;  many  of 
them  required  blasting. 

At  this  point,  the  water  becoming  shoaler,  dei>endence  was  placed  upon  the  wing- 
dams  to  raise  the  water  surface,  and  the  rocks  were  taken  out  to  a  depth  of  2.5  feet. 
This  was  the  most  troublesome  portion  of  the  rapids  to  clear  of  rocks.  As  there  were 
many  places  where  the  even  gravel^bottom  was  covered  by  slack  2.5  feet  water,  it  was 
necessary  to  remove  all  the  small  stones.  They  were  deeply  bedded  in  coarse  gravel, 
and  required  moving  from  their  beds  by  the  use  of  d^amite  before  they  could  be 
grappled.  During  the  progress  of  the  work  on  the  rapids,  the  gathering  of  rocks  for 
the  wing-dams  was  continued  and  the  lower  one  built  for  130  teety  when  it  com- 
menced to  throw  water  into  the  main  channel,  and  work  upon  it  was  immediately 
stopped.  There  are  in  the  dam  900  cubio  yaids  of  rock.  The  upper  sloi>e  is  covered 
with  gravel,  50  cubic  yards  having  been  used.  The  dam  is  6  feet  wide  on  top,  front 
slope  2  to  1,  back  slope  1  to  1.  Besides  the  rock  in  the  dam,  there  are  gathered  upon 
the  banks  about  1,000  cubic  yards,  a  sufficient  amount  to  construct  the  remaining  por- 
tion of  the  lower  dam  and  all  of  the  upper  dam. 

The  work  had  progressed  satisfactorily  until  the  26th  of  September.  There  had  been 
taken  from  the  channel  2,400  bowlders  of  over  a  cubic  foot  each,  in  all  measuring 
286.5  cubic  yards.  They  were  placed  along  the  left  bank.  For  the  removal  of  these 
bowlders,  128  blasts  were  exploiiled.  At  this  time  the  channel  had  been  cleared  for  a 
distance  of  1,800  feet  from  the  head  of  the  rapids,  including  the  worst  of  the  shoal^  and 
besides  several  prominent  bunches  of  rocks  had  been  removed  below  this  point  when 
work  was  first  begun  in  the  higher  stages  of  water. 

There  was  still  sufficient  time  to  clear  the  remaining  portion  of  the  100-foot  channel 
and  to  build  the  dams,  thus  completing  the  work  at  this  point  the  present  season. 
Upon  the  above  date  orders  came  to  Captain  Kirtland,  in  command  of  the  escort,  to  go 
at  once  to  Cow  Island,  the  Nez  Perc^  having  crossed  there  a  few  days  before. 

Captain  Kirtland  was  depending  upon  my  boat«  for  the  transportation  of  his  com- 
mand, and  there  was  no  other  means  at  hand.  I  hesitated  as  to  whether  I  would  leave 
or  not.  He  informed  me  that  he  would  be  obliged  to  seize  such  of  my  boats  as  would 
be  required  by  his  command.  This  made  it  necessary  for  me  to  go  to  Cow  Island  or 
resist. 

I  was  thus  obliged  to  leave  the  work  at  Dauphin's  when  everything  seemed  pro- 
pitious for  its  completion  this  season. 

The  damage  thus  caused  to  the  river  improvement  and  to  the  interests  of  navigation 
was  very  great. 

Had  the  work  been  finished  at  Dauphin's  (this  being  the  worst  place  on  the  river), 
nearly  all  of  next  year's  freight  could  have  been  carried  through  to  Benton  by  river. 
As  it  now  is,  it  will  be  necessary  to  wait  for  low  water  for  the  completion  of  the  work, 
and  freight  taken  up  river  during  the  latter  part  of  the  season  wUl  have  to  be  unloaded 
below,  as  formerly,  and  hauled  overland. 

I  went  to  Cow  Island  the  28th  of  September.  Tlie  river  here  is  divided  by  two 
islands,  separated  by  a  narrow  chute.  About  two-thirds  of  the  water  passes  down  the 
main  channel  to  the  left.  From  the  conformation  of  the  river  and  its  nanks  the  main 
channel  should  be  along  the  right  bank.  This  channel  is  very  narrow,  and  in  places 
rocky  and  swift.  The  main  channel  to  the  left  is  obstructed  by  two  coarse  ffravel  ban 
and  by  a  few  rocks.  The  fall  for  a  distance  of  6,000  feet  is  at  the  rate  of  5.16  feet  per 
mile ;  the  rate  of  the  current  is  2.7  miles  per  hour.  The  improvements  proposed  were  to 
remove  the  rocks  in  the  main  channel  and  to  close  the  two  island  chutes  by  low  water 
dams.    Dams  to  be  of  bowlders. 
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The  rocks  were  removed  and  the  dani  at  the  upper  and  main  chute  was  completed 
Octoher  21,  when  work  was  suspended  for  the  season. 

The  cross-section  of  the  dam  ^mt  in  here  was  8  feet  to]j,  3  to  1  upper  slope,  1  to  1 
lower  slope.  There  were  710  cuhic  yards  of  rock  placed  in  the  dam.  The  working 
boat  and  outfit  were  taken  to  Carroll  for  safe-keeping.  The  boats  were  pulled  out  upon 
high  ground.  The  afternoon  of  the  25th  October  I  started  for  Bismarck  in  macki- 
naws.  I  was  able  to  make  from  50  to  75  miles  per  day,  arriving  at  Fort  Buford  Novem- 
ber 2.  Upou  the  night  of  the  4th  I  camped  at  the  mouth  of  the  White  Earth  River, 
205  miles  from  Bismarck. 

For  several  days  the  weather  had  been  cold.  At  11  p.  m.  the  slush-ice  commenced 
to  run,  and  by  daylight  the  river  was  filled  with  cakes  of  lar^^e  dimensions. 

I  started,  as  usual,  the  morning  of  the  5th,  and  floated  along  in  the  ice  till  noon,  when 
I  reaclie<l  Knife  River. 

The  weather  still  continued  cold.  The  ice  had  been  forming  fast  all  the  morning, 
and  I  did  not  consider  it  safe  to  run  on.  I  was  fortunate  in  finding  freight-teams,  and 
employed  them  to  take  my  camp-eauipage  to  Bismarck. 

I  reached  Bismarck  the  11th,  and  took  the  evening  train  for  Saint  Paul. 

The  Missouri  River  above  the  mouth  of  the  Yellowstone  for  a  distance  of  215  miles 
(32  miles  above  Fort  Peck)  bears  many  of  the  characteristics  of  the  lower  river.  There 
are  a  number  of  widespread  bars,  where  shifting  sands  make  an  uncertain  channel. 
They  do  not  become  impassable,  nor  do  they  damage  boats,  but  oft-en  cause  delays. 
From  this  point  to  Carroll,  120  miles,  the  river,  with  few  exceptions,  is  good.  In 
character  it  is  between  the  shifting  sand-bar  river  below  and  the  rocky  and  rapid  river 
above.  There  are  a  few  places  that  will  require  improvement.  These,  by  the  removal 
of  a  few  rocks  and  the  building  of  short  dams,  will  be  made  permanently  good.  From 
Carroll  to  Benton.  167  miles,  the  river  is  rapid,  channel  fizea,  banks  stable,  l>ottom  of 
gravel,  and  bowlders  of  frequent  occurrence. 

This  is  the  portion  of  the  river  that  requires  immediate  attention.  The  ba<l  places 
are  caused  either  by  gravel  bars  or  by  bowlders.  They  are  similar  in  character  to 
Dauphin's  Rapids  and  to  Cow  Island,  and  can  be  improved  in  the  same  way. 

A  complete  survey  of  the  river  from  Fort  Benton  to  Carroll  can  be  made  during  the 
months  of  August  and  September,  at  an  expense  not  to  exceed  |5,000.  This  would  be 
of  great  value  in  the  intelligible  improvement  of  the  river,  and  would  cost  but  little 
more  than  the  disconnected  surveys  which  must  be  made  at  all  points  improved  or 
examined. 

The  disconnected  surveys  have  to  be  made  by  laborers,  unskilled  in  the  work,  and 
must  often  detain  working  parties.  Were  this  survey  completed  and  the  improve- 
ments planned  for  the  ditrerent  points,  working  parties  could  commence  (where  only 
winff-<lam  improvements  are  needed)  a  mouth  earlier  than  they  other>vise'  can.  I 
would  respectfully  recommend  that  such  a  survey  should  be  made. 

With  this  report  I  submit  two  maps,  showing  the  river  at  Dauphin's  Rapids  and  at 
Cow  Island,  with  the  locations  of  the  proposed  wing-dam  improvements. 

I  wish  to  inform  you  of  the  courtesy  and  kindness  of  Capt.  T.  S.  Kirtland.    He  did 
everything  in  his  power  to  serve  the  interests  of  the  work. 
Very  respectfully,  your  obedient  servant, 

H.  E.  Stevens, 
Assistant  Engineer, 

Lieut.  Edward  Magvirb, 

Corps  of  Engineers,  U.  8.  A, 
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ANNUAL  REPORT  OF  MAJOR  F.  U.  FARQUHAR,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1878. 

United  States  Engineer  Office, 

Eock  Isktndj  J/L,  July  11, 1878. 
General  :  I  have  the  honor  to  transmit  herewith  my  annual  reports 
of  operations  at  the  several  works  under  my  charge  during  the  fiscal 
year  ending  June  30, 1878. 

I  am  under  great  obligations  to  Mr.  M.  Meigs,  United  States  civil  en- 
gineer, and  Messrs.  E.  F.  Hoffmann,  C.  W.  Durham,  and  J.  L.  Gillespie, 
assistant  engineers,  for  the  cordial,  intelligent,  and  faithful  service  they 
have  rendered  the  United  Sta-tes. 

Very  respectfully,  your  obedient  servant, 

F.  U.  Farquhar, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreyb, 

Chief  of  Engineers^  U.  8.  A. 


P  1. 

IMPROVEMENT  OF  UPPER  MISSISSIPPI  RIVER. 

Col.  J.  N.  Macomb,  Corps  of  Engineers,  was  in  charge  of  this  work 
until  November  15, 1877,  when  he  was  relieved  by  Maj.  F.  U.  Farquhar, 
Corps  of  Engineers.  The  work  accomplished  by  the  snag  and  dredge 
boat  Montana  is  as  follows : 

SUMMARY. 

Snags  extracted .' 94 

Trees  pulled  back 68 

Overhauginff  trees  removed 6,358 

Island  numbers  established 150 

t^hannel-marks  established 19 

Water-gautfes  established 2 

Bench-marks  established 45 

Number  of  scrapes  made 240 

Boats  assisted 18 

Miles  of  survey  lines.... 4J 

Number  of  soundings. * 9,830 

Number  of  localities  examined 15 

Miles  run 4,482 

The  boat  was  under  the  charge  of  C.  W.  Durham,  assistant  engineer, 
and  he  deserves  much  credit  for  the  amount  of  work  the  boat  accom- 
plished under  his  direction. 

During  the  past  winter  a  general  map  of  the  Mississippi  River,  in  26 
sheets,  from  the  Falls  of  Saint  Anthony  to  the  mouth  of  the  Illinois, 
was  reduced  from  all  the  means  of  information  in  the  oflftce,  for  the  pur- 
pose of  having  it  photo-lithographed  and  distributed  to  river  men  to 
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induce,  if  possible,  a  uniform  nomenclature  of  localities,  and  on  which 
might  be  shown  changes  as  determined  by  future  observations.  This 
map  is  in  no  sense  a  hydrographic  map,  as  the  principal  basis  of  it  is 
the  United  States  land  surveys. 

Duiing  the  latter  part  of  the  summer  and  fall  of  1877  occurred  the 
lowest  stage  of  water  between  Saint  Paul  and  Acton  since  1864. 

Under  instructions  from  Col.  J.  N.  Macomb  the  low-water  was  marked 
at  61  stations  and  referred  to  i>ermanent  bench-marks.  At  the  sarae 
time  soundings  were  made  on  the  principal  bars  and  crossings. 

Tlie  low-water  stage  was  about  9  inches  higher  than  tliat  of  1864. 

These  observations  and  a  careful  record  of  gauge-readings  during  the 
present  year  in  connection  with  surveys  propos^  to  be  made  will  add 
much  to  the  knowledge  necessary  for  a  proper  study  of  the  river  before 
a  complete  plan  for  its  improvement  can  be  made. 

The  steamer  Montana  is  worn  out,  and  is  so  water-logged  that  it  draws 
too  much  water  for  its  work*.  It  is  thought  that  a  new  wooden  hull  can 
be  built  and  the  machinery  from  the  present  hull  transferred  and  the 
Montana  operated  for  the  present  season  for  the  amount  <^  money  now 
available.  The  new  hull  should  be  a  litUe  wider,  and  should  not  be 
weighted  down  with  the  great  and  unnecessary  amount  of  upper  works 
now  on  the  Montana. 

Mr.  M.  Meigs,  United  States  civil  engineer,  ^as,  under  the  direction 
of  Col.  J.  N.  Macomb,  Corps  of  Engineers,  in  general  charge  of  the  im- 
provement of  the  Upper  Mississippi  and  the  special  works  of  improve- 
ment on  the  river,  except  Bock  Island  and  Des  Moines  Rapids.  A 
reconnaissance  of  the  Mississippi  River  between  the  mouth  of  the  Illinois 
River  and  Des  Moines  Rapids  was  made  and  some  of  the  worst  bars 
examined,  but  more  exact  surveys  must  be  made  before  plans  and  esti- 
mates can  be  made. 

In  this  report  the  i)ermanent  improvement  of  the  river  is  not  consid- 
ered, as  Congress  has  made  separate  appropriations  for  the  x>ermaneDt 
works,  and  under  that  head  separate  reports  will  be  made.  Until  the 
permanent  improvements  are  made  the  snag-boat  is  necessary,  and 
$30,000  should  be  appropriated  to  operate  it  for  the  fiscal  year  ending 
June  30, 1880. . 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVEMENT  OF  UPPER  MISSISSIPPI  RrVKR. 

By  act  approved  March  2,  1807 |96,000  00 

By  allotment  fiom  appropriation  of  July  25,  1868 26,000  00 

By  act  approved  Jnly  11.  1870 36,000  00 

By  act  approved  March  3,  1871 42,000  00 

By  act  approve<lJune  10,1872 42,00000 

By  act  approved  March  3,  1873 25,000  00. 

Bv  act  approved  Jnne  23,  1874 25,000  00 

By  act  approved  March  3,  1875 25,000  00 

By  act  approved  Angnst  14,  1876 30,000  00 

By  act  approved  June  18,  1878 41,500  00 

388,500  00 

Money  statement 

July  1,  1877,  amount  available 916,752  21 

Amount  appropriated  by  act  approved  June  18,  1878 41,500  00 

158,252  21 

July  1,  1878,  amount  expended  during  fiscal  year 14, 663  03 

July  1,  1878,  outstanding  liabilities 850  21 

15,513  24 

July  1,  1878,  amount  available 42,738  97 

Amount  that  can  be  profitably  expended  (operating  snag-boat)  in  fieoal 
year  ending  June  30,  1880 30,000  00 
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STATISTICS  OF  COMMERCE  AND  NAVIGATION. 

Lumber, 

The  most  important  business  interest  on  the  Upper  Mississippi  and  its  tributaries  is 
the  lumber  trade,  giving  employment  to  great  numbers  of  men  and  upward  of  100 
steamboats  which  are  now  used  in  guiding  and  propelling  rafts.  Between  the  mouth 
of  the  Chippewa  and  Saint  Louis  there  are  73  mills  on  the  main  river,  with  an  annual 
day  sawing  capacity  of  600,000,000  feet,  empjoving  12,000  men  and  representing 
$12,000,000  of  capital.  The  estimated  product  oi  white  pine  floated  into  the  Missis- 
sippi River  in  1877  is  750,000,000  feet,  mcluding  logs,  lumber,  shingles,  &c.:  in  1876, 
1,350,000,000  feet.  The  amount  of  logs  run  into  the  Mississippi  from  the  Samt  Croix, 
Chippewa,  and  Black  Rivers,  in  1877,  was  about  305,000,000  feet ;  in  1876, 515,000,000  feet. 

The  great  falling  off  in  the  quantity  of  logs  and  lu^iber  received  from  the  tributaries 
and  in  the  manufactures  of  the  various  milfe  during  the  season  of  1877,  as  shown  in  the 
above  statements  and  the  following  tables,  is  due  partly  to  the  low  water  in  the  Black, 
Chippewa,  and  Saint  Croix,  which  caused  the  drives  to  come  slowly  and  which  left  at 
the  close  of  the  season  a  large  percentage  of  the  logs  hung  up,  and  partly  to  the  ex- 
treme low  water  in  the  Mississippi  during  the  rafting  season  and  the  consequent  diffi- 
culties of  navigation  impeding  tne  transportation  of  logs  to  their  destinations  at  the 
various  mills  on  the  main  river  between  the  mouth  of  the  Saint  Croix  and  Saint  Louis. 

The  following  table  shows  the  amount  of  lumber  manufactured  on  the  Upper  Missis- 
sippi and  tributaries  and  the  amount  on  hand  at  close  of  season  in  1877, 1876,  and  1875. 

I  omit  the  product  of  the  Wisconsin  River  in  this  statement,  inasmuch  as  nearly  all 
the  lumber  made  on  that  river  is  shipped  by  rail,  aud  not  coming  into  the  Mississippi 
need  not  be  considered  in  this  connection  as  not  bearing  upon  the  question  of  improv- 
ing the  navigation  of  that  river. 

Most  of  the  figures  were  obtained  from  the  Northwestern  Lumberman,  pubhshed  at 
Chicago,  111. 

Table  showing  lumber  business  of  Upper  Mississippi  and  iributarieSj  for  1877,  1876,  and  1875.  • 


Names,  localities,  Sui. 


Lumber  manufactared. 


1877. 


1878. 


1875. 


Lumber  on  hand  at  close  of  season. 


1877. 


187& 


1875. 


Fkmham  &  Lorejoy,  O.  G. 
Merriman  &.  Co.,  W.  D. 
TVashbum,  and  18  other 
flrms  at  Minneapolis  and 

JjSrd,  Norton  &  Co.,  W.  & 
J.  Fleming,  Youmans 
Brothers,  and  14  other 
firms  between  Minneapolis 
and  Dubiiqne 

Ingram,  Kennedy  &  Day, 
Dubnqne  Lumber  Com- 
pany, and  3  other  flimB  at 
Dubuque 

W.  J.  Young  Sc  Co.,  C.  Lamb 
Sc  Sons,  Lamb  Byng 
Company,  and  9  other 
flrms  at  Clinton,  Lyons, 
and  Fulton 

Weyerhaeuser&Denkmaon, 
Benwiclc  Shaw  &.  Crosset, 

.  and  10  otner  firms  at  Bock 
Island,  Davenport,  and 
Moline 

Hershey  Lumber  Company, 
P.  M.  Musser  &.  Co.,  S.  &,  J. 
C.  Atlee,  and  9  other  firms 
below  Dftvenport 

Schulenberg.  Boeckler  Sc  Co. , 
Hersev,  Bean  &,  Brown, 
and  10  other  flrms  on  the 
Saint  Croix 

Eau  Claire  Lumber  Com- 
pany, Union  Lumber  Com- 
pany, Daniel  Shaw  &  Co., 
and  17  other  firms  on  the 
Chippewa 

La  Crosse  Lumber  Com- 
pany, C.  S.  Coleman,  John 
Paul,  and  10  other  firms  on 
the  Black 


Feet 

140, 874, 084 

62,305,000 
21, 250, 000 

80, 903, 275 

80, 665, 185 
68, 351, 880 
53, 341, 030 

157, 046, 678 
49,250,000 


Feet 
203,750,000 

72, 600, 000 
20, 400, 000 

123, 717, 000 

104,350,000 
91, 400, 000 
66,793,000 

255, 866, 999 
70, 852, 747 


FeeL 
161,469,000 

70, 700, 000 
14, 000, 000 

122, 018, 000 

74, 550, 000 
87, 375, 000 
75, 520, 000 

264, 077, 000 
62,000,000 


Feet. 


60, 423, 348 


31, 830, 000 


10, 850, 000 


35, 783, 005 


83, 150, 000 


25, 773, 030 


7,450,000 


2, 150, 000 


19. 950. 000 


FeeL 
98,860,000 

47, 515, 000 
16, 750, 000 

60,200,000 

52, 500, 000 
46, 760, 000 
26, 700, 000 

18^  200, 000 
23, 200, 000 


Feet 
80, 582, 000 

43, 106, 000 
6,500,000 

51,850,000 

83,440,000 
83,345,000 
23, 970, 000 

26, 975, 000 
17, 750, 000 


Total    for  Mississippi  and 
tributaries  (124  firms) 


708, 977, 132 


1,009,729,746  931,709,000 


227, 359, 383 


389, 685, 000 


317, 518, 000 


XoTB.— The  total  day-sawing  capacity  of  the  mills  of  the  firms  above  mentioned  is  1,268,600,000  feet  of 

lumber  per  r 

45  E 
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In  order  to  show  the  entire  lumber  business  of  the  Upper  Mississippi  Valley  for  the 
past  three  seasons,  I  give  the  foUoYring : 

Summary, 


LocaUty.                  , 

Lumber  manu&ctiired. 

187T. 

1876. 

1875. 

Main  river 

Feet. 
456, 840, 424 

53, 341, 030 
167,046,678 

49, 250, 000 
143, 523,  000 

Feet 
629,967,000 

66,793,000 
255,866,999 

70, 852, 747 
164,700,000 

FeeL 

655,397,000 
75, 620, 000 

Saint  Croix 

ChinDewa 

264,077,000 

bScT^:::::::::. ::::::::::. .:::::::;::::::..: ::;. 

62,000.000 

Wiaoonsin 

118, 000, 000 

Aggregate 

860, 001, 132 

1, 178, 179, 146 

1, 074, 994, 000 

BeoevpU  at  Saint  Louis  from  Upper  Mississippi  Biver, 


1877. 


1876. 


White-pine  lumber  and  loga feet.. 

Shingles pieces.. 

Laths pieces.. 

Pickets... pieces.. 


163, 304, 150 
64, 919, 000 
15,973,200 


165,889,703 

69.981,000 

15,380,750 

6,803,000 


STEAMBOATS  AKD  FBEIGHT. 


The  princinal  steamboat-lines  on  the  Upper  Mississippi,  above  Saint  Louis,  are  the 
Keokuk  Northern  line,  and  the  Diamond  Jo.  line.  Besides  these  there  are  numerous 
lndex>endent  boats  carrying  freight  and  passengers.  I  submit  below  a  statement  of  the 
two  principal  lines  above  mentioned;  or  the  amount  of  freight,  including  coal,  ice,  &c., 
earned  by  the  independent  boats,  I  have  insufficient  data  to  make  a  reuable  estimate, 
although  the  amount  was  very  large,  probably  about  one-third  as  much  as  the  two 
main  lines  combined. 

Statement  of  the  two  priwnpal  steamboat  lines j  Upper  Mississippi  Biver, 


Xame. 

1877. 

1876. 

Freight 

Passengers. 

Freight 

Passengers. 

Keokuk  N.  L.  Co 

2Vw. 
204,098 
76,000 

84,981 
18,365 

T(m8. 
258,244 
98,676 

Diamond  Jo ...r„., r -t.t 

6,834 

Total 

279,098 

103.346 

351,920 

Statement  of  amount  of  freight  received  at  and  shipped  from  Saint  Louis  hy  the  Upper  Mis- 

sissippi  Biver  for  six  years. 


1877. 

1876. 

1875. 

1874. 

1873. 

1872. 

Seoeived 

Tons. 
136, 715 
68.565 

2Vm#. 
224,860 
93,360 

Tons. 
198,100 
96,225 

Tons.     . 
231,060 
95,800 

Tons. 
281,175 
61,966 

Tons. 
242,584 
55,235 

ShlDPed 

Total  carried 

205,280 

318,220 

294,825 

826,860 

343,141 

287,819 
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Tahle  showing  the  aggregate  receipts  at  Saint  Louie  from  the  Upper  Mieeissippi  Biver  in  1877. 


Articles. 


Designatioo. 


Quantity. 


Aitioles. 


Deaignation. 


Qoantity. 


Apples 

Bariey 

Barley 

Beans 

Bran 

Butter 

Cattle 

Cement 

Cheese 

Cooperage 

Cooperage 

Cooperage 

Coo]>erage 

Cooperage 

Cooperage 

Com 

Corn-meal 

Dried  fruit 

M?.:::;:;::::::: 

Flour 

Grease 

Hay 

Horses  and  mules 

Hemp 

Hides 

Hogs 

Hops 


Barrels  .. 
Sacks.... 
Bushels. . 
Sacks.... 

Sacks 

Packages . . . 
Head.... 
Barrels  .. 
Boxes.... 

Flour 

Pork 

Whisky. . 
Lard,  tierces 
Lard,  kegs.. 
Meat,  casks 

Sacks 

Barrels 

Packages . . 
Packages . . . 
Packages 
Barrels  . . 
Barrels  .. 

Bales 

Head 

Bales 

Pounds . . 
Head.... 
Bales.... 


27,944 

06,490 

11,726 

156 

1.847 

8,463 

10,474 

2,721 

1,835 

2,246 

8,945 

612 

22,996 

746 

6,321 

102,733 

4,671 

837 

1,792 

1,480 

88,279 

672 

60,157 

3,321 

481 

896,064 

25,664 


Iron  and  steel 

Lard 

Leather 

Malt 

Merchimdise  and  sundries 

Oats 

OiU 

Onions 

Peltries 

Pork 

Pork  (hams) 

Pork  (moats) 

Potatoes 

Rye 

Railroad  iron 

Seeds 

Sheep 

Sugar 

TaBow 

Tallow 

Tar  and  pitch 

Tobacco 

Tobacco 

Wheat 

Wheat 

Wines  and  liquors  .... 
Wines  and  liquors .... 
Wool 


Tons 

Pounds 

Rolls 

Sacks 

Packages . . . 

Sacks 

Barrels 

Packages . . . 
Packages . . . 

Barrels 

Pounds 

Pounds 

Paclcages . . . 

Sacks 

Tons 

Sacks 

Head 

Barrels 

Barrels 

Packages . . . 

Barrels 

Hogsheads.. 
Packages ... 

Sacks!^. 

Bushels 

Barrels 

Boxes 

Pounds 


2,096 

015, 305 

1,043 

200 

136,909 

162,776 

1,765 

12, 416 

3  480 

9,356 

218,820 

2,722,248 

34,972 

4,618 

210 

8,296 

9,222 

155 

1,036 

28 

176 

1,602 

81,683 

175,589 

11,763 

755 

324 

291,730 


The  following  table  affordB  a  comparative  view  of  the  relative  amonnt  of  naviga- 
tion at  varioos  localities  on  the  Upper  Missifisippi  for  the  last  three  seasonB: 

Statement  of  steamers,  targes,  and  rafts  passing  various  "bridges. 


Locality  of  bridge. 

Steamboats. 

Barges. 

Rafts. 

1875.    1 

1876. 

1877. 

1876. 

1876. 

1877. 

1875. 

1876. 

1877. 

I^buque 

2,771 
2,471 
1,830 
1,412 
1,347 

2.647 
2,925 
1,976 
1,820 
1,600 
2,320 
1,863 
1,793 

1,801 
2,174 
1,560 
1,139 
1,294 

776 
600 
630 
495 
704 

1,339 
455 
696 
806 
944 
650 
739 
638 

816 
633 
790 
431 
572 

1,136 

030 

618 

*164 

(t) 

1,090 
*261 
627 
•209 
(t) 
283 
183 
150 

642 

rninftftn , , , 

*352 

Rock  Isbmd 

413 

Burlington 

■     *165 

Keokuk 

(t) 

Quincy 

lA'ltTITIlllAl 

1,370 
1,496 

1,467 
1,331 

447 
412 

585 
425 

168 
109 

181 

106 

*  Partial  record. 


tXo  record  of  rafts. 


LIST.  OF  STEAMBOAT  DISASTERS  AND  ACCIDENTS  IN  THE  UPPER  MISSISSIPPI,  BETWEEN 
SAINT  PAUL  AND  THE  MOUTH  OF  THE  ILLINOIS  RIVER,  FOR  THE  SEASON  OF  1877. 

June  30. — Redwing  huist  a  steam-pipe  at  Dallas^  111. ;  3  lives  lost. 

July  14. — ^Minneapolis  and  Dispatch  collided  below  Savanna,  sinking  the  latter; 
raised. 

July  17. — Alex.  Mitchell  sunk  near  Oquawka,  HI.,  by  striking  a  snag;  raised. 

July  17. — Petrel  sunk  on  Des  Moines  rapids. 

July  20. — ^Damsel  sprung  a  leak  and  sunk. 

September  1. — ^Lion  struck  a  snag  at  Beef  Slough  and  sunk;  raised. 

October  24. — ^Wyman  X  struck  a  snag  near  Fort  Madison ;  boat  total  loss ;  valued 
at  96,000. 

November  7.— Minnie  Will  sunk  near  New  Boston ;  boat  total  loss :  valued  at  $3^000. 

November  8. — Alex.  Mitchell  struck  a  snag  and  sunk  at  mouth  of  Des  Moines  River; 
cargo  damaged ;  raised. 

CUSTOMS,  REVENUE,  A2«>  TONNAGE. 

That  portion  of  the  Mississippi  between  Saint  Paul  and  the  month  of  the  Dlinois 
River  lies  partly  in  the  customs  district  of  Minnesota  and  partly  in  the  customs  district 
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of  New  Orleans.    Surveyors  of  cnstoms  are  located  at  Burlington  and  Dubaqne,  Iowa 
Galena^  III. ;  Saint  Paul,  Minn.,  and  La  Crosse,  Wis. 

I  give  also  in  the  following  statement  the  total  exhibit  of  the  port  of  Saint  Louifl, 
where  the  greater  portion  or  the  Upper  Mississippi  boats  are  registered,  and  which  in- 
cludes many  of  the  Lower  Mississippi,  Missouri,  and  Illinois  River  boats. 

Customs f  revenue  J  and  townage  for  fiscal  year  endi'ng  June  30,  1877. 


Port 


CoUections.       ^^JSlS'" 


BemarkB. 


Saint Lonis,  Mo.. 
Barlington,  Iowa 
Ihibaque,  Iowa . . 
La  Croaae,  Wis  . . 

Galena,  HI 

Saint  Paul,  Minn. 


$1,422,642  03 

230  00 

803  24 

2,000  54 

6,031  70 

7,440  68 


145, 484. 87 
737.88 
3, 223. 26 
3, 059. 21 
0, 541. 45 
2, 703. 63 


404  vessels. 
11  vessels. 
38  vessels. 
36  vessels. 
65  vessels. 
36  vessels. 


INTERNAI.  REVENUE. 

There  are  10  internal-revenue  districta  bordering  on  the  Mississippi  River  between 
Saint  Paul  and  the  mouth  of  the  Illinois  River.  Each  of  these  districts  is  composed  of 
a  large  number  of  counties,  the  greater  portion  of  which  do  not  touch  the  river,  but 
the  bulk  of  the  business  receipts  and  revenue  to  the  government  comes  from  the  sections 
bordering  upon  the  river  and  tributary  to  its  navigation  and  commerce. 

I  give  below  a  table  showing  the  desi^ation  of  the  districts  touching  the  river  be- 
tween the  points  above  named,  the  resiaeuce  of  the  collector,  and  the  amount  of  col- 
lections for  the  fiscal  year  ending  June  30,  1877. 


District 


Besidence  of  collector. 


II 

o  a 


First  Minnesota... 
Second  Minnesota . 
Second  Wisconsin . 
Sixth  Wisconsin... 

Second  Iowa 

Third  Iowa 

Fourth  Jowa 

Third  Illinois 

Fourth  Illinois 

Fourth  Missouri . . . 


Aggregate  . 


Rochester 

Saint  Paul 

Madison 

Sparta 

Davenport 

Dubuque  

Burlinji^ton 

Mount  CarroU . 


Quincv 
£oui8ia 


luisiana. 


$84,777  07 
154, 6M  63 
138,837  37 
88,965  83 
177,834  77 
279,720  02 
199,766  93 
038, 352  74 
389,206  49 
293,729  61 


3, 845, 975  48 


Pa. 

IMPEOVEMENT  OF  ROCK  ISLAND  RAPIDS,  MISSISSIPPI  RIVER. 

Col.  J.  N.  Macomb,  Corps  of  Engineers,  was  in  charge  of  this  work 
November  15, 1877,  when  he  was  relieved  by  Maj.  F.  U.  Farquhar,  Corps 
of  Engineers. 

One  thousand  and  fifty-two  cubic  yards  of  rock  were  chiseled  at  the 
foot  of  Moline  Chain,  leaving  1,207  cubic  yards  still  to  be  chiseled  and 
2,505  cubic  yards  to  be  dredged.  The  work  was  done  by  means  of  a 
chisel-boat  hired  by  the  month  and  manned  by  hired  labor. 

The  report  of  Mr.  E.  F.  Hoffmann,  assistant  engineer,  is  hereto  appended, 
which  gives  all  the  details  of  the  season's  work. 

During  the  fiscal  year  ending  June  30,  1879,  it  is  proposed:  1st,  to 
finish  tlie  work  at  Moline  Chain;  2d,  to  remove  a  small  patch  of  rock, 
containing  350  cubic  yards,  from  the  narrow  Cabin  Passage  on  the  Saint 
Louis  Chain ;  and  3d,  to  make  in  the  autumn  a  careful  survey  of  the 
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rapids,  using  the  Hof&nann  sounding-machine  and  rake  to  determine  if 
any  loose  rock  or  bowlders  have  been  brought  into  the  improved  chan- 
nels by  ice. 

The  sum  of  $20,000  should  be  appropriated  for  the  fiscal  year  ending 
June  30, 1880,  for  constructing  a  system  o'f  channel-marks  and  cleaning  the 
improved  channels  of  any  loose  rock  or  bowlders  that  may  be  found  in 
them  by  the  proposed  survey.    This  will  finally  complete  this  work. 

Money  statement 

July  1,  1877,  amount  available $14, 702  87 

Amount  appropriated  by  act  approved  June  18,  1878 30, 000  00 

$44,762  87 

July  1,  1878,  amount  expended  during  fiscal  year 11, 505  00 

July  1,  1878,  outstanding  liabilities 406  50 

11,911  50 


July  1, 1878,  amount  available 32,851  37 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .    20, 000  00 


BEPORT  OF  MR.  E.   F.   HOFFMANN,  ASSISTANT  ENGINEER. 

IJNrrED  States  Engineer  Office, 

Bock  Islandy  III,  June  30,  1878. 

Major:  I  have  the  honor  to  submit  my  annual  report  of  operations  for  the  ^'im- 
provement of  the  Rock  Island  Rapids  of  the  Mississippi  River''  during  the  fiscal  year 
ending  June  30,  1878. 

In  my  last  annual  report  the  excavation  of  143.3  cubic  yards  of  rock  at  the  foot  of 
Moline  Chain  was  given  for 'the  month  of  June,  1877.  The  chisel-boat,  with  a  picked 
crew,  worked  until  November  30,  with  very  good  results. 

July,  1877,  exhibited  238  cubic  vards  of  rock  broken ;  August,  1877,  exhibited  204 
cubic  yards;  September,  1877,  exnibited  224  cubic  yards;  October,  1877,  exhibited 
213  cubic  yards ;  November,  1877,  exhibited  173  cubic  yards ;  total,  1,052  cubic  yards. 

Of  the  whole  amount  of  2^5  cubic  yards  to  be  broken  at  Moline  Chain,  there  have 
already  been  disposed  of  1,298  cubic  yards,  so  that  1,207  cubic  yards  remain  to  be 
worked  during  the  fiscal  year  ending  June  30,  1879.  The  exhibit  of  work  done  by  the 
chisel-boat  is  a  very  favorable  one.  Experience  has  shown  that  the  breaking  of  rock 
by  the  chisel-boat  on  the  different  formations  of  limestone  varied  in,  daily  amount  firom  ' 
5.5  cubic  yards  to  10.4.  In  but  one  instance,  at  Sycamore  Chain^  where  the  rocky  bot- 
tom of  the  river  consists  of  soft  magnesian  limestone,  the  breaking  of  rock  reached  as 
hi^h  as  14  cubic  vards  for  a  few  days.  During  the  present  season  9.2  cubic  yards  were 
daily  disposed  of  by  the  chisel,  a  result  which  can  oe  called  a  good  one^  inasmuch  as 
the  rock  at  the  foot  of  Moline  Chain  is  a  very  hard  white  limestone,  mixed  with  sili- 
cate. 

As  there  have  been  removed  1,195,  or,  in  round  numbers,  1,200  cubic  yards  by  the 
chisel-boat  during  the  months  June  to  November,  1877,  inclusive,  and  as  the  data  ob- 
tained from  the  office  exhibit  a  disbursement  of  about  $9,500  during  that  time,  I  am 
able  to  submit  a  comparison  between  the  system  of  doing  the  work  at  Moline  Chain 
by  hired  labor  and  machinery  and  by  the  system  of  inviting  bids  and  letting  the  work 
to  the  lowest  bidder.  It  may  be  stated  in  advance  that  bids  for  similar  work  on  other 
less  dangerous  chains  have  at  different  times  reached  the  high  prices  of  $18.20  and  $24 
per  cubic  yard,  and  at  the  Moline  Chain  therefore  an  assumed  price  of  $20  per  cubic 
yard  is  not  taken  at  random  in  the  within  table  of  comparison. 

Apart  from  the  economy  of  doing  the  work  by  hired  Ihbor  and  machinery,  as  seen  by 
the  table,  it  may  be  stated  that  tie  quality  of  work  done  by  this  system  is  superior. 
Contractors  are  anxious  to  push  the  work,  and,  notwithstanding]  the  strictest  surveil- 
lance, pieces  of  rock  remain  unbroken  and  cause  serious  trouble  at  times. 

In  the  system  of  hired  labor  the  thorough  execution  of  the  work  is  paramount. 
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Table  exkHnUng  a  oampariwn  between  the  cost  of  excavaUng  rock  at  MoUne  Cluxin  fty  hired 

labor  and  by  contract 


Contniot  work. 

Hired  labor  and  machinery. 

1,200  cable  yards,  at  assumed  price  of 
$20  per  yard 

$24,000 
3,900 

1,200  cnbic  yards,  indading  engineering 
and  contingencies 

$9,500 

Add  6  months'  exi>eusos  for  engineering 
and  contingencies,  at  $650  per  month. . 

Add  40  days' hire  of  dredge,  at  $100  per 
dav -,.,.-- 

4,000 

Price  per  cnbio  yard,  $11.25. 

27,900 

13.500 

Price  per  cubic  yard,  $23.25. 

The  work  of  the  chisel-boat  at  the  foot  of  Moline  Chain  was  often  interfered  with 
by  passing  steamers  and  rails. 

The  narrowness  of  the  channel  between  the  rock  patches  to  be  worked  at  and  the 
margin  of  the  channel  made  it  necessary  to  raise  the  side  anchors  and  swing  out  of 
the  way.  There  were  two  collisions  between  rafts  and  the  chisel-boat,  one  in  July 
and  one  in  September.  In  both  cases  the  chisel-boat  was  carried  downstream  one- 
half  mile,  but  no  loss  of  life  or  other  than  small  damage  to  rope  was  experienced.  I 
take  pleasure  at  this  point  to  recommend  Mr.  C.  H.  Benck,  assistant  engineer,  to  your 
favorable  consideration,  as  well  as  the  men  constituting  the  crew  of  the  chisel-boat. 
The  faithful  services  of  Mr.  Benck^  who  superintended  the  operations  of  the  chisel- 
boat,  deserve  honorable  mention,  as  by  his  care  and  foresight  disastrous  accidents 
have  been  avoided.  I  inclose  a  sketch  in  relation  to  the  work  of  the  chisel-boat  at 
the  foot  of  Moline  Chain,  which  explains  itself. 

In  the  office  the  following  maps  were  drawn :  28  maps  representing  the  different 
chaiils  of  the  rapids  before  and  after  improvement  were  reduced  firom  the*  large  hydro- 
graphic  sheets  of  the  rapids  survey ;  1  map  representing  on  a  reduced  scale  the  rapids 
S:om  the  head  to  the  foot  before  and  after  improvement :  3  maps  showing  the  pit  of 
coffer-dams  at  Moline  and  Smith's  Chains  and  the  method  of  subaqueous  blasting  by 
the  use  of  tripods;  1  map  exhibiting  a  longitudinal  section  through  the  natural 
channel,  and  through  the  different  cuts  at  the  chains  from  the  head  to  the  foot  of  the 
rapids ;  7  maps  showing  cross-sections  at  the  7  different  chains ;  1  map  containing 
levels  of  surface  of  water  at  low-water  of  1864  and  high-water  of  1870 ;  1  map  exhibit- 
ing the  method  of  sounding  during  the  early  years  of  the  improvement. 

The  above  enumerated  maps  are  drawn  in  India  ink  for  the  purpose  of  being  later 
multiplied  by  photolithographic  process  to  serve  for  illustrating  the  proposed  history 
of  the  improvement.  Material  has  been  collected  from  the  records  of  the  office  and 
the  history  begun.    Fair  progress  has  been  made  in  this  work. 

Besides  these  maps,  numerous  other  maps  and  copies  of  maps  have  been  made  or  re- 
duced and  drawn. 

Considerable  time  was  devoted  to  the  collation  and  preparation  of  additional  evi- 
dence from  the  office  records  for  use  in  the  case  of  C.  6.  Case  &  Co.  vs.  The  United 
States,  now  pending  in  the  Supreme  Court.  tf^ 

Very  respectrally,  your  most  obedient  servant, 


E.  F.  Hoffmann, 


Mqj.  F.  U.  Farquhar, 

Cotye  of  Engineers,  U,  S.  A, 


Assistant  Engineer. 


P3. 

PROTECTING  PIERS  AT  ROCK   ISLAND   BRIDGE  BY   MEANS    OF  SHEER- 
BOOMS. 

This  work  was  under  the  charge  of  Col.  J.  N.  Macomb,  Corps  of  En- 
gineers, until  I^ovember  15, 1877,  when  he  was  relieved  by  Maj.  F.  U. 
Farquhar,  Corps  of  Engineers. 

Under  a  contract  made  with  the  Eau  Claire  Lumber  Company  (a  part 
proprietor  of  the  Pond  sheer-boom),  two  booms  were  constructed,  one 
750  feet  in  length,  which  was  famished  with  rudders  to  work  it,  called  a 
Pond  sheer-boom,  and  one  without  rudders,  400  feet  in  length. 
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The  booms  should  have  been  in  place  last  fall,  but  the  very  low  stage 
of  water  in  the  Chippewa  Eiver  prevented  the  booms  from  being  floated 
down  from  Eau  Claire,  where  they  were  built. 

The  booms  arrived  at  the  bridge  on  the  19th  of  May,  but  it  was  not 
until  June  25  that  everything  was  in  working  order. 

There  has  not  yet  tune  enough  elapsed  to  fairly  test  the  value  of  the 
rudder-boom,  but  from  the  few  experiments  made  it  gives  promise  of 
being  a  very  useful  appendage  to  the  bridge. 

The  accompanying  (frawing  shows  the  details  of  the  construction.  The 
sheer-boom  without  rudders  is  in  every  other  respect  like  the  one  fur- 
nished with  them.  The  cut-water  at  the  head  of  tiie  boom  was  put  on 
after  the  boom  was  in  place,  as  the  square  end  of  the  boom  would  be 
destroyed  if  struck  by  a  raft  without  it. 

On  Fig.  H  is  shown  the  location  of  the  booms.  Fig.  P  shows  the  rud- 
der-boom in  plan.  Fig.  E  is  a  rear  elevation,  Fig.  D  a  front  elevation, 
and  Fig.  C  a  plan  of  the  boom  without  rudders.  Figs.  A,  B  are  sections 
of  the  same.  Fig.  I  shows  one  of  the  anchoring-bolts,  of  which  there  are 
two.  Fig.  G  shows  the  cut- water  at  head  of  rudder-boom  and  the  pon- 
ton. This  latter  is  generally  full  of  water,  but  it  can  be  pumped  out 
when  at  high  stages  of  water  there  is  a  great  strain  on  the  anchoring- 
chains,  which  might  pull  the  head  of  the  boom  under. 

The  rudder-boom  is  furnished  with  44  rudders,  16  feet  apart,  and  oper- 
ated by  wire  rope  and  9  crabs.  This  enables  one  man  to  operate  the 
boom  with  great  ease.  The  rudder-boom  is  anchored  to  the  bolts  by 
means  of  a  1-inch  iron  chain,  420  feet  long,  which  passes  from  one 
anchor-bolt  up  to  and  through  an  iron  hawse-pipe  on  the  head  of  the 
boom,  and  then  passes  around  two  iron  bolts  at  the  second  stanchion, 
thence  back  through  another  hawse-pipe  to  the  other  anchor-bolt. 

The  other  boom,  which  hangs  against  the  rocky  shore  of  the  island 
just  above  the  south  abutment,  is  attached  to  a  crib  which  is  furnished 
with  a  cut-water. 

All  the  lumber  of  which  the  booms  are  constructed  is  pine,  except  the 
rudders,  which  are  of  oak. 

The  rudders  are  20  feet  long,  3  feet  wide,  and  tapering  in  thickness 
from  3  inches  at  the  hinge  to  IJ  inches  at  the  outer  end. 

Money  statement 

JtQy  1,  1877,  amonnt  avaUable $15,000  00 

July  1,  1878,  amount  expended  during  fiscal  year $11,  453  58 

Julyl,  1878,  outstanding  liabilities 264  37 

11,717  95 

Julyl,  1878,  amount  available 3,282  05 


P4. 

IMPROVEMENT  OF  HARBOR  AT  FORT  MADISON,  IOWA. 

In  charge  of  Col.  J.  K.  Macomb,  Corps  of  Engineers,  until  November 
15, 1877^hen  he  was  relieved  by  Maj.  F.  XJ.  Farquhar^  Corps  of  Engi- 
neers. The  work  on  this  improvement  consisted  in  closmg  Niota  Chute, 
opposite  Fort  Madison,  which  diverted  about  two-fifths  of  the  water 
from  the  main  channel.  The  plan  of  construction  was  the  same  as  at 
Eush  Chute. 

The  dam  was  located  near  the  head  of  Island  392,  and  was  plaoed  as 
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near  as  might  be  at  right  angles  to  the  thread  of  the  current.  At  the 
close  of  the  season's  work,  October  2, 1877',  the  dam  was  in  most  places 
1  foot  above  low-water. 

Amount  of  rock 3, 266  yards. 

Amount  of  brush  .... 3, 853  yards. 

Total  in  dam « 7,119yardB. 

Linear  feet  of  dam ; 1, 100 

Average  cost  of  dam  and  shore  protections,  $1.27  per  yard. 
Average  cost  of  dam  proper,  $1.16  per  yard. 

To  the  local  inspector,  Mr.  E.  P.  Lowe,  much  credit  is  due  for  skilMil 
management  of  the  work. 

It  is  proposed  during  the  present  season,  with  the  ftinds  available,  to 
finish  the  dam  and  shore  protections,  for  which  about  2,500  cubic  yards 
of  rock  win  be  required.  Further  examinations  will  be  necessary  in 
order  to  project  such  additional  work  as  may  be  needed. 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVIKG  HARBOR  OF  FORT  MADISON,  IOWA. 

By  act  approved  Augnst  14,  1876 |10,000  00 

By  act  approved  June  18,  1878 8,000  00 

Total .       18,000  00 

Original  estimate  for  existing  project 30,186  87 

Bemaiuing  to  be  appropriated 12,186  87 

The  work  was  done  by  hired  labor  and  the  stone  bought  by  contract.  Abstract  of 
proposals  are  herewith  attached. 

Money  statement 

July  1,  1877,  amount  available |9,636  57 

Amount  appropriated  by  act  approved  June  18,  1878 8,000  00 

$17,636  57 

July  1,  1878,  amount  expended  during  fiscal  year ^...    9, 341  83 

July  1,  1878,  outstanding  liabilities 257  75 

9,599  58 

July  1,  1878,  amount  available 8,036  99 

Amount  (estimated)  reauired  for  completion  of  existing  project 12, 186  87 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .       12, 186  87 
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Ps. 

IMPROVEMENT  OF  RUSH  CHUTE  AND  HARBOR  AT  BURLINGTON,  IOWA 

Col.  J.  N.  Macomb,  Corps  of  Engineers,  was  in  charge  until  [November 
15, 1877^hen  he  was  relieved  by  Maj.  F.  U.  Farquhar,  Corps  of  Engi- 
neers. The  work  on  this  improvement  consisted  in  bnilding  a  dam 
between  Eush  Island  (So.  374)  and  Otter  Island  C^o.  373)  for  forcing 
more  water  into  the  regular  channel  through  Rush  Chute.  The  location 
of  the  dam  was  near  the  head  of  Rush  Island  and  nearly  at  right  angles 
to  the  current. 

The  foundation  and  apron  is  of  brush,  made  into  fascines  1  foot  thick 
and  12  feet  long,  the  body  of  the  dam  being  of  loose  rock.  The  head  of 
Rush  Island  was  protected  by  riprap,  and  the  same  shore  protection, 
with  a  layer  of  fascines  at  the  toe  of  the  slope,  extended  100  feet  belov 
the  axis  of  the  dam  on  Rush  Island.  At  the  Otter  Island  end  the  bank 
was  riprapped  50  feet  above  and  100  feet  below  the  axis  of  the  dam. 

All  the  work  was  done  by  hired  labor,  except  the  furnishing  of  tlie 
rock,  which  was  bought  by  contract. 

At  the  close  of  operations^  October  27, 1877,  the  dam  averaged  5  feet 
in  height  clear  across,  bringmg  it  up  to  grade  in  some  places  and  in 
others  leaving  a  height  of  7  feet  to  be  completed.  The  brus\founda- 
tion  and  apron  were  complete. 

CnbioyaidBi 

Rock  in  place 1,463.8 

Brush 3,285.5 

Total 4,749.3 

The  local  inspector,  Mr.  P.  S.  Eastman,  deserves  credit  for  energetic 
and  fiaithful  performance  of  his  duties. 

It  is  proposed  during  the  present  season,  with  the  available  fdnds,  to 
finish  the  dam  at  the  head  of  Rush  Chute. 

Some  other  work  may  be  necessary  below  the  head  of  Bush  Chute, 
but  an  examination  must  be  made  before  the  work  is  commenced. 
Some  2,839  cubic  yards  of  rock  will  be  needed  to  finish  the  dam. 

ABSTRACT  OF  APPROPBIATIONS  MADE  FOR  IMPROVEMENT  OF  RUSH  CHUTE  AND  HARBOB 

OF  BURLINGTON,  IOWA. 

By  act  approved  August  14,  1876 |10,000  00 

By  act  approved  June  18,  1878 10,000  00 

Total 20,000  00 

Original  estimate  for  existing  project 35,221  70 

Hemaining  to  be  appropriate 15,221  70 

Money  statement 

July  1,  1877,  amount  available $9,927  79 

Amount  appropriated  by  act  approved  June  18,  1878 10,000  00 

$19,927  79 

July  1,  1878,  amount  expended  during  fiscal  year 9, 793  78 

July  1,  1878,  outstanding  liabilities 100  00 

9,893  78 

July  1,  1878,  amount  available 10,034  01 

Amount  (estimated)  required  for  completion  of  existing  project 15, 221  70 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jiine  30, 1880 . .      15, 221  70 
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COMMERCIAL  STATISTICS. 

Biver  commerce  at  Burlington,  Iowa,  for  1877. 


Dedgnatioii. 


Qnantity. 


Value. 


Lumber . 
Shingles  . 
Lath. 


.feet.. 


Bash,  doors,  Sec 

Wood 

Coal 

Brick 

Sand 

Merchandise  of  yarions  kinds. 

Total 


95, 009, 000 
63, 000, 000 
10, 000,  000 


.cords. 
..tons. 


..tons. 


10,000 

12,000 

800.000 

12,000 


$1, 615, 000 

189,000 

27,000 

50,000 

35,000 

35,000 

18,000 

8,000 

1,285,000 

8, 242, 000 
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P  6. 

REMOVAL  OF  BAR  IN  THE  MISSISSIPPI  RIVER  OPPOSITE  DUBUQUE,  IOWA. 

• 

Col.  J.  N.  Macomb,  Corps  of  Engineers,  was  in  charge  until  November 
15, 1877,  when  he  was  relieved  by  Maj.  F.  U.  Farquhar,  Corps  of  Engi- 
neers. 

The  work  dnring  the  fiscal  year  consisted  in  dredging  39,261  cubic 
yards  of  sand  of  the  point  of  the  bar  that  extends  from  the  Barney  Cut 
in  the  levee,  down-stream,  to  below  the  steamboat  landing.  The  point 
of  the  bar  was  removed  as  far  up  as  opx)osite  the  middle  of  the  wharf- 
boat.  The  dredging  was  done  by  contract  by  Mr.  George  Williams,  of 
Keokuk,  who  was  the  only  bidder  who  could  begin  the  work  in  a  rea- 
sonable time.    The  abstract  of  proposals  received  is  hereto  appended. 

The  dredging  should  be  continued  up-stream  so  as  to  give  steamboats 
an  easy  access  to  the  landing.  This  would  require  a  further  dredging 
of  84,128  cubic  yards,  which  will  cost  $23,135.20. 

Seventh  Street  Slough  and  New  Barney  Cut  should  be  closed.  No 
estimate  is  made  for  closing  the  cuts,  as  it  would  seem  that  such  work 
should  be  done  by  the  city  of  Dubuque  rather  than  by  the  United  States. 
With  the  funds  available  the  dredging  will  be  continued. 

Not  less  than  $13,125.20  should  be  appropriated  for  the  fiscal  year' 
ending  June  30, 1880. 

Commercial  statistics  are  hereto  appended. 

Dabuque  is  in  the  cnstoms-diBtrict  of  New  Orleans,  La. 

Money  statement 

July  1,  1877,  amount  available $14,416  82 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$24, 416  82 

July  1,  1878,  amount  expended  during  fiscal  year 14,383  65 

July  1,  1878,  amount  available 10,033  17 

Amount  (estimated)  required  for  completion  of  existing  project 13, 125  20 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     13, 125  20 


COKMERCIAL  STATISTICS. 

MecdpU  by  river. 

Lumber 75, 000, 000  feet. 

Hogs  (live  and  dressed) 4, 060, 000  pounds. 

Oats 12, 700,  000  pounds. 

Com 1, 470,  000  pounds. 

Wheat 366,  420  poimds. 

Flour 112, 000  pounds. 

Butter 110, 000  pounds. 

Green  hides 381  packages. 

Lead '- 594, 110  pounds. 

Salt 18, 000  barrels. 

Cement 1,700  barrels. 

Staves 500,000 

Horses 412  head. 

Cattle 4,300  head. 

Coal 14, 400, 000  pounds. 

Merchandise,  including  iron,  nails,  glass,  oils,  cordage,  wagon 

materiah  and  goods  of  every  description 51,000  tons. 

Number  of  passengers  landed 14, 280 

Number  of  steamboat  landings 914 
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Shipments  by  river, 

OatB 28,250,806poimd8, 

Wheat 3, 412, 200  pounds. 

Com 1, 117, 312  pounds. 

Barley 310, 000  pounds. 

Butter .'. 36, 170  pounds. 

Pork 2, 860, 547  pounds. 

Lard : 2, 238, 132  pounds. 

Merchandise 2, 107, 000  pounds. 


Cordage  . 

Salt '. 

Cement 

Lumber 

Horses 

Cattle 

Number  of  passengers. 


121, 500  pounds. 
13, 000  barrels. 
1, 110  barrels. 
60, 000  feet. 
1,160  head. 
212  head. 
9,760 


Abstract  of  bids  received  by  Col.  J.  N.  Macomb,  Corps  of  Engineers^  U,  8,  A,,  at  Bock 
Island,  III,  on  August  7,  1877,  for  removal  of  a  bar  in  Mississippi  Biver  o]^osite  Du- 
buque, Iowa. 


i 

Name  of  bidder. 

Besidence. 

Names  of  guarantors. 

For  earth  and  sand  ex- 
cavation (dredging), 
per  cubic  yard. 

1 

2 
8 

"Wlllinm^  &  XTpham. . . 
(Jeorge  B.  TVoodworth. 

George  WUliama* .... 

Houghton,  Mich.. 
Bubaque,  Iowa . . . 

Keokuk,  Iowa 

Samuel  L.  Smith,  William  Harris 
William  W.  Woodworth,  Charles 

A.  Keed. 
H.  S.  Brown,  Jos.  W.  Bishop 

$0  26 
25 

27 

$12  00 
15  00 

12  00 

*  Contract  awarded. 


IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  FROM  THE  BRIDGE  OF  THE 
CHICAGO,  MILWAUKEE,  AND  SAINT  PAUL  RAILROAD,  ABOVE  LA 
CROSSE,  WISCONSIN,  TO  THE  MOUTH  OF  ROOT  RIVER,  BELOW  SAID 
CITY. 

!N"o  work  was  done  during  the  last  fiscal  year.  The  work.to  be  done 
here  consists  in  closing  the  chute  on  both  sides  of  Bates  Island  and  pro- 
tecting the  head  of  Grand  Island. 

This  work  will  be  commenced  as  soon  as  contracts  can  be  made  after 
due  advertising  for  proposals. 

The  amount,  $12,500,  appropriated  by  act  approved  June  18,  1878, 
will  complete  the  work. 

Money  statement, 

Amonnt  appropriated  by  act  approyed  June  18,  1878 fl2, 500  00 

July  1,  1878,  amount  available 12,500  00 


condition  of  the  channel  of  the  mississippi  river  at  la 

crosse,  wisconsin. 

United  States  Engineer's  Office, 

Bock  Island^  IlLj  ISth  August^  1877. 
General:  I  have  the  honor  to  transmit  herewith  the  report  of  the 
Board  of  Engineers  constituted  by  special  orders  Fo.  1,  dated  War 
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Department,  Adjutant-GeneraPs  Office,  Washington,  D.  C,  January  4, 
1875,  and  reconvened  by  special  orders  No.  93,  dated  headquarters 
Corps  of  Engineers,  Washington,  D.  C,  August  11^  1877,  to  consider 
and  report  upon  condition  of  the  channel  of  the  nver  at  La  Crosse, 
Wis. 

I  remain,  very  respectfully,  your  most  obedient  servant, 

J.  N.  Macomb, 

Colonel  of  ^Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  U.  8.  A. 

[First  indorsement.  ] 

Office  of  Chief  op  Engineers, 

August  2^,  1877. 
Eespectfully  submitted  for  the  information  of  the  honorable  the  Sec- 
retary of  War. 

In  the  opinion  of  the  Chief  of  Engineers  the  report  seems  reasonable 
and  the  suggestions  or  recommendations  judicious. 
By  direction  of  Brigadier-General  Humphreys,  and  in  his  absence. 

George  H.  Elliot, 

Major  of  Engineers. 


report  of  board  of  engineers. 

La  Crosse,  Wis., 

August  16, 1877. 
General:  The  Board  of  Engineers  constituted  by  special  orders  Ko. 
1,  dated  War  Department,  A^jutant-GeneraPs  OflQce,  Washington  D.  C, 
January  4, 1875,  and  reconvened  by  special  orders  N^o.  93,  dated  head- 
quarters Corps  of  Engineers,  Washington,  D.  C,  August  11, 1877,  met 
at  La  Crosse^  Wis.,  on  the  15th  instant,  all  the  members  being  present. 
The  order  in  question  directs  the  Board — 

To  examine  and  report  upon  the  condition  of  the  channel-way  of  the  river  opposite 
that  city  [La  Crosse],  the  cause  of  the  changes  that  have  taken  place  or  are  now 
taking  place  in  the  bed  of  the  stream,  and  to  recommend  such  works  and  measures  by 
the  Imited  States,  if  a^y,  as  may  be  considered  proper  and  expedient  to  arrest  the 
shoaling  and  restore  the  channel  to  its  former  position. 

The  first  duty  prescribed  in  the  above  instructions  is  to  report  upon 
the  present  condition  of  the  channel- way  opi)osite  La  Crosse. 

The  channel  of  the  Mississippi  along  the  La  Crosse  landing  is  in  ex- 
cellent condition,  and  the  "Grand  Crossing,"  a  bar  just  below  the  city 
that  has  usually  been  very  troublesome,  has  now  a  greater  depth  of 
water  than  many  other  bars  above  and  below. 

The  part  of  the  river  in  this  vicinity  about  whose  condition  the  citizens 
of  La  Crosse  were  apprehensive  extends  upstream  from  the  mouth  of 
the  Black  Eiver  to  the  foot  of  Minnesota  Island,  a  distance  of  about  one 
mile.  Li  this  section  of  the  river  there  is  a  series  of  flat  sand-reefs,  with 
channels  alternately  close  to  either  bank,  that  necessitate  three  square 
crossings  of  the  river  between  the  mouth  of  the  Black  and  the  railroad- 
bridge.  Li  addition  there  has  been  an  abrasion  of  the  head  of  Grand  or 
Barron's  Island  for  a  width  of  about  40  feet,  and  some  of  the  trees  and 
bushes  thus  undermined  have  lodged  on  the  bar  below,  pointing  out  its 
shoalness  with  great  distinctness  and  magnifying  t^e  bad  appearance 
of  the  channel.    As  this  piece  of  river  is  in  Ml  view  of  La  Crosse  the 
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depressing  effect  on  the  citizens  of  its  ragged  and  unsightly  appearance 
has  naturally  been  very  great. 

In  our  report  dated  January  15. 1875,  in  which  we  prescribed  the  ac- 
cessory works  that  should  be  built  by  the  bridge  company,  we  recom- 
mended that  the  channel  east  of  Minnesota  Island  should  be  partially 
obstructed  so  as  to  make  the  larger  flow  of  the  river  pass  west  of  Minne- 
sota Island  where  the  railroad-draw  is  located.  The  railroad  company 
did  even  more  than  we  recommended,  and  closed  the  east  channel  en- 
tirely (except  in  high  water)  by  building  a  dam  across  its  head. 

The  natural  effect  of  this  violent  change  in  regimen  was  to  upset  the 
old  channel,  which  had  developed  under  different  conditions,  and  during 
the  process  of  adaptation  to  the  increased  volume  of  water  there  was  for 
a  time  a  very  ragged  and  variable  channel.  In  the  course  of  a  few  months, 
however,  the  enlarged  volume  of  water  had  succeeded  in  scouring  out 
sufficient  increase  of  cross-section  and  in  obtaining  a  fixed  regimen,  and 
now  there  is  excellent  water  for  a  mile  above  the  bridge  where  before 
the  dam  was  built  there  was  a  very  troublesome  bar. 

But  this  operation  of  developing  a  new  and  deeper  channel  necessi- 
tated the  removal  of  a  vast  quantity  of  sand  which  was  carried  down 
stream  by  the  currents. 

The  Board  believe  that  it  is  this  sand,  thus  pushed  out  of  its  former 
resting-place,  that  has  been  carried  down  in  abnormal  quantity  and  has 
lodged  below  Minnesota  Island,  thus  causing  the  bars  that  look  so  for- 
midable when  viewed  from  La  Crosse. 

A  careful  examiaation  induces  us  to  believe  that  these  bars  are  in  a 
state  of  unstable  equilibrium,  and  that  time  only  is  needed  to  enable  the 
river  currents  to  act  on  this  sand  and  distribute  it  gradually  down  stream 
on  shore-bars  and  elsewhere,  where  it  will  probably  be  out  of  the  way. 
Experience  on  river  improvement  shows  that  time  is  an  important  factor, 
and  that  it  is  very  unwise  to  get  alarmed  or  discouraged  if  the  fijpst  sea- 
son's work  does  not  immediately  produce  the  desired  result.  We  there- 
fore feel  reasonably  confident  that  the  bar  in  question  will  gradually 
improve,  and  that  at  present  there  is  no  danger  in  awaiting  this  result. 
We  are  strengthened  in  this  belief  by  the  fact  that  a  careful  examination 
failed  to  show  any  increase  in  the  channel  between  Grand  Island  and  the 
Minnesota  shore.  If  this  channel  has  not  increased  in  cross-section,  not- 
withstanding the  injurious  effect  on  the  main  channel  of  the  vast  Dody 
of  sand  suddenly  thrust  into  it  from  above,  we  believe  that  immediate 
action  is  not  now  required,  as  under  the  operation  of  natural  causes  this 
sand  is  gradually  drifting  down  and  distributing  itself,  thereby  day  by 
day  giving  a  freer  flow  through  the  main  channel  than  there  is  now,  and 
thus  daily  lessening  the  danger  of  the  main  current  passing  belund 
Grand  Island.  Notwithstanding  the  crookedness  of  the  channel,  we  found 
no  difficulty  in  getting  over  these  bars,  although  the  Montana  could  not 
cross  the  bar  2  miles  above  the  railroad-bridge  and  was  compelled  to 
return  to  La  Crosse. 

The  Upper  Mississippi  is  remarkably  similar  to  the  Upper  Hhine  in 
the  section  between  Basle  and  Strasbourg.  Both  streams  are  flanked  by 
a  network  of  secondary  eh  annels.  On  the  Ehine  the  first  consideration  was 
to  concentrate  the  whole  flow  in  a  single  channel.  After  this  was  done 
the  channel  was  regulated.  We  believe  that  the  same  general  idea  should 
control  all  work  on  the  Upper  Mississippi,  and  that,  if  carried  into  prac- 
tice, the  result  will  be  as  satisfactory  as  it  has  been  on  the  improved 
Ehine  and  as  it  has  proved  when  tried  in  a  small  case  at  the  head  of 
Minnesota  Island. 

With  these  views  we  hold  that  it  is  only  a  matter  of  time  until  all  the 
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secondary  channels  on  the-  Up]^  Mississippi  will  be  closed  as  part  of  a 
general  plan  of  improvements  Wherever,  as  at  La  Crosse,  strong  local 
interests  add  to  the  reasons  fbr  the  closure  of  these  channels,  we  belfeve 
t&at  it  should  be  done  as  soon  as  possible. 

We  see  no  immediate  danger  to  La  Crosse  in  leaving  open  the  chann^lv 
on  either  side  of  Bates  Island ;  but  rivei*s  are  proverbially  variable,  and 
as  long  as  these  channels  remain  open  they  are  a  standing  menace  to  the 
city  and  to  the  general  navigation  of  this  part  of  the  MlssissippL  More- 
over, the  work  of  closing  is  a  much  easier  matter  when  nature  does  not 
actively  oppose  the  work  than  it  is  when  a  strong  current  flows  throujg^h 
these  channels. 

With  these  views  we  would  recommend  the  closing  of  both  channels 
would  Bates  Island  as  soon  as  the  interests  of  tiie  government  will 
permit. 

Under  all  circumstances  it  will  be  a  useftil  ei:i>enditure.  As  the  state 
of  the  appropriations  precludes  work  at  preseiit,  we  think  thai;  it  is  better 
not  to  prescribe  the  precise  locations,  method  of  construction,  nor  heights 
of  these  dams,  as  these  details  are  properly  within  the  province  of  the 
looait  engineer,  who  must  naturally  be  more  familiar  with  the  peculiaii- 
ties  of  the  river  in  question  than  officers  stationed  at  a  distance. 
All  of  which  is  respectfully  submitted. 

J.  N.  Macomb, 

OoUmel  of  S/^gineers.    • 
G.  Weitzbl, 
Major  of  EtigineerSj  Bvt  Maj.  OenLj  U,  8.  A, 
Wm.  E.  Msbrtll, 
Major  of  Engineers  and  Bvt  Col. 

Brig.  Gen.  A.  A.  HrrMPitREVS, 

Chief  of  EngimerHy  IT.  S.  A, 


keport  of  board  of  et^gineers  on  milwaukee  and  saint  paul 
railboad  bridge  at  la  crosse. 

La  Crosse,  Wis., 

January  15, 1875. 
Sir  :  The  Board  of  Engineers  convened  by  paragraph  1,  Special  Orders ' 
No.  1,  dated  War  Department,  Adjutant-General's  Office,  January  4, 
1875,  would  respectfully  submit  the  following  report : 

A  copy  of  the  act  of  Congress  ap])roved  22d  June,  1874,  which  contains 
the  conditions  prescribed  for  the  bridge  at  La  Crosse,  and  which  speci* 
lies  the  duties  of  the  Board,  is  herewith  attached  and  marked  Apx>en- 
dix  A.* 

LOCATION. 

It  will  be  soon  from  this  act  that  the  duties  of  the  Board  in  regard  to 
location  are  limited  to  rei)orting  whether  or  not  a  bridge  can  be  built  on 
the  company's  site  so  as  not  to  interfere  materially  with  navigation  at 
that  point.  After  mature  deliberation  the  Board  are  of  the  opinion  that 
a  bridge  can  be  so  built  provided  certain  ac(iessory  works  are  added, 
which  will  be  indicato-d  farther  on  in  the  report. 

*  Not  printed. 
46  E 
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HEIGHT  OF  BRIDGE. 

They  are  of  the  opinion  that  it  will  not  be  necessary  to  raise  the  bot- 
tom of  the  bridge  higher  than  10  fe€t  above  the  highest  water-mark 
known. 

LOCATION  OF  PIERS. 

They  approve  of  the  location  of  the  piers  indicated  on  the  accompany- 
ing profile  and  map.  furnished  by  Mr.  Dodge,  the  engineer  of  the  com- 
pany. 

ACCESSORY  WORKS. 

The  first  accessory  work  which  the  Board  would  recommend  is  the 
partial  obstruction  of  the  channel  east  of  Minnesota  Island.  They  would 
recommend  that  at  a  i)oint  about  500  feet,  more  or  less,  below  the  head  of 
Minnesota  Island  (the  exact  location  to  be  left  to  the  local  engines  offi- 
cer), the  banks  should  be  paved  and  the  bottom  partially  covered  with 
stone  so  as  to  r^uce  the  fiow  through  this  channel  and  to  prevent  the 
possible  danger  of  the  main  volume  of  the  Mississippi  leaving  the  west- 
ern channel,  which  will  be  prepared  to  accommodate  navigation,  for  the 
eastern  channel,  which  will  not  be  so  prepared.  They  also  think  that  it 
would  be  advantageous  to  reduce  the  cross-section  of  the  water-way  at 
the  place  where  the  bridge  crosses  the  eastern  channel  to  what  it  will  be 
at  the  point  near  the  head  of  the  channel  where  it  is  to  be  partly  ob- 
structed. 

The  Board  also  think  that  it  would  be  judicious  to  close  the  three 
openings  leading  into  the  French  Slough,  but  they  do  not  consider  this 
work  as  important,  ^nd  therefore  would  recommend  that  it  be  left  to  the 
discretion  of  the  railroad  company. 

The  western  or  Minnesota  shore  should  be  graded  to  a  gentle  slope  of 
46°  or  less,  and  paved  with  stone  with  a  footing  of  riprap  for  a  distance 
of  about  1,000  feet  above  the  bridge  and  the  same  distance  below  it^  bo 
as  to  maintain  the  shore-line  and  preserve  a  regular  approach  to  the 
draw  openings.  The  exact  length  of  shore  aboye  the  -bridge  which  re- 
quires revetment  must  be  determined  by  the  action  of  the  currents  The 
protection  should  extend  above  the  highest  point  at  which  any  abradiBg 
action  is  apparent. 

TThe  channel  between  Bates  Island  and  the  Minnesota  shore  shonld 
be  closed  by  a  dam  of  piles,  brush,  and  stone,  or  its  equivalent^  extend- 
ing to  a  height  of  6  feet  above  low  water,  with  shore  revetments  extend- 
ing 200  feet  below  each  end  of  the  dam,  so  as  to  prevent  it  from  being 
turned  by  the  scour  of  the  overfall.  The  reason  why  the  Board  think 
that  this  work  should  be  done  by  the  bridge  company  is  that  the  position 
of  the  draw-span  is  such  that  rafts  will  be  compelled  to  pass  through  the 
draw  in  high  water  and  at  such  stages  they  will  naturally  float  so  near 
the  head  of  this  channel  that  unless  the  current  in  it  is  reduced  they  will 
be  in  danger  of  being  drawn  through  it.  It  has  been  stated  to  the  Boanl 
by  lumbermen  that  the  navigation  of  this  channel  is  difficult  for  raft^ 
and  that  all  rafts  desire  to  stop  at  La  Crosse  for  supplies  or  to  be  made 
up  into  larger  rafts.  As  the  constriction  of  the  bridge  will  prevent  rafts 
from  hugging  the  west  shore  of  Minnesota  Island,  by  which  course  they 
could  avoid  the  danger  of  being  drawn  into  this  objectionable  channel, 
it  seems  not  unreasonable  to  call  upon  the  railroad  company  to  remedy 
this  trouble  which  will  follow  the  erection  of  their  bridge. 

It  will  likewise  be  necessary  to  make  a  high-water  levee  from  the  solid 
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embankment  of  the  railroad-track  to  a  point  about  100  feet  below  the 
site  of  the  dam  across  the  Bates  Island  Channel,  so  as  to  cut  off  the 
draught  over  the  banks  in  time  of  high  water. 

This  levee  would  probably  be  6  feet  in  height  and  3,500  feet  in  length. 
It  could  be  prevented  from  washing  by  being  paved,  sodded,  or  planted 
witii  willows. 

These  are  aU  the  accessory  works  that  seem  to  be  required  in  order  to 
make  navigation  secure  at  the  proposed  site;  but  the  Board,  bearing  in 
mind  the  uncertainty  of  aU  river-work,  would  recommend  that  this  sub- 
ject be  put  under  the  charge  of  the  local  engineer  officer  to  recommend 
such  additions  or  changes  as  from  time  to  time  may  seem  to  be  necessary. 

There  are  certain  other  conditions  that  should  likewise  be  prescribed. 

BIPBAP. 

No  riprap  around  any  of  the  piers  in  the  main  or  Minnesota  Channel 
should  rise  higher  than  3  feet  below  low  water  mark  or  have  a  greater 
width  on  top  than  3  feet. 

PIVOT-GUABD. 

The  pivot-pier  should  be  provided  with  the  usual  extension  up  and 
down  stream  for  the  protection  of  the  draw  when  open. 

SNUBBING-POSTS. 

To  enable  boats  to  tie  up  to  the  bank  in  case  of  accidents  to  boat  or  to 
draw,  8  stout  snubbing-posts  should  be  provided  along  the  shore  above 
the  bridge,  commencing  150  feet  above  and  extending  to  a  distance  of 
500  feet  above,  the  posts  being  50  feet  apart. 

LIGHTS. 

The  lights  on  the  draw  should  be  the  same  as  those  prescribed  for  the 
Louisiana  bridge,  which  were  as  follows : 

One  circular  red  light,  showing  all  around  the  horizon,  should  be  placed 
over  the  east  draw-pier  at  an  elevation  of  15  feet  above  the  top  of  the 
bridge. 

A  similar  light  should  be  placed  over  the  west  draw-pier. 

Three  lights  should  be  placed  on  the  draw-span  at  an  elevation  of  15 
feet  above  the  top  of  the  (fraw.  They  should  be  inclosed  in  square  boxes 
with  two  red  panes  of  glass  and  two  green  ones — ^the  green  glasses  to 
show  in  the  direction  of  the  length  of  the  draw  and  the  ml  glasses  to  be 
at  right  angles  to  the  green ;  the  boxes  should  be  firmly  fastened  in  posi- 
tion, the  lamps  only  being  movable. 

When  the  draw  is  closed  five  red  lights  will  be  seen  fix>m  above  or 
from  below  the  bridge;  two  pairs  of  lights  with  a  single  light  between. 
When  the  draw  is  open  three  green  lights  will  be  seen  in  range  between 
the  two  fixed  red  lights  on  the  draw-pier. 

No  other  lights  should  be  allowed  on  the  bridge  except  such  as  may 
be  required  for  the  use  of  the  trains. 

In  conclusion,  the  Board  would  state  that  this  report  has  been  made  in 
strict  accordance  with  the  instructions  contained  in  the  act  of  Congress 
under  which  the  Board  was  convened,  but  they  feel  it  due  to  themselves 
to  add  that  they  see  no  reasons  for  changing  the  opinions  express^  by 
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tbem  in  their  two  previous  r^ovts  which  were  printed  as  Ex.  Doe.  Ho. 
71,  House  of  Kepresentatives,  Fortv-seoond  GongFeas.  third  sessioiL 

;.*•  •  •  •.  •  •  • 

Bespectftilly  submitted. 

J.  ST.  IMjLGOMBy 

Colonel  of  Engineers.  President  of  BoaHL 

G.   WBITZBl,, 

Major  of  Engineers  and  Bvt  Mc^.  Oen.y  U,  S.  A, 

WM.  E.   MSBSILIi^ 

Mofor  of  Engineers  aatd  Brevet  Colonel, 
To  the  Honorable  the  Sbcbetaby  of  War. 


P  8. 

IMPROVEMENT  OF  GALENA   RIVER  AND  HARBOR  AT  GALENA,  ILLINOIS, 

No  work  was  done,  no  funds  being  available.  During  the  present 
season  dredging  will  be  comnjenced.  The  work  will  be  done  by  contract 
after  due  advertising. 

The  estimated  cost  of  this  work  (see  page  290,  part  1,  Annual  Beport 
of  Chief  of  Engmeers,  1874)  was  $400,000. 

The  amount  appropriated  ($30,000)  by  act  approved  June  18, 1878, 
will  dredge  about  60,000  cubic  yards  of  the  594,873  cubic  yards  esti- 
mated. 

Should  this  work  go  on,  at  least  $100,000  should  be  appropriated  for 
each  fiscal  year,  so  that  it  could  be  pushed  to  completion. 

Galena  is  in  the  customs-district  of  New  Orleans. 

Money  statemenU 

Amount  appropriated  by  act  approved  June  18,  1878 $30,  000  00 

July  1,  1^8,  amount  available 30,000  00 

Amount  (eHtimated)  required  for  completion  of  existing  project 370, 000  00 

Amount  that  can  be  i)rotitably  expended  in  fiscal  year  ending  June  30, 1880.  100, 000  00 


Pg. 

WIDENING  AND  DEEPENING  THE  CHANNEL  OF  MISSISSIPPI  RI\T^.R  FROM 
DES  MOINES  RAPIDS  TO  THE  MOUTH  OF  THE  ILLINOIS. 

No  work  W8W  done  dnring  the  last  fiscal  ye^r. 

No  surveys  have  ever  been  made  on  this  part  of  the  river.  As  soon  a« 
surveys  can  be  made  of  the  places  where  obstructions  to  navigation  exist, 
plans  and  estimates  will  be  submitted  and  work  commenced. 

It  is  proposed  to  make  a  thorough  survey  of  the  river  between  Des 
Moines  Eapids  and  the  mouth  of  the  Illinois  Kiver. 

Owing  to  the  present  impossibility  of  definitely  specifying  the  above 
work,  it  will  be  carried  on  by  hired  labor  and  the  materials  be  purchased 
in  open  market. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $100,000  00 

July  1,  1H78,  amount  available 100,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  ye^  ending  June  30, 1880.     100, 000  00 
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P  xo, 

WIDENING  AND  DEEPENING  THE  CHANNEL  OF  MISSISSIPPI  RIVER  FROM 
SAINT  PAUL  TO  DES  MOINES  KAPIDS. 

Ko  work  was  done  dnring  the  last  fiscal  year. 

During  the  flscal  yeat  ending  June  30,  1879,  it  is  proposed,  Ist,  to 
improve  the  channel  at  the  places  where  the  greatest  obstructions  to 
navigation  exist ;  and,  2d,  to  make  a  survey  of  the  river  from  which  a 
complete  plan  for  its  improvement  can  be  made. 

As  fast  as  the  surveys  are  made,  plans  and  estimates  will  be  made  and 
submitted. 

A  preliminary  estimate  for  the  improvement  of  this  part  of  the  river 
was  made  by  my  predecessor,  Col.  J.  N.  Macomb  (see  page  177,  Part  II, 
Annual  Report  of  the  Chief  of  Engineers  for  1876),  which  amounted  to 
$617,393. 

Owing  to  the  present  impossibility  of  definitely  specifying  the  above 
work,  it  will  be  carried  on  by  hired  labor  and  the-materials  l^  purchased 
in  open  market. 

Money  statement. 

Amount  appropriated  by  act  approved  Jane  18,  1878 |250,000  00 

July  1,  1078,  amount  available 250,000  00 

Amount  (eHtimated)  required  for  completion  of  existing  project 367, 393  00 

Ainoimt  that  can  be  profit  ably  expended  in  fiscal  year  ending  June  30, 1880 .    250, 000  06 


PlI. 

IMPROVEMENT  OF  FALLS  OF  SAINT  ANTHONY,  MISSISSIPPI  RIVER. 

The  fflnaall  exploring  drift  (reported  in  my  last  annual  report)  was  car- 
ried on  to  a  point  470  feet  west  of  the  west  branch  of  the  tunnel,  and 
the  leakages  of  the  concrete  dike  were  taken  into  a  drain.  At  all  points 
where  the  drift  reached  the  dike  the  concrete  was  found  well  set,  the 
leakages  being  at  the  bottom  of  the  upper  drift,  where  in  places  tJie  con- 
crete filling  of  the  drift  had  not  adhered  to  the  main  wall  below.  The 
leakage  of  the  wall  is  gradually  diminishing,  and  in  time  no  doubt  will 
cease  altogether. 

The  west  slope  of  the  apron  was  removed,  the  rock  excavated,  and  a 
new  apron  built  in  the  plane  of  the  center  or  main  slope.  This  involved, 
besides  the  removal  of  the  timber  of  the  old  slope,  the  removal  of  2,700 
cubic  yards  of  lime  rock  in  place,  3,000  cubic  yards  of  fallen  lime  rock, 
and  2,000  cubic  yards  of  sand  rock.  The  lime  rock  was  placed  to  pro- 
tect the  toe  of  the  apron.    This  remodeling  of  the  apron  cost  $27,030.38. 

During  the  past  winter  450  cords  of  granite  bowlders  were  placed  in 
the  deep  hole  at  the  toe  of  the  apron  on  the  east  side. 

During  March  and  part  of  April,  1878,  the  work  of  extending  the 
apron  85  feet  along  Hennepin  Island  was  accomplished  at  a  cost  of 
$4,220.83.  For  this  work  220.000  feet  (board-measure)  of  lumber  were 
taken  from  the  cotfer-dams.  All  the  work  was  done  by  hired  labor  and 
the  materials  bought  in  open  market,  except  the  lumber  for  the  apron 
and  the  gi'anite  bowlders,  which  were  bought  under  contract  reported  in 
my  last  annual  report.  The  only  work  that  remains  to  be  done  is  a  wall 
to  protect  the  sand  rock  at  the  west  side  of  the  apron,  for  which  the 
stone  is  already  quarried,  and  making  some  slight  changes  in  Famham 
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and  Lovejoy's  dam  so  as  to  exclude  some  water  from  the  eastern  valley 
of  the  apron.  There  is  plenty  of  money  available  for  these  works,  which 
will  be  prosecuted  as  soon  as  low  water  permits.  The  work  has  been 
under  the  local  charge  of  Mr.  J.  L.  Gillespie,  assistant  engineer,  who 
by  his  intelligence  and  energy  has  contributed  not  a  little  to  the  success 
of  the  works  designed  for  the  "  Preservation  of  the  Falls  of  Saint  An- 
thony." The  faithfulness  and  efficiency  of  Mr.  A.  H.  Weeks,  overseer, 
and  John  CuUen,  sub-overseer,  are  also  worthy  of  much  commendation. 

Original  estimate  of  Board  of  Engineers  of  1874  (see  page  385,  Part  I, 
Annual  Report  of  Chief  of  Engineers  for  1874)  was $419, 792  00 

Owing  to  unforeseen  contingencies,  this  estimate  was  increased  (see  page 
700,  Part  I,  Annual  Report  of  Chief  of  Engineers  for  1876)  to 589, 726  31 

There  has  been  appropriated 345,000  00 

There  has  been  expended  as  follows : 

Construction  of  dike  and  drains 211,069  46 

Construction  of  rolling-dams 24,957  29 

Repairs  of  apron 63,498  72 

Repairs  of  coflfer-dams  and  work  necessary  to  repair  damages  made  by  . 

nver 26,229  22 

Filling  of  excavations.through  and  under  limestone  above  dike 7, 811  92 

'  ^  

Total  expenditure 333,586  61 

▲BSTIUCT  OF  APPROFRIATIONS  MADE  FOR  THE  PRESERVATION  OF  THE  FALLS  OF  SAI^T 

ANTHONY. 

By  act  approved  July  11, 1870 *|50,000  00 

By  act  approved  March  3,  1871 *60,000  00 

By  act  approved  June  10,1872 •50,000  00 

By  act  approved  March  3, 1873 •50,000  00 

By  act  approved  June  23, 1874 125,000  00 

By,act  approved  March  3,  1875 100,000  00 

By^act  approved  August  14, 1876 120,000  00 

545,000  00 

Original  estimate  for  carrj'ine  out  present  project 529, 726  31 

Remaining  to  be  appropriated 184,726  31 

Money  statement 

July  1,  1877,  amount  available |58,498  40 

July  1,  1878,  amount  expended  during  fiscal  year $46,795  01 

July  1,  1878,  outstanding  liabilities 290  00 

47,005  01 

July  1,  1878,  amount  available 11,413  39 

Amount  (estimated)  required  for  completion  of  existing  project 184, 726  31 


Pl2, 

IMrROVEMENT   OF   MISSISSIPPI    RIVER    ABOVE   THE    FALLS    OF    SAINT 
ANTHONY,  MINNESOTA. 

During  the  season  of  1877, 1,175  cubic  yards  of  bowlders  were  removed 
from  the  bed  of  the  river,  from  the  head  of  Smilar's  Bapids  to  Itaska, 
a  distance  of  27  miles,  at  a  cost  of  $5.12  per  cubic  yard.  In  the  same 
distance  2,771  linear  feet  of  brush  and  stone  dams  and  1,190  linear  feet 

*  NoTK.— Tliese  Hums  were  used  before  tbe  adoption  of  the  present  plan. 
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of  brush  and  stone  shore  protection  were  constructed  at  a  cost  of  $1.13 
per  linear  foot,  or  68  cents  per  cubic  yard. 

The  work  of  removing  bowlders  was  done  with  a  steam-crane  scow, 
working  a  grapple  and  a  rake,  and  provided  with  a  steam-drill  and  a 
hired  crew. 

The  work  of  building  dams  was  done  by  hired  labor.  The  overseer 
was  Mr.  William  Batson,  to  whom  great  credit  is  due  for  the  faithful 
and  energetic  manner  in  which  he  carried  on  the  work. 

May  11, 1878,  the  crane-scow  resumed  work  at  Itaska,  and  has  com- 
pleted the  work  as  far  down,  as  Ooon  Rapids,  where  it  is  now  operating. 

During  the  present  season  it  is  proposed  to  continue  the  work  of  re- 
moving bowlders,  &c.,  with  the  crane-scow,  and  to  repair  several  of  the 
brush  dams  where  they  have  been  damaged  by  the  log-drivers.  This 
work  is  being  done  by  hired  labor,  as  it  cannot  be  sufficiently  specified 
for  contractors. 

ABSTRACT  OF  APPROPRIATIONS  HERETOFORE  MADE. 

By  act  approved  June  23,  1874» $25,000  00 

By  act  approved  August  14,  1876 20,000  00 

Total 45,000  00 

^=  .      aa 

Original  estimate  for  the  work  between  the  Falls  of  Saint  Anthony  and 

Saint  Cloud.  Minn 144, 6^7  50 

Remaining  to  oe  appropriated 124,607  50 

Money  statement 

Julyl,  1877,  amount  available $16,710  03 

July  1, 1878,  amount  expended  during  fiscal  year $8,387  92 

July  1, 1878,  outstanding  liabilities 1,494  67 

9,882  59 

July  1,  1878,  amount  available 6,827  43 

Amount  (estimated)  renuired  for  completion  of  existing  project 124, 667  50 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880 .      30, 000  00 


P13. 

CONSTRUCTION  OF  LOCK  AND  DAM  ON  MISSISSIPPI  RIVER  AT  MEEKER'S 

ISLAND,  MINNESOTA. 

No  work  has  been  done  here  as  no  funds  were  available,  because  the 
parties  holding  the  land-grant  have  not  made  any  acceptable  release  as 
required  by  the  act  approved  March  3,  1875.  The  State  of  Minnesota 
should  annul  the  grant  to  the  parties  now  holding  the  land-grant,  and 
release  the  same  to  the  United  States.  Should  it  be  determined  to  carry 
on  this  work,  a  sum  not  less  than  $300,000  should  be  appropriated  for 
the  fiscal  year  ending  June  30, 1880. 

Money  statement 

July  1,  1877,  amount  available $25,000  00 

July  1,  1878,  amouut  available , 25,000  00 

Amount  (estimated)  required  for  completion  of  exiflting  project 922, 121  46 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  300, 000  00 

•  Made  and  expended  before  the  adoption  of  the  pretsent  project. 
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IMPROVEMENT  OF  MINNESOTA  KIVER. 

Under  the  eontxact  with  Messrs.  Douglass  &  Winston  Brothers  (re- 
ported in  my  last  annual  report),  work  was  commenced  in  July,  1877,  at 
a  point  about  2  J  miles  below  Saint  Peter.  When  the  work  closed  in 
October,  29^  mUes  of  river  had  been  cleared  of  snags  and  bowlders,  and 
the bauKS  of  overhanging  trees;  1,712  snags  and  6  cubic  yards  of  rock 
wei;e  removed  from  the  channel  of  the  river,  and  904  overhanging  trees 
were  cut  down. 

There  is  no  commerce  on  the  river  above  Little  Rapids  at  stages  of 
low  water,  nor  will  there  be  until  the  creation  of  slack- water  navigation. 
If  this  slack- water  navigation  is  to  be  created,  at  least  $60,000  shoidd  be 
appropriated  to  commence  the  lower  lock  at  Little  Eapids.  The  removal 
of  snags,  &c.,  is  only  a  temporary  relief,  and  is  of  no  use  until  boats  can 
pass  little  Eapids  at  low  stages  of  water. 

ABSTRACT  OF    APPBOFBIATIONS   MADE    FOR    THE    IMPROVEMENT    OF    THE    MINNESOTA 

RIVER. 

By  act  approved  March  2,  1867 $37,500  00 

By  act  approved  July  11, 1870 10,000  00 

By  act  approved  March  3, 1871 10,000  00 

By  act  approved  Jpne  19,  1872 10,000  00 

By  act  approved  March  3,  1873 10,000  00 

By  act  approved  June  23,  1874 •10,000  00 

By  act  approved  March  3,  1875 10,000  00 

By  act  approved  August  14,  1876 10,^00 

By  act  approved  June  18,  1878..... 10,000  00 

117,500  00 

Money  statement 

July  1,  1877,  amount  available $9,963  36 

Amount  appropriated  by  act  approved  June  18,  1878 10,000  pO 

:  $19,963  36 

July  1,  1878,  amount  expended  during  fiscal  year 9, 727  95 

July  1,  1878,  outstanding  liabilities 222  00 

9,949  95 

July  1,  1878,  amount  available 10,013  41 

Amount  (estimated)  re^jnired  for  completion  of  existing  project  (see  page 

364,  Part  I,  Annual  Report  of  Chief  of  Engineers  for  1875} 733, 868  63 

Amount  that  can  be  profitably  expended,  commencing  lock  and  dam  at 

Little  Rapids,  in  fiscal  year  ending  June  30, 1880 60, 000  00 


PxS. 

IMPROVEMENT  OF  CHIPPEWA  RIVER,  WISCONSIN. 

Under  the  contract  made  with  Messrs.  Winston,  Douglass  &  Winston 

{reported  in  my  last  annual  report),  the  west  jetty  was  completed,  it» 
ength  being  4,013  feet,  and  the  east  jetty  fini^Led  for  a  distance  of  4^ 
fee£  The  sand  is  slowly  moving  fix)m  the  channel,  and  where  last  som- 
mer  there  were  only  a  few  inches  in  depth  of  water  there  are  now  more 

*  Used  in  making  survey  of  river. 
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tb,aii  3  feet  of  water,  Bad  »ffcer  Ae<C0ii^tionof  tbe  east  jetty  there  will 
be  ^  depth  4>f  W4i4;er  in  the  chaioiiel-way  of  aA  least  4  feet  at  low  waiter^ 
With  the  mojoey  available  from  tiie  livfer  and  harbor  bill  approved  June 
ISy  1878,  it  is  proposed  to  finish  the  east  i»er  and  to  build  the  tuaindng- 
dam  at  Flower  Pot  Island,  which  is  just  above  the  mouth  of  the  .river. 

ABSTRACT  OP  APPROPMATION8  FOR  IMPROVING  CHIPPEWA  RIVER. 

By  act  approvM  August  14,  1876 110,000  00 

By  act  approvedJune  18,  1878 10,000  00 

20,000  00 

Original  estimate  for  carrying  out  existing  project 139, 89JJ  50 

Remaining  to  be  appropriated 119,892  50 

Of  this  amount,  $64,102.50  are  estimated  aa  the  cost  of  protectiBg  the 
five  high  sand-banks  below  Eau  Clair.e.  If  the  work  of  improving  this 
river  is  to  continue  I  would  recommend  that  Congress  be  asked  to  ap- 
propriate the  above  amount  for  protecting  the  high  banks,  and  an  addi- 
tional sum  of  $20,000  to  continue  the  work  of  building  wing-dams  and 
jetties. 

Money  statement 

July  1,  1877,  amount  avaHable |9,971  82 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$19,971  82 

July  1, 1878,  amount  expended  during  fiscal  year  ..•.. 9,881  18 

July  1,  1878,  outstanding  liabilities 50  00 

9,9ai  18 

July  1,  187j3,  amount  available , 10,040  64 

Amount  (estimated)  required  for  completion  of  existing  project 119, 892  50 

Aiponnt  tl^at  can  be  prpfatably  expended  In  fiscal  year  eiiding  June  90, 1880 : 

For  protecting  higb  sand-banks 64,102  00 

ITor  constructrng  wing-dams  and  jetties 20, 000  00 

84, 102  50 


Pi6. 

IMPROVEMENT  OF  RED  RIVER  OF  THE  KORTH. 

Work  was  commenced  at  Moorhead  about  July  1, 1877.  AU  snags, 
drift-piles,  and  overhanging  trees  were  removed  from  Moorhead  to  s^ 
point  1  mile  north  of  Frog  Point  (section  15,  township  148,  range  49  west, 
Minnesota,  United  States  land  purvey),  a  distance  of  120  miles  by  river, 
or  67  miles  by  land. 

There  were  removed  217  snags,  3,996  overhanging  trees,  8  drift-piles, 
and  1  sunken  barge  that  was  in  the  channel  near  Georgetown.  The 
work  was  done  by  hired  labor,  and  the  overseer,  Mr.  Charles  Wanzer,  i» 
entitled  to  commendation  for  his  energy  and  intelligence  in  carrying  on 
the  work.  An  examination  of  the  river  was  made  fipom  Frog  Point  to 
the  northern  boundary  line,  the  resultp  of  which  were  reported  in  letter 
dat-ed  December  8, 1877. 

With  the  funds  appropriated  by  river  and  harbor  bill  approved  Jnne 
18, 1878,  it  is  proposed  to  build  a  dredge  and  to  operate  it  with  hired 
labor,  as  the  amount  available  ($30,000)  is  too  small  to  induce  contract- 
orp  to  build  a  dredge  in  so  isolated  a  region.  The  dredge  will  be  buUt 
at  Moorhei^l,  and  the  work  commenced  upstream  and  continued  down^ 
stream. 
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Shoald  it  be  determined  to  build  a  lock  and  dam  at  Goose  BapidB, 
$100,000  should  be  appropriated  to  commence  the  work,  and  $12,000 
should  be  appropriated  to  continue  the  dredging.  The  steamboat  hne 
on  Bed  Biver  of  the  North  carried,  during  season  of  1877, 13,747  tons  of 
freight. 

ABSTEIA.CT  OF  APPHOPRlATIOKd  MADB  FOB  IMPROVINQ  RKD  RIVER  OF  THE  NORTH. 

By  act  approved  Augiwt  14,  1876 $10,000  00 

By  act  approvedJiiue  18,  1878 30,000  00 

40,000  00 

Money  statement. 

July  1,  1877,  amount  available 98,545  37 

Amoimt  appropriated  by  act  approved  June  18,  1878 30, 000  00 

138,545  37 

July  1, 1878,  amount  expended  daring  fiscal  year 6, 960  66 

July  1;  1878,  outatauding  Uabilities 20  00 

— —      6, 990  $6 

July  1, 1878,  amount  available 31,564  71 

Amount  (estimated)  required  for' completion  of  existing  project 324, 506  17 

Amount  that  can  be  profitably  expended  in  fiscal  year  end- 
ing June  30,  1880 : 

For  lock  and  dam  at  Goose  Rapids $100,000  00 

For  dredging 12,000  00 

112,000  00 


special  bepobt  on  ekamilnation  of  bed  biveb  of  the  nobth. 

United  States  Engineeb  Office, 
Saint  Pauly  Deoeniher  8, 1877. 

Oenebal  :  I  have  the  honor  to  make  the  following  report  of  the  re- 
sults of  the  examination  of  localities  on  the  Bed  Biver  of  the  Korth^ 
between  Frog  Point,  Dakota,  and  the  northern  boundary-line  of  the 
UnitcMl  States,  a  distance  of  181^  miles,  where  obstructions  to  naviga- 
tion are  said  to  exist. 

Below  Prog  Point  the  river  has  an  average  slope  of  .24  foot  per  mile. 

The  course  of  the  river  is  most  tortuous,  this  distance  by  land  from 
Frog  Point  to  the  boundary-line  being  112^  miles,  and  the  distance  by 
river  is  69  miles  farther.  The  amount  of  timber  on  the  banks  of  the 
river  gradually  decreases  toward  the  north  until  there  is  none  except  oa 
some  points  of  land  included  in  the  folds  of  the  river. 

At  Frog  Point  the  river  is  about  250  feet  wide,  and  at  Pembina  about 
300  feet  wide.  The  low- water  discharge  of  the  river  at  Frog  Point  is 
about  1,250  cubic  feet  per  second,  and  at  Pembina  about  2,800. 

Only  two  serious  obstructions  to  navigation  exist  in  the  i)art  of  the 
river  examined ;  1st  Turtle  Biver  Bars,  whose  heads  are  about  50  mile^ 
below  Frog  Point  and  which  extend  down  stream  with  intervals  of  deep 
water  for  a  distance  of  6.8  miles ;  and,  2d.  Pelican  Bars,  which  are  116} 
miles  below  Frog  Point. 

These  bars  are  both  formed  of  clay  which  has  slid  down  from  the 
banks.. 

This  sliding  down  of  the  steep  clay  banks  is  not  caused  by  the  river 
undermining  them,  but  by  the  clay  opening  in  cracks  under  the  influence 
of  fipost  and  drought,  and  afterwards  these  cracks  catching  the  water  dur- 
ing heavy  rains  or  high  water,  which  saturates  and  softens  the  clay  which 
then  slides  into  the  river.  In  some  places  this  sliding  motion  extends  to 
more  than  100  feet  away  from  the  river  bank.    The  current  of  the  river 
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is  too  sluginsb  to  cat  a  deep  channel  throagh  these  clay  lumps.  The 
only  way  to  remove  these  bars  is  by  dredging.  A  channel  75  feet  wide 
and  5  feet  deep  would  be  ample,  and  I  think  the  sides  of  the  cut  would 
not  wa«h  in. 

Besides  these  principal  bars  there  are  here  and  there  a  few  mud  lumps 
which  can  be  easily  removed,  but  whose  exact  location  could  not  be  de- 
termined except  by  a  continuous  survey  of  the  river.  Eight  snags  were 
observed  in  the  river. 

The  following  is  the  estimate  for  improving  the  river  below  Prog 
Point: 

At  Turtle  River  Bars,  68,000  cubic  yards  dredging,  at  50  cents  per  cubic 

yard $34,000  00 

At  Pelican  Bars,  87,000  cubic  yards  dredging,  at  50  cents  per  cubic  yard..  43, 500  00 

Removing  8  snags,  at  $10  each 80  00 

Ten  percent  for  contingencies 7,758  00 

Total 85,338  00 

Detailed  surveys  of  the  sites  of  the  lock  and  dam  proposed  in  my  re- 
I)ort  of  March  4, 1874,  were  made,  together  with  the  necessary  borings 
to  determine  the  character  of  the  underlying  clay. 

The  estimates  of  the  cost  of  the  lock  and  dam  given  in  my  above- 
mentioned  report  have  been  carefully  revised,  and  the  following  is  the 
result: 

FOR  A  LOCK  WITH  CHAMBER    174   FEET  LONG,  50  FEET  WIDE,  AND  A  LIFT  OF  6  FHBT 
TIMBER  FOUNDATIONS,  AND  BRICK  CONCRETE  WALLS  FACED  WITH  TIMBER. 

46,511  cubic  yards  excavation,  at  40  cents  per  cubic  yard $18, 604  40 

1,321,838  feet,  board  measure,  timber,  at  $25  per  M 33,045  95 

10,271  cubic  yards  concrete,  at  $10  per  cubic  yard 102, 710  00 

137,690  pounds  iron  bolts,  at  4  cents  per  pound 5,507  60 

450  linear  feet  sheet-piling,  at  |1  per  linear  foot • 450  00 

Gates  and  fixtures 15,000  00 

175,317  95 

JfOR  a  TIMBER  DAM,  WITH  265  FEET  LENGTH  OF  CREST  AND  CRIB  SHORE-PROTECTIONS. 

682,920  feet,  board  measure,  pine  timber,  at  $25  per  M  (including  sheet- 
piling). $17,073  00 

10,865  oak  pins,  8  inches  long,  at  $12  per  thousand 130  38 

7,420  oak  pins,  16  inches  long,  at  $24  per  thousand 178  08 

53,468  pounds  iron  bolts,  at  4  cents  per  pound 2,138  72 

13, 819  pounds  boiler-plate  (protection  for  crest  of  dam),  at  5  cents  per 

pound 690  95 

3,291  pounds  spikes,  at  4  cents  per  pound 131  64 

161  oak  piles  (driven),  at  $5  each 805  00 

5,774  cubic  yards  excavation,  at  50  cents  i>er  cubic  yard. 2, 887  00 

24,034  77 

The  above  prices  include  cost  of  coffer-dams,  bailing,  &c. 

CoMt  of  lork  and  dam  as  above 199,352  72 

10  per  cent,  for  contingencies 19,935  27 

219,287  99 

The  above  estimate  may  at  first  seem  lar^e,  but  wlieii  it  is  considered 
that  all  the  materials,  excei)t  the  brick,  have  to  be  brought  more  than 
300  miles,  and  that  all  the  labor  must  also  be  brought  from  an  equal 
distance,  the  prices  are  none  too  much. 

The  cost  of  the  examination  of  the  river,  and  the  detailed  surveyi^  of 
the  sites  of  lock  and  dam,  was  $1,906.19. 

Collating  the  estimates  on  my  reports  of  March  4,  1874,  February  8, 
1875,  and  on  this  report,  the  followmg  is  the  estimate  for  the  improve- 
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ment  of  the  uver  £ratm  Bredcenridge  to  the  crossing  of  the  northern 
bonndary: 

Pot  improving  the  river  from  Breckem*iclge  to  Moorhead  for  raft  and  flat- 
boat  navigation 123,  €63  98 

iV>r  imDroving  the  river  from  Moorhead  to  the  head  of  Goose  Rapids.  ••..  4, 428  00 

For  lock  and  dam  below  Goose  Rapids. 219,287  99 

For  improving  the  river  from  Goose  Rapids  to  Frog  Point 32, 880  20 

For  improving  the  river  from  Frog  Point  to  boundary  line 85, 338  00 

Total - 364,598  17 

Appropriated  by  act  approved  August  14^  1876 10,000  00 

Remaining  to  be  appropriated 354,598  17 

By  Jannary  1,  1878,  the  work  of  removing  snags  and  overhanging 
trees  from  Moorhead  to  Frog  Point  will  have  been  completed. 

Should  it  be  determined  to  bnild  the  lock  and  dam  near  Ooose  Bapids, 
at  least  $175,000  should  be  appropriated  in  a  single  sum,  so  that  the 
building  of  the  entire  lock  could  be  contracted  for. 

The  ben^ts  of  the  above  improvements  have  been  fully  set  forth  in 
my  former  reports.  Since  1874  there  has  been  a  tide  of  immigration 
setting  toward  the  Eed  River  Valley,  and  as  a  result^  more  tiian  700,000 
bushels  of  wheat  have  been,  or  will  be,  shipped  from  Fargo,  Moorhead, 
and  that  vicinity,  fix)m  the  wheat  crop  of  1877.  The  improvement  of  the 
river  will  allow  the  marketing  of  the  crops  at  a  rate  that  will  leave  tiie 
farmer  some  profit  for  his  labor. 

The  work  of  examination  was  intrusted  to  Mr.  C.  J.  A.  Morris,  assist- 
ant engineer,  who  deserves  commendation  for  his  energy  and  economy. 

Ko  tracings  are  forwarded  witli  this  report,  as  those  forwarded  with 
my  report  of  March  4, 1874,  showed  the  location  of  tiie  proposed  lock 
and  dam,  and  there  is  nothing  of  interest  to  be  seen  on  the  maps  of  the 
bars  below  Frog  Point.  The  maps  are  all  finished,  and  tracings  will  be 
frmiished  should  it  be  desired. 

Hoping  that  this  report  may  meet  with  your  approval, 
I  am,  very  respectftdly,  your  obedient, 

F.  U.  Farqtjhar, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8,  A. 


Major  of  Efigineern. 


Pi7. 

IMPROVEMENT  OF  SAINT  CROIX  RIVER,  WISCONSIN. 

No  work  was  done  during  the  fiscal  year,  no  ftmds  being  available. 

With  amount  appropriated  by  act  approved  June  18, 1878,  it  is  pro- 
posed to  build  the  brush  and  stone  dams  and  to  remove  submerged 
boom-piers,  estimated  for  in  report  of  examination  made  in  1874  (see 
page  372,  Part  I,  Annual  Eeport  of  the  Chief  of  Engineers,  1875),  as  far 
as  the  funds  will  permit  of. 

The  estimate  for  the  improvement  was  $21,758. 

Money  statement 

Amonnt  appropriated  by  act  approved  June  18, 1878 $10, 000  00 

Jnly  1,  1878,  amount  available 10,000e« 

Amount  (intimated)  reqnire<l  for  completion  of  exist^ns^  project 11, 768  00 

Amount  that  can  be  profitably  expendeil  in  fiscal  yeai  eiding  June  90, 1880.     11, 758  00 
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ANNUAL   KEPORT  OF   CAPTAIN  AMOS  STICKNEY,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNB 

30,  1878. 

United  States  Engiwbbr  Oppicb, 

Keokuk^  lowa^  July  13, 1878. 
General:  I  have  the  honor  to  transmit  herewith  my  annual  report 
of  operations  for  improvement  of  the  Des  Moines  RajJidS,  Mississippi 
River,  for  the  fiscal  year  ending  June  30, 1878. 
Very  respectftilly,  yoor  obedient  servant, 

Amos  Stickney, 

Captmn  of  Engineers. 
Brig.  Gen.  A.  A.  Humpitreys, 

Chief  of  Engineers^  U.  8.  A. 


improvement  of  des  MOINES  RAPIDS,  MISSISSIPPI  RI\TER. 

This  work  was  in  charge  of  Col.  J.  N.  Macomb,  Corps  of  Engineers^  If. 
S.  A.,  finom  the  beginning  of  the  year  till  November  16,  1877,  during* 
which  time  I  had  special  supervision  of  it  as  his  assistant. 

On  November  16,  1877, 1  relieved  him  of  the  charge,  in  obedience  to 
Special  Orders  No.  224,  i)aragraph  3,  dated  Headquarters  of  the  Army, 
Adjutant-General's  Office,  Washington,  D.  C,  October  31, 1877,  and  have 
had  charge  since  that  date. 

The  work  during  the  fiscal  year  has  been  confined  principally  to  placing 
the  canal  in  condition  for  navigation,  which  occupied  firom  July  1  tiU 
August  22,  the  day  of  oi>ening,  and  since  the  latter  date  to  operating 
and  maintaining  the  canal  and  making  repairs  rendered  necessary  by  the 
lifting  of  the  lock  miter-sills.  This  limiting  of  the  work  was  rendered 
necessary  by  the  fact  that  no  8i)ecial  i)rovi8ion  was  made  by  Congress 
for  paytug  the  expenses  of  operating  the  canal  during  the  fiscal  year 
until  April  30,  1878,  when  an  appropriation  of  $7,500  was  made,  suffi- 
cient to  pay  the  exi)en8e  of  the  remaining  two  months  of  the  year. 

During  the  summer  of  1877  the  Mississippi  River  fell  to  a  very  low 
stage.  On  the  Ist  of  August  the  Keokuk  Northern  Line  Packet  Com* 
pany  found  it  necessary  to  withdraw  their  large  steamers  from  the  rap- 
ids, and  a  short  time  after,  the  water  contiuuing  to  fall,  all  navigation* 
on  the  rapids  ceased. 

The  demands  for  the  canal  were  loud  and  urgent,  and  we  put  forth 
every  effort  to  got  it  ready  for  navigation  at  the  earliest  possible  moment. 

A  great  part  of  the  worst  obstructions  in  the  channel  between  the 
head  of  the  canal  and  Montrose,  4  miles  above,  had  been  removed,  and 
although  much  work  yet  remains  to  be  done  there,  a  jiracticable  channel 
was  open  for  boats  not  too  heavily  ladened. 

On  the  9th  of  August  the  canal  had  been  put  into  shape  to  permit  the 
cutting  of  the  guaixl-bank  at  the  head,  thus  allowing  the  water  to  come 
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against  the  giiard-lock  gates,  and  on  the  evening  of  the  10th  the  filling- 
culverts  at  the  head  of  the  canal  were  opene<l  to  fill  the  npper  level  l^- 
tween  the  guard-lock  and  middle  lock,  a  stretch  of  5  miles.  This  level 
was  filled  to  a  depth  of  4  feet  in  20  hours,  and  the  river  embankment 
proved  tight.  On  the  16th  the  lower  level,  about  2^  miles  in  length,  was 
ready  for  the  water,  and  the  middle  lock-sluices  were  oi)ened,  fiUing  the 
level  to  a  depth  or  4  feet.  The  embankments,  lock-gates,  and  miter 
sills  appeared  to  stand  well.  The  work  of  completing  the  lower  lock 
machinery  and  dredging  out  the  guard-banks  required  a  few  days  more. 
In  the  mean  time  the  demands  for  the  use  of  the  canal  were  becoming 
more  and  more  pressing  on  account  of  the  extremely  low  stage  of  the 
river.  The  citizens  of  Keokuk  and  the  Packet  Company  had  determined 
to  celebrate  the  event  of  the  opening  of  the  canal  to  navigation,  and 
finally  the  22d  of  August  was  set  for  the  day. 

Owing  to  an  accident  to  the  distributing  valve  and  the  bursting  of  a 
pipe  in  the  lower  lock  machinery,  it  was  not  until  15  minutes  before  the 
lockage  of  the  first  steamer  that  the  upper  gates  of  the  lock  were  swung 
for  the  first  time  by  the  hydraulic  madiinery.  Fortunately  the  machi- 
nery worked  well  from  the  very  start,  and  has  continued  to  do  so  since. 
On  the  morning  of  the  22d  of  August  the  United  States  snag-boat  Mon- 
tana, having  on  board  Col.  J.  N.  Macomb.  Corps  of  Engineers,  U.  S.  A., 
and  a  numl^  of  his  assistants,  entered  tne  head  of  the  canal  and  came 
down  to  the  lower  lock,  where  she  landed.  At  5  p.  m.  the  Keokuk 
Korthem  Line  steamer  Korthwestem  entered  the  lower  lock  from  below 
and  passed  up  into  the  canal,  amid  much  rejoicing.  The  two  steamers 
were  soon  thronged  with  people  and  started  up  the  canal,  the  Mantua 
in  the  lead,  with  colors  flying,  bands  playing,  and  the  multitude  cheer- 
ing. The  a4ia>ceiit  blufifs  were  lined  with  spectators  to  witness  the  open- 
ing to  the  public  of  this  great  work,  which  had  been  10  years  in  course 
of  construction. 

The  steamers  went  to  the  head  of  the  canal,  then  turned  around  in  it 
in  its  narrowest  part  and  returned  to  the  lower  lock,  where  they  arrived 
at  about  9  p.  m. 

The  steamer  War  Eagle,  with  a  large  delegation  of  people  from  Saint 
Louis  and  other  river  towns,  did  not  arrive  in  time  to  participate  in  the 
opening,  having  got  aground  on  a  sand-bar.  She  reached  Keokuk  about 
9  p.  m.,  and  came  up  outside  to  the  river  embankment,  where  she  tied  up 
abreast  of  the  steamer  ^Northwestern.  The  rest  of  the  night  was  passed 
by  the  assembly  in  speech-making,  music,  and  dancing.  The  next  day 
the  canal  was  thrown  open  for  use  and  the  public  immediately  availed 
itself  of  the  privilege. 

For  the  first  week  or  two  the  operating  of  the  locks  was  much  im- 
peded by  the  mud  deposit,  and  the  large  quantities  of  moss,  lily  pads, 
and  drift-woo<l,  the  accumulation  of  several  years'  growth  in  the  canal, 
which  was  stirred  up  by  the  passage  of  the  boats  and  floated  into  the 
locks.  The  canal  remained  in  operation  till  September  13,  when  an  ex- 
amination of  the  lower  miter-sill  at  the  middle  lock  discovered  the  fact 
that  the  cushion-timber  bad  been  forced  upward  bringing  the  coping- 
coiu«e  of  stone-work  with  it,  lea,ving  an  opening  imder  the  coping-course 
of  3  inches  in  the  center,  diminishing  toward  each  side.  The  water  was 
at  once  drawn  from  the  lower  level  of  the  canal,  a  small  coffer>dam  was 
built  and  the  lock  pumped  out.  The  work  of  repairing  was  pushed  night 
and  day  *,  the  entire  coping-course  was  taken  up,  reset,  and  all  the  old 
iron  dowels  replat^ed  with  the  addition  of  wedges  in  both  ends;  10  addi- 
tional bolts  1^  inches  in  diameter  and  5  inches  in  length  were  placed  in 
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the  cushion-timbers,  and  30  additional  dowels  of  same  size  placed  in  the 
face^conrse  of  the  masonry. 

The  upper  miter-sills  at  middle  and  lower  locks  were  also  examined^ 
and,  showing  signs  of  lifting,  were  strengthened  with  new  bolts  and 
straps,  and  all  joints  regrouted.  The  repairs  were  completed  on  the 
24th  and  the  canal  was  again  opened  on  the  25th. 

The  primary  cause  of  the  displacement  of  the  miter-sills  was  found  to 
be  in  the  imperfect  leading  of  the  long  bolts  which  pass  through  the 
cushion-timbers.  The  bolt«  were  five  feet  long  and  ragged  to  catch  the 
lead,  but  the  lead  chilled  in  pouring  and  did  not  run  half  way  down. 
The  bolts  in  the  masonry  were  about  3^  feet  long,  and  intended  to  secure 
the  top  course^  20  inches  thick,  to  the  bottom  course,  28  inches  thick,  a 
provision  against  sliding :  these  bolts  were  simply  cemented  and  would 
probably  have  answered  their  purpose  if  the  cushion  side  had  not  raised 
and  permitted  the  full  head  oi  water  to  lift  under  the  top  course.  In 
rebuilding  the  masonry  all  of  these  bolts  were  wedged  at  top  and  bottom,, 
and  24  additional  bolts  were  placed  wedged  at  both  ends ;  the  new  bolts 
being  5  feet  long,  If  inches  diameter.  In  the  cushion-timber  a  new  bolt 
of  same  size  was  placed  between  each  two  of  the  old  ones  and  the  old 
ones  were  wedged  at  the  bottom;  all  bolts  being  thoroughly  grouted. 

The  upper  sill  at  lower  lock  was  treated  in  the  same  way,  and  also  the 
upper  sill  at  middle  lock,  except  that  instead  of  placing  the  additional 
bolts  in  the  cushion-timDers  I  placed  a  strap  of  2j-inch  by  |-inch  iron 
and  carried  it  well  down  the  lift-wall. 

The  lower  miter-siU  at  lower  lock  showed  no  signs  of  lifting  until  we 
had  ox>erated  the  canal  a  day  or  two  after  finishing  the  middle  lock.  As 
it  lifted  a  very  little,  I  thought  I  would  be  able  to  weight  it  down  with 
pig-iron,  and  thus  prevent  interruption  to  navigation  till  the  close  of  the 
season,  out  my  efibrts  were  not  successful ;  it  kept  coming  up  slowly,  and 
to  prevent  accidents,  I  found  it  nece«sary.  to  make  repairs  at  once. 

On  the  1st  October  notice  was  given  that  the  canal  would  be  closed 
until  the  15th. 

We  did  not  succeed  in  cleaning  the  canal  of  rafts,  &c.,  until  the  3d 
October,  which  caused  us  a  day  or  two  delay,  when  the  work  of  building 
coffer-dams  was  at  once  commenced. 

In  order  to  accommodate  the  current  business  of  the  boats,  a  coffer- 
dam was  to  have  been  placed  at  the  head  of  the  lower  lock  to  retain  the 
water  in  the  lower  level,  so  that  freight  could  be  transferred  across  the 
canal-bank  at  the  foot  of  the  rapids.  This  dam  was  commenced,  and[at 
least  one-half  of  it  completed,  when  it  was  discovered  that  the  lower 
miter-sill  at  the  middle  lock  was  not  yet  secure.  This,  of  course,  made  it 
necessary  to  draw  oft'  the  water  from  the  lower  level,  and  cease  operating 
the  canal  in  the  lower  level  entirely  until  the  repairs  to  the  miter-sills 
were  completed. 

At  the  middle  lock  an  earthen  embankment  was  placed  surrounding 
the  lower  miter-sill,  and  when  the  water  was  pumped  out  the  condition 
of  the  sill  was  found  to  be  as  follows :  The  cushion-timbers  were  raised 
from  1  to  2  inches,  being  highest  at  center  of  lock.  A  few  of  the  stone 
of  the  coping  course  were  raised,  the  highest  being  about  1^  inches 
above  its  proper  position.  Many  of  the  vertical  joints  of  cement  and  a 
considerable  portion  of  the  bed-joints  had  been  washed  out,  and  one  or 
two  stones  had  settled  down  a  little.  The  cement  used  in  repairing  this 
Bill  was  of  the  best  brand  of  the  Louisville  Mills,  and,  as  it  seemed  to 
set  well  while  using  it,  I  was  very  much  surprised  to  find  that  it  had 
washed  out.  Four  or  five  of  the  bolts  in  the  cushion-timbers  were  loose 
enough  to  be  extracted,  though  with  considerable  difficulty;  others  could 
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be  dJpawu  up  an  inch  or  two,  and  the  rest  ooioM  not  be  mored  by  serene 
ing  on  the  nuts  with  a  wrench  having  a  lever  of  4  feet  and  tnnied'  by  9 
■ien. 

In  making  repairs,  I  fonnd  it  impractieable  to  rebniM'tlie  coping  oonsM 
irHthout  breaking  the  stone  all  to  pieces  and  consuming  much  time; 

The  stone  all  being  sound  and  not  mttcb  out  of  place,  I  ccmcluded  not 
to  move  Hietti;  but  to  bolt  them'  down  more  securely  and  grout  th^  joints 
as-  well  as  possible,  so  as  to  make  the  sill  hold  until  ibe  close  of  the  sea- 
son of  nafvigation  would  give  an  opportunity  for  more  complete  repsdrs. 
In  pursuance  of  this,  I  placed  in  each  cushion-timber  17'  additional  bolts, 
amd  in  each  stone  of  the  whole  coping  2  additional  bolts.  These  boltB, 
are  7  fbet  long^  1  j  inches  diameter,  <Mven  on  a^^inch  w^ge,  with  screw- 
thread  on  top  wi^  nut  and  washer,  the  washer  on  stone  being  of  boiler 
plate  5  inches  square. 

The  bolts  were  put  in  the  holes  hot  and  sulphur  poured  around  th^m. 
Since  the  resumption  of  navigation,  many  examinations,  made  with  the 
levels  and  by  a  diver,  have  not  discovered  any  lifting  of  this  siil,  though' 
there  was  some  leaka^  under  the  coping  course  at  ik)ints  not  reached' 
by  the  grouting. 

At  tl^  lower  lock  a  coflter-dam  was  placed  between  the  wing-waHs  he- 
low  the  lower  gates  and  the  lock  pntnped  out.  The  cushion-timbeiB  of 
the  miter-sill  were  found  to  be  up  fixjm  2  to  3  inches,  and  t^e  whole  cop- 
ing raised  bodily,  as  in  the  first  instance  at  the  middle  lock.  In  the 
center  it  had  raised  ^m  its  bed  about  1^  inches,  diminishing  t>o  nothing- 
at  the  chamber  walls.  The  vertical  joints  were  unbrokeni  As'  at  the 
middle  lock,  the  leading  of  the  bolt^  was  an  absolute  failure,  the  lead- 
having  chilled  and  blocked  up  the  holes  without  reaching  the  bottom. 

Kepairs  consisted  in  grouting  the  bod-joint,  and  i>lacing  101  addition^.' 
bolts  along  the  faces  of  the  wall.  Pine  wedges  were  driven  into  the 
bed-joint,  those  on  the  lower  side  being  confined  by  3-inch  plank  fitted 
against  the  stone  and  bolted  dbwn.  The  grouting  of  the  bed-joint  was 
accomplished  by  drilling  holes  through  the  coping.  The  bolting  was 
similar  to  that  at  middle  lock,  except  that  the  bolts  in  the  coshion-tim- 
b^s  and  the  stone  immediately  back  of  them  were  1^  inches  diamet^, 
and  only  10  additional  ones  were  placed  in  each  cushion-timber. 

The  hold  of  every  bolt  was  tested  before  panning  sulphur,  by  3  men 
turning  the  nut  with  a  wrench  having  a  lever  of  5  feet.  Advantage 
was  tjiken  of  this  opportunity  to  make  the  upi>er  sill  still  more  secure  by 
adding  22  bolts,  and  placing  3  additional  straps  on  each  cushion-timber. 
An  examination  of  the  culverts  of  this  lock  showed  that  the  concrete 
bottom  had  been  considerably  washed  out,  and  would  need  attention. 
All  repairs  were  completed  and  the  canal  oi>ened  for  navigation  on  the 
morning  of  October  18. 

During  these  rei)airs  the  whole  force  was  at  work  night  and  day  with- 
out cessation. 

The  canal  remained  in  continuous  and  successfiil  operation  from  Oc- 
tober 18  to  December  10,  when  it  was  closed  for  the  winter. 

The  navigation  of  the  river  above  this  point  ceased  after  November 
30;  the  canal  was  virtually  closed  for  through  business;  but,  in  order  to 
accommodate  boats  wishing  to  harbor  in  the  canal  and  on  account  of 
the  movemements  of  the  dredge,  the  locks  were  kept  open  until  the  10th 
December.  Two  large  side-wheel  steamers  and  several  smaller  craft 
took  advantage  of  the  privilege  and  harbored  in  the  canal  during  the 
winter  for  safety  from  ice. 

Substantial  coffer-dams  were  constructed  during  the  month  of  Decem- 
ber across  the  head  and  foot  of  the  canal,  for  the  puri>ose  of  making  « 
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thorough  examination  of  the  entire  work,  making  such  repairs  or  altera- 
tions as  might  he  found  to  be  necessary,  and  completing  unfinished 
work. 

A  low  coflfer-dam  was  also  placed  at  the  middle  lock. 

An  examination  at  the  guard-lock  showed  that  the  upper  and  lower 
miter-sills  and  cushion-timbers  had  not  moved,  but  they  were  given  ad- 
ditional security  by  adding  new  bolts,  as  was  done  at  the  miter-sills  of 
the  other  locks. 

The  bolts  in  the  cushion-timber  and  face-stone  were  of  If -inch  diame- 
ter, in  the  other  stone  1^-inch  diameter,  at  least  2  bolts  to  each  stone. 
The  bolts  are  7  feet  long,  driven  on  wedges,  and  firaily  secured  by  point- 
ing melted  sulphur  around  them,  the  nuts  at  top  being  screwed  down 
tirmly  on  wrought-iron  washers. 

Water  compartments  were  built  in  the  gates  in  order  to  give  addi- 
tional weight  when  the  pressure  was  on  them,  and  thus  help  to  counter- 
act the  lifting  tendency. 

The  middle  lock  was  pumped  out  and  a  general  examination  made. 
The  concrete  bottom  of  the  culverts  was  found  to  be  washed  out  some- 
what in  places,  but  not  enough  to  require  repairs. 

Water  compartments  were  built  in  the  lower  gates  as  at  the  guard- 
lo(*.k.  The  lower  miter-sill  at  this  lock  is  the  one  that  was  most  distiu'bed 
by  lifting  last  fall.  An  examination  showed  that  it  had  not  moved  since 
the  repairs  of  last  October. 

The  bed-joint  under  the  coping  course  was  found  to  be  open  in  places 
where  the  grout  had  not  found  its  way.  It  was  regrouted  as  thoroughly 
as  possible,  and  a  calking  of  oakum  driven  under  the  cushion-timber. 

An  examination  at  the  lower  lock  showed  that  the  concrete  bottom  of 
the  culverts  was  very  badly  washed  out  in  places. 

The  concrete  seems  to  have  been  miserably  made  and  placed.  In 
some  placies  which  had  not  yet  washed  out  a  stroke  of  the  pick  would 
produce  a  sound  indicating  a  hollow,  and  upon  remo\ing  an  upper  crust 
a  thin  stratum  of  mud  was  disclosed,  showing  that  the  surface  had  not 
been  ])ro])erly  cleaned  before  placing  the  concrete. 

This  was  the  first  lock-work  done  on  this  canal,  and  it  was  under  the 
contract  of  Ephraim  Owen^  since  deceased.  From  what  I  have  heard  of 
the  man,  the  closest  watching  would  not  always  secure  good  work.  The 
repairing  of  the  culverts  with  good  concrete,  well  rammed,  was  thoroughly 
done. 

The  miter-giills  showed  no  disturbance  since  the  October  repairs;  but 
little  grouting  was  required,  and  calking  under  the  cushion-timbers, 
and  a  trench  4  feet  wide  was  excavated  in  the  old  concrete,  immediately 
in  front  of  the  lower  miter-sill,  which  was  refilled  with  good  concrete  care- 
fully place<l. 

Water  compartments  were  built  in  the  lower  gates  as  at  the  other 
locks.  About  the  Ist  of  March,  1878,  the  work  of  removing  the  dams  at 
the  entrances  of  the  canal  was  commenced  and  all  necessary  preparations 
were  made  for  resuming  navigation. 

The  canal  was  open  for  day  na\'igation  March  15,  and  has  been  in 
continuous  and  highly  succ^essful  operation  since. 

On  the  4th  April  a  night  force  was  put  on.  The  lighting  of  the  locks 
at  night  is  accomplished  by  means  of  4  small  locomotive  head-lights. 
They  are  phK»ed  about  12  feet  above  the  lock  walls,  just  back  of  the  cen- 
ter of  the  gate  recesses,  and  inclined  slightly  forwai'd  to  throw  the  light 
downward.  They  are  fastened  on  stands,  which  tiu^n  easily  on  a  vertical 
axis,  so  that  the  light  can  be  thrown  in  any  direction  to  facilitate  the 
entrance  or  exit  of  boats. 
47  b 
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Two  or  three  more  lights  of  the  street-lamp  pattern  will  be  added  to 
light  up  the  lock  walls. 

Since  the  repairing  of  the  miter-sills  last  October,  the  canal  has  been 
in  actual  operation  about  4J  months,  during  which  time  everything  has 
worked  in  the  most  satisfactory  manner. 

The  largest  steamers  are  passed  through  the  locks  in  about  ten  minutes, 
and  on  i)articular  occasious  have  been  passed  through  in  shorter  tnue. 
They  pass  the  whole  leugth  of  the  canal,  7.6  miles,  including  3  lockages, 
in  a  little  less  than  two  hours. 

Small  steamers,  which  are  more  easily  handled,  have  made  the  passage, 
in  a  httle  over  one  hour.  The  question  of  the  advisability  of  allowing 
log  and  lumber  rafts  to  use  the  canal  was  one  of  some  doubt  previous  to 
the  opening,  but  the  first  trial  proved  that  they  coiUd  be  readily  passed 
without  interfering  with  steamboats.  Of  course  their  passage  through 
the  locks  consumes  some  time,  as  they  have  to  be  divided  into  sections, 
which  are  pushed  into  the  locks  by  their  tow-boats,  and  pulled  out  b}- 
hand.  No  steamer  is  obUged  to  wait  for  more  than  one  section  to  pass. 
Rafts  do  not  care  to  use  the  canal  excei)t  when  the  water  is  very  low  ou 
the  rapids.  Passenger  steamers,  on  the  contraiy,  use  the  canal  almost 
all  the  time  rather  than  take  even  small  risk  on  the  rai)ids,  and  to  escape 
the  swift  current.  The  matter  of  tolls  on  this  work  was  settled  during 
the  earlier  part  of  the  construction  of  the  canal,  by  a  proviso  in  one  of 
the  appropriation  bills  which  required  "  That  any  canal  that  may  be 
constructed  around  said  Des  Moines  or  Lower  Bapids  of  the  Mississippi 
Eiver  shall  be  and  forever  remain  free  to  the  navigation  and  commerce 
of  said  river,  and  no  tolls  shall  ever  be  collected." 

This  provision  of  Congress  makes  it  necessary  to  hav^e  annual  appro- 
priations of  money  to  pay  the  expenses  of  oi)erating  and  maintaining 
the  canal. 

The  estimated  annual  cost  is  $40,000,  which  provides  foE  ordinary- 
repairs. 

ITie  cost  of  operating  and  maintenance  for  the  fiscal  year  ending  30th 
June,  1878,  was  $47,505.  Only  $7,500  was  specially  provided  for  the 
operating  expenses,  so  that  the  remainder,  $40,065,  was  taken  from  funds 
provided  for  construction,  and  should  be  replaced. 

PRESENT  CONDITION  OF  THE  WORK. 

The  present  condition  of  this  work  is  as  foUows,  viz :  The  canal  proper 
is  in  thoroughly  good  condition  for  navigation.  The  river  embankment 
is  below  grg^e  in  some  places,  and  the  riprap  wall  on  canal  side  is  only 
built  up  to  8  feet  above  canal  bottom.  It  is  essential  that  it  should  be 
built  at  least  2  feet  higher  as  soon  as  practicable,  to  prevent  wash ;  above 
that  point  the  wall  may  be  finished  at  leisure.  A  great  deal  of  wall  remains 
to  be  built  on  the  river  side,  but  as  the  embankment  is  well  protected, 
except  in  one  or  two  places,  by  rough  riprap,  the  building  of  the  wall  is 
not  at  once  necessary. 

The  machinery  at  the  lower  and  middle  locks  is  complet-ed  with  the 
exception  of  that  nex^essary  to  oi)erate  the  sluice-gates.  The  machinery 
at  the  guard-lock  is  in  position,  with  the  exception  of  the  pumping-en- 
gine,  pimip,  and  distributing-valve,  and  some  other  minor  parts.  The 
lock-grounds  are  not  yet  completely  graded  nor  inclosed.  The  channel 
between  the  head  of  the  canal  and  Montrose,  though  practicable,  requires 
the  remov^al  of  a  large  quantity  of  rock,  some  of  which  has  been  chisel^ 
and  is  ready  to  be  dredged  up. 

It  is  contemplated  dining  the  present  season  to  build  the  embank- 
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raent-wall  about  2  feet  higher,  to  flnish  up  the  lock-grounds,  inclosing  at 
least  the  lower  lock-grounds,  to  finish  the  guard-lock  machinery  and 
engine-house,  to  dredge  up  as  much  as  possible  of  the  chiseled  rock  in 
channel  above  head  of  canal.  This  work  to  be  done  in  addition  to  the 
operating  and  maintainiug  the  canal. 

The  work  done  upon  the  improvement  during  the  past  year,  in  detail, 
is  as  follows,  viz: 

LAYING  BIPRAP  WALL. 

Work  was  pushed  as  rapidly  as  the  stone  could  be  obtained  and  laid, 
and  during  the  month  of  July  tlie  wall  was  fluished  to  abont  8  feet  above 
grade,  along  the  inside  of  the  river  embankment,  from  the  giuird  to  the 
lower  locks,  when,  as  the  locks  were  not  quite  ready  for  the  water  and 
there  being  some  stone  left  from  a  former  contract  on  the  shore  side  of  the 
canal,  the  force  was  transferred  to  that  side  and  as  much  of  the  ex[)osed 
shore  banks  of  the  excavation-pits  protected  by  riprap  wall  as  could  be 
done  up  to  the  time  of  filling  the  prism.  * 

During  the  winter  months  while  the  water  was  out  of  the  canal  repairs 
to  the  riprap  were  made  in  some  places  where  the  wall  had  been  found 
too  low,  and  at  others  where  it  had  been  crushed  by  boats  or  rafts  strik- 
ing it.  These  repairs  were  made  as  well  as  possible  w^ith  the  material  on 
hand,  as  new  material  could  not  be  delivered  until  reopening  of  naviga- 
tion. 

THE  FINISHING  OF  THE  PRISM 

was  carried  on  at  the  same  time  as  vigorously  as  possible,  such  as  the  re- 
moval of  temporary  cross-banks  at  head  and  foot  of  the  canal,  and  some  at 
intermediate  points,  which  had  been  placed  there  for  i)rotection  during  vmi- 
struction  of  the  work ;  also  the  removal  of  bowlders,  a  large  growth  of  wil- 
lows and  weeds,  old  stumps,  drift  logs,  a  portion  of  the  sand-bars,  and  gen- 
eral debris,  the  accumulation  of  ten  years.  This  work  should  have  been 
commenced  sooner,  as  it  was  of  greater  magnitude  than  anticipated,  and 
considerable  annoyance  was  experienced  in  opierating  the  gates  of  the  locks 
with  their  peculiar  machinery,  on  account  of  the  weeds,  sand,  &c.,  being, 
canned  into  them  by  the  water  and  boats  passing  through.  The  filling 
of  the^opening  in  the  bank  which  had  been  left  for  the  puqwse  of  allow- 
ing the  water  to  pass  out  of  the  canal  during  construction,  as  well  iis  the 
removal  of  the  heavy  cross-bank  just  above  the  lower  lock,  w^as  accom- 
plished between  the  0th  and  15th  of  August,  1877,  after  which  the  water 
was  let  in  and  the  level  rapidly  filled. 

While  the  canal  was  in  operation  during  the  months  of  August,  Sep- 
tember, Octol)er,  and  iN^ovember,  1877,  the  steam-dredge  was  constantly 
in  service  and  did  excellent  work  in  removing  remains  of  cofifer-dams  in 
channel,  both  at  the  Montrose  and  Nashville  dam  No.  2,  as  well  as  at  the 
lower  lock  coffer,  which  materially  helped  the  steamers  to  use  the  ap- 
proaches to  the  canal  upon  the  opening.  The  accumidation  of  mud  and 
sand  below  the  lower  lock  was  also  partially  removed,  giving  a  narrow 
but  deep  channel  to  the  chaml)er  of  the  lock;  and  again  during  the 
month  of  October,  when  the  canal  was  closed  for  repairs,  the  dredge  was 
of  invaluable  service  in  quickly  placing  and  remo\ing  the  temporary  cof- 
fers placed  at  the  locks  for  kee^iing  out  the  water  while  work  was  going 
on.  Since  then,  except  wiien  laid  up  on  account  of  ice,  bad  weather,  or 
the  lack  of  funds,  the  dredge  has  been  actively  and  indispensably  em- 
ployed in  deepening  and  widening  the  channel  wherever  it  had  been 
obstructed  by  bars  formed  from  the  lateral  streams  emptying  into  the 
canal. 
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Tlic  uewly-constnicted  diunp-scows  have  been  in  nse  for  the  past  two 
weeks.    The  steamer  Cricket  is  employed  towing  them. 

During  the  month  of  January,  1878,  a  trench  was  blasted  across  the 
canal  at  station  338, 4  feet  below  grade,  for  the  purpose  of  protecting  the 
water-pii)e  leading  from  the  Mississippi  Brew^eiy  to  the  river  from  irost 
The  yearly  freezing  of  this  pipe  has  been  a  source  of  expense  to  the  gov- 
ernment and  anxiety  to  the  i)roprietor  of  the  property.  It  is  considered 
safe  from  frost  now. 

GUARD-LOCK. 

At  the  beginning  of  this  year  there  was  still  remaining  a  small  amount 
of  work  to  be  done  to  complete  the  guard-lock.  The  slope- wall  connect- 
ing the  lower  inside  vertical  wall  with  the  canal  bank  and  the  sloi)e^  and 
riprap  wall  connecting  the  upper  inside  vertical  wall  with  the  dike  were 
completed. 

The  grading  immediately  about  the  lock  walls  was  done  to  cover  the 
water-pipes  and  prevent  their  injury  by  frost.  The  rock  l>etween  the 
lower  wing- walls,  where  the  excavation  changes  from  lock  bottom  to  canal 
bottom,  had  been  left  in  a  rough  and  irregular  condition ;  enough  of  it  was 
taken  out  to  ease  it  up  so  that  the  water  might  have  an  unobstructed 
flow  from  the  lock  while  being  emptied.  In  connection  with  this  a  bed 
was  excavated  in  the  rock  below  the  canal  grade  on  which  to  rest  the 
water-pipes  whicih  transmit  the  water  for  operating  the  hydraulic  cylin- 
ders on  the  side  of  the  lock  opposite  the  engine-house. 

The  force  employed  at  constructing  the  lock-gates  completed  their  work 
by  August  1.  All  that  was  necessary  to  do  to  them  was  to  complete  the 
lower  gates  of  the  guard-lock.  The  plank  was  to  be  put  on  the  upi)er 
sides,  the  wickets  to  be  put  in,  and  the  rods  to  suspend  them  fi-om  the 
columns,  and  all  to  be  thoroughly  painted. 

SNUBBING-POSTS. 

Tliere  were  placed  17  cast-iron  snubbing-posts  at  each  the  lower  and 
guard-locks,  and  16  at  the  middle  lock.  They  were  located  at  the  most 
convenient  points  where  they  are  used  in  holding  vessels  while  in  or 
entering  the  locks.  They  are  placed  on  the  back  line  of  the  coping  ou 
the  walls,  and  stand  2  feet  above  it.  They  have  a  flange  i)rojection 
which  rests  on  the  wall,  and  the  shaft  enters  the  masonry  about  3  feet, 
one-half  let  into  the  coping  and  the  other  half  into  a  stone  3  feet  long 
by  1  foot  6  inches  wide  jointed  on  back  of  it,  and  tliat  fastened  to  the 
coining  Avith  clamps  made  from  2  feet  by  J  foot  flat  iron,  and  secured  \iith 
lead.  There  are  also  a  number  of  oak  snubbing-posts  placed  some  dis- 
tance above  and  below  the  locks  on  each  side  of  the  canal.  The  old 
timber  delivered  to  build  the  lock-gates  and  afterward  condemned  was 
utilized  for  this  purpose. 

ENGINE  HOUSES. 

In  connection  with  the  work  that  was  being  done  at  the  guard-lock 
there  was  a  force  employed  at  dressing  stone,  excavating  for  tlie  founda- 
tion, and  building  the  walls  of  the  engine-house  and  cistern ;  the  plan 
being  essentially  the  same  as  of  those  built  at  the  lower  audi  middle 
locks.  They  are  put  up  in  the  most  substantial  manner.  The  building 
was  inclosed,  the  smoke-stack  completed,  and  the  slate  roof  put  on  by 
November  1. 
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The  opening  of  the  canal  being  of  first  importance,  such  parts  of  the 
work  necessary  to  accomplish  this  was  done  that  navigation  might  have 
the  benefit  of  the  canal  during  the  low- water  season.  The  remains  of 
the  upper  end  of  the  old  INTashville  cofifer-dam  had  to  be  removed  to  safely 
admit  the  large  class  of  boats,  and  the  guard-bank  at  the  head  of  the 
canal  was  to  be  taken  out.  On  the  28th  of  July  the  dredge-boat  just 
purchased  for  use  on  this  improvement  was  put  at  work  removing  the 
cofter-dam,  and  in  the  mean  time  a  force  of  men  with  teams  was  put  at 
work  removing  the  guard-bank  down  to  the  water  line,  using  the  material 
to  fill  behind  the  lock- walls.  The  bottom  was  taken  out  with  the  dredge- 
boat.  Thus  was  all  completed  by  August  10.  The  dredge-boat,  the  first 
boat  ever  regularly  locked  through  one  of  the  locks,  passed  thi-ough  the 
middle  lock  August  21. 

MACHINERY. 

Tlie  work  of  preparing  the  machinery  for  operating  the  lock-gates  was 
carried  on  as  rapidly  as  possible. 

At  the  guard-lock  this  work  was  as  follows :  Tlie  iron  guiding  circles 
for  the  chains  which  operate  the  lock-gates  were  placed  in  position  on 
stone  foundations,  resting  on  l>ed-rock  at  bottom  of  the  lock,  and  firudy 
secured  by  bolts.  The  operating  chains  were  secured  by  a  device  which 
allows  of  their  removal  at  any  time* 

The  hydraulic  cylinders  were  set  in  position  and  secured,  the  pistons 
placed  in  the  hydraulic  cylinders,  the  24-inch  culv^ert  j)ulleys  fastened  on 
the  coping,  and  pipe  connections  made  between  the  cylinders  and  engine- 
house.  The  cistern  supply-pipe  was  laid,  the  pulleys  on  bottom  of  gates 
adjusted,  and  all  work  which  would  be  covered  by  water  after  the  canal 
was  filled  was  completed.  The  filling  culverts  were  provide<l  with  a 
temiK)rary  arrangement  for  niising  and  lowering  them,  and  they  were 
opened  for  the  first  time  on  the  10th  of  August. 

At  the  middle  lock  the  machinery  for  operating  the  lock-gates,  having 
been  tested  repeatedly,  was  in  condition  to  work  easily  and  with  cer- 
tainty. The  sluice-gates  were  put  in  place,  and  on  August  10  were 
closed  as  were  the  lock-gates  and  ciUverts,  thus  retaining  the  waiter  which 
was  being  admitted  to  the  upper  level  through  the  guard-lock  filling-cul- 
verts. 

At  the  lower  loch  the  final  adjustment  of  the  machinery  was  made  and 
trials  had  of  the  new  distributing  valve  and  culvert  mticliinery.  Owing 
to  the  delays,  which  were  caused  by  slight  accidents,  it  was  not  possible 
to  give  the  usual  preliminary  tests  to  the  machinery  operating  the  lower 
gates,  which  are  the  heaviest  on  the  canal.  The  entire  night  of  August 
21  was  si)ent  in  trying  to  force  the  gates  through  the  thick  mud  which  lay 
at  the  bottom  of  the  lock,  and  it  was  not  imtil  the  day  of  the  opeinng,  August 
22,  at  4  p.  m.,  that  the  gates  were  successfiUly  operated.  Subseipient  to 
the  opening  of  the  canal  the  lower  and  middle  locks  were  operated  with 
only  occasional  slight  delays  until  September  13,  during  this  period  the 
water  in  the  river  being  at  such  a  low  stage  as  to  admit  of  the  guard- 
lock  gates  being  left  open  for  the  i)assage  of  boats  directly  into  the  upper 
level  without  lockage. 

The  delays  which  I  have  mentioned  as  occurring  at  the  middle  and 
lower  locks  were  unavoidable,  being  caused  by  drift-wood  and  water- 
plants,  which,  torn  up  by  the  wheels  of  i>assing  steamboats,  were  pushed 
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clown  to  the  locks,  sometimes  forming  an  almost  solid  mass,  9  or  10  feet 
in  tlii(ikne8s,  directly  in  front  of  the  lock-gates. 

The  process  of  breaking  up  these  jams  was  a  slow  one,  but  eventually 
the  material  was  all  floated  out  of  the  e^nal.  The  mud,  which  liad  ac- 
cumulated in  the  lower  lock  aince  its  completion,  now  began  to  wa.sh 
down  toward  the  lower  gates,  and  packed  solidly  around  them.  Tbis 
mud  was  of  the  consistency  of  brick  clay  from  the  pressure  it  receivt»(l 
while  mo\ing  the  gates  through  it,  and  it  prove<l  a  serious  obstiicle  for 
a  while,  ciiusing  breakages  of  wire  rope,  pulleys,  &c.  The  services  of  a 
diver  were  obtained  to  repair  such  bn*akages  as  were  under  water,  and 
consequently  otherwise  beyond  reiich.  In  this  connection  I  would  men- 
tion that,  as  it  was  fimnd  lulvisable  to  have  a  diver  alwaj's  within  reach 
for  sudden  emergencies,  one  of  our  o\>ti  men  was  instructed  in  the  art. 
A  complete  outfit  of  diving  ap])aratus.  consisting  of  air-i)ump,  annor, 
and  api)iu'tenances,  was  purchased,  ana  all  such  work  has  since  been 
done  quickly  and  at  a  very  slight  i^xpense. 

The  machinery  at  the  locks  worked  very  well,  and  no  delays  were  ex- 
perienced in  x)assing  boats.  The  lower  gates  at  loAver  lock  were  moved 
without  difficulty  after  the  mud  had  been  removed  from  around  them. 

The  machinery  for  operating  the  filling  culverts  at  the  head  of  the 
canal  was  set  up  and  connected  diuing  the  ^Wnter  and  satisfiictory  tests 
of  its  workings  made.  The  fllhng  culverts  are  6  in  numlM?r,  the  aperture 
of  each  being  6  feet  by  3  feet,  or  18  sqiuire  feet  area.  Each  culvert  is 
covered  by  a  sliding  gate,  similar  in  design  to  the  recess  culvert-gsites 
at  the  locks. 

At  the  top  of  each  gate  is  attached  a  wrought-iron  rod  2.J  inches  di- 
ameter, on  the  upi)er  end  of  which  is  a  strong  cast-iron  rack  working 
into  a  loose  x>inion :  a  4.J-inch  wrought-ircm  shaft  extends  along  the  top  of 
the  wall,  sui)X)orted  at  intervals  on  i)edestals,  which  are  bolted  down  to 
the  Avail.  On  this  shaft  the  loose  junions  al)ove  referred  to  are  carried, 
and  they  are  tlirown  into  gear  by  a  clutirh  worked  by  a  lever,  so  that 
any  i)articular  gate  or  all  the  gates  C4ui  be  raised  or  lowered  at  will. 
The  main  shaft  by  which  motion  is  (*ommunicated  to  the  pinions  is  oi>er- 
ated  by  a  double-geared  crab  or  Avindlass,  which  two  men  can  handle  easily, 
raising  from  2  to  4  gates  at  once.  B}'  doubling  the  power  on  the  cnuiks 
of  windlass  all  the  gates  can  be  raised  during  any  but  an  extreme  high 
stage  of  water  in  the  river,  and  one  or  more  gates  can  be  operated  against 
the  greatest  possible  pressure  which  can  be  Immght  to  l)ear  on  them. 

The  guard-lock  machinery  not  being  comideted,  spars  and  etii>stans 
were  constructed  and  put  in  i)osition  for  operating  the  lock-gates  by 
hand,  and  have  worked  well. 

REPAIRS  OF  MITER-SLLLS. 

An  examination  of  the  lower  miter-sill  middle  lock  on  September  13 
proved  that  the  entire  coping  course,  which  is  formed  of  large  stones,  20 
inches  in  thickness,  had  been  disi)laccKl  vertically,  being  3  inche^s  frtmi 
its  bed  in  the  center  of  the  lock,  sloping  to  either  side,  the  vertical  joints 
of  cement  being  unbroken. 

The  lower  level  of  the  canal  was  first  drawn  off  and  a  small  coffer-dam 
constructed  across  the  lower  end  of  the  lock ;  it  wa«  found  necessary, 
however,  to  draw  off  the  ui)per  level,  which  was  accordingly  done,  anil 
the  lo(;k  i>umped  out.  A  force  of  laborers  was  employee!,  a  derrick 
l)laeed  in  position,  and  the  coping  course  of  miter-sills  removcnl  and 
afterwards  carefully  reset  with  Louisville  c<^iment,  the  joints  Imng  caixjfully 
grouted.    The  old  dowels  and  bol  ts  in  the  cushion  ti  mbers  and  stone  haxiug 
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been  removed  were  rei)laced,  and  additional  new  lx)lta  also  fastened  into 
the  bed-rock  with  wedges.  At  this  time  also  the  ni)])er  miter-silLs,  at 
middle  and  low^er  locks,  were  secured  by  means  of  ailclitional  bolts  an<l 
dowels,  and  the  cushion-timbers  fastened  down  with  2i  inches  by  fj  inch 
wrought-u'on  straps  extending  down  9  feet  below  tlie  toj)  of  miter-sill 
wall  and  bolted  to  the  face  of  the  wall  with  heavy  bolts  driven  with 
wedges.  The  work  of  resetting  stone,  regrouthig  joints,  and  placing 
l)olts  was  i)rose<*uted  day  and  night,  without  intermission,  imtil  it  was 
completed  and  the  canal  opened  to  navigation  September  25. 

During  the  latter  i)artof  the  month  of  September  careful  observations 
with  a  level  disclosed  the  fact  that  the  lower  miter-sill,  lowc»r  lock,  had 
been  disturbed  by  the  pressure  of  the  water.  Witli  the  hoi)e  that  the  dis- 
placement might  be  checked,  at  leawt  until  a  higher  stage  of  water  in  the 
river  would  enable  steamers  to  x>ass  over  the  rapids,  the  miter-sill  was 
loaded  with  some  20  tons  of  iron,  consisting  of  car-wheels  and  pig-iron 
bound  in  fagots  weighing  800  i)ounds  each.  These  were  lowered  from 
a  flat-boat,  a  diver  below  placing  them  in  position  along  the  upi)er  edge 
of  miter-sill,  and  extending  over  the  cushion-timbers.  It  was,  however, 
found  impossible  to  prevent  the  cushion-timber  and  miter-sills  from  slowly 
lifting,  and  it  became  necessjuy  to  again  close  the  canal,  which  was  done 
on  the  3d  of  October.  After  the  construction  of  a  coffer-dam,  and  the 
lock  being  pumped  out,  all  the  machinery  under  the  water-line  wiks  thor- 
oughly examined,  and  necessary  rex>airs  made,  and  additional  holding- 
down  strai)s  were  fastened  to  the  inm  plates  which  sui)port  the  machinery 
in  the  towers.  As  soon  as  the  lower  miter-sill  coidd  be  got  at,  an 
examination  disclosed  that  the  entire  coping  had  been  raised  alwmt  IJ 
inches  in  the  center  or  ai)ex,  gradually  growing  less  towanl  the  chamber 
walls.  All  of  the  vertical  johits  were  unbroken  and  in  good  comliti(m  ; 
and  in  making  the  rei)airs  it  was  thought  best  not  to  sei)arate  them  and 
remove  the  coping  and  relay  it  again  as  was  previously  done  at  the 
middle  locrk.  On  the  up]K*r  and  lower  side  of  the  sill  the  bed-joint  was 
calked  with  long  tapering  wedges  nmde  of  perfectly  dry  pine  and  driven 
as  hard  as  the  w^ood  would  stand  with  sledges ;  all  of  the  debris  forced 
into  this  joint  by  the  pressiuxi  of  water  being  i)reviously  removed  as 
thoroughly  as  possible  before  the  wedges  were  tlriven,  and  as  much  grout 
as  possible  was  forced  into  the  opening  between  the  courses  of  stone. 

The  coping  was  then  bolted  down  with  101  IJ-inch  and  IJ-uich  bolts 
7  feet  long,  with  a  fox-wedge,  the  bolts  entering  the  bed-rock  more  than 
2  feet.  They  were  driven  very  hard  while  hot,  and  tested  to  see  if  each 
bolt  had  a  good  finn  hold,  and  then  melted  suli)hur  iwiu'ed  around  them 
until  the  holes  were  entirely  filled. 

The  coping  on  the  upi>er  miter-sill  wa*s  secured  in  the  same  manner, 
but  with  fewer  bolts.  During  the  time  the  lock  was  pumped  out  an  ex- 
cellent ox)portunity  was  aftbrded  to  remove  a  iH)rtion  of  the  mud  that  had 
accumulated  in  the  bottom  of  the  lock  and  w  as  the  only  cause  of  the 
gates  not  working  with  perfect  freedom. 

A  force  of  men  was  put  at  work  removing  it,  and  succeeded,  while  the 
lock  was  pumi>ed,  in  working  it  out  to  some  distance  above  the  apex  of 
the  gate-recesses.  This  mud  was  from  1  to  3  feet  deep,  and  the  gates 
had  to  be  forced  through  it.  It  was  filled  with  brush  and  water-soaked 
sticks,  which  were  constantly  getting  foul  of  the  chains  and  pulleys  on 
the  bottom  of  the  gates. 

In  consequence  of  the  great  demand  for  the  use  of  the  canal,  and  the 
loud  and  villifying  complaints  made  by  the  steamlwat  men  on  account  of 
the  closing  of  the  canal,  as  large  a  force  of  men  as  could  be  operated  to 
any  advantage  was  kept  at  work,  both  day  and  night,  drilling  holes  and 
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making  and  putting  in  bolts,  so  that  the  entire  repairs  were  made,  the 
coffer-dam  and  all  rubbish  removed,  and  the  lock  ready  for  use  by  Octo- 
ber 15.    About  9  working-days  were  consumed  in  making  all  the  repairs. 

At  this  time,  also,  the  middle  lock  was  examined,  and  some  of  the 
stones  in  coping  of  lower  miter-sill  found  again  slightly  disx)laced  and 
the  cushion-timbers  slightly  raised.  The  lock  was  pumped  out,  and  it 
was  found  that  the  bed  of  cement  had  been  washed  out  from  under  some 
of  the  stones,  thus  allowing  them  to  drop  down  on  one  side  and  tilt  u]) 
on  the  opposite.  As  nothing  short  of  breaking  up  these  stones  could 
remove  them,  it  was  deemed  best  to  let  them  remain  as  they  were,  being 
but  slightly  displaced,  and  secure  them  by  additional  bolts,  which  was 
accordingly  done.  The  new  bolts  were  7  feet  long,  If  inches  diameter, 
the  holes  to  receive  them  being  drilled  tlirough  4  feet  of  masonry  and  3 
feet  of  bed-rock.  These  bolts  were  placed  in  the  cushion-timbera  and 
the  other  parts  of  miter-sill  where  needed.  The  bolts  were  weilged  into 
the  bed-rock  and  hot  sidphur  poured  around  them,  thus  cementing  them 
finnly  in  place.  After  this  work  was  completed  there  were  106  bolts  of 
1^  inches  and  If  inches  diameter,  and  from  5  feet  to  7  teet  long,  and  34 
dowels,  IJ  inches  diameter  and  4  feet  long,  securing  the  miter-sUl  to  bed- 
rock. 

The  work  of  drilling  and  fastening  bolts  was  carried  on  day  and  night, 
gangs  relie\'ing  each  other  every  12  hours.  Much  rock  of  a  flhity  char- 
acter was  encountered,  which  made  the  drilling  tedious  and  consumeil 
time.  By  the  18th  of  October,  the  repairs  being  completed,  the  canal 
was  oi)ened  to  navigation. 

GENEEAL  EEPAIES  DUEING  THE  WINTEB. 

On  the  10th  of  December  the  canal  was  closed  for  the  season,  coffer- 
dams built  at  the  three  locks,  and  they  were  pumj^ed  out.  The  miter-sills 
were  examined,  the  machinery  and  engines  overhauled,  and  necessary 
small  repairs  made.  At  the  lower  lock  a  force  of  men  was  put  at  work 
removing  the  rubbish  out  of  the  culverts,  and  a  new  bottom  was  put  iu 
of  well-made  concrete.  Kone  but  sound  stone  were  used.  They  were 
well  broken  and  mixed  with  good  cement-mortar,  then  dropped  through 
the  air-pipes  into  the  culveits,  and  placed  and  rammed.  In  finishing  it 
np  the  concrete  was  carried  about  12  inches  up  on  the  side-walls  and 
rounded  out  in  the  center,  leaving  a  kind  of  trough  for  the  water  to  nin 
in.  In  front  of  the  upper  side  of  the  lower  miter-sill  an  excavation  was 
made,  about  4  feet  wide,  down  to  solid  rock,  and  a  good  concrete  apron 
l)ut  in  to  prevent  any  filtration  of  water  through  any  of  the  joints  in 
the  sill.  A  considerable  quantity  of  mud  was  removed,  the  bottom  be- 
ing thoroughly  cleaned  up  as  far  as  the  first  filling-culvert  opening.  A 
very  careful  examination  of  the  work  done  on  the  miter-sill  in  October 
di8(iovered  no  signs  of  any  yielding. 

At  the  middle  loch  the  lock  was  cleaned  out  for  a  distance  of  100  feet 
above  lower  miter-sill,  the  miter-sill  examined  and  found  to  be  secure 
and  imchanged  since  their  last  examination  in  October.  The  cushion- 
timbers  were  calked  with  oakum,  and  any  open  joints  in  the  face  of 
lock-walls  were  pointed  up,  an  apron  of  concrete  laid  in  front  of  lower 
miter-sill,  extending  6  feet  out  into  the  lock.  The  culverts  were  exam- 
ined and  found  to  be  in  good  general  condition. 

At  the  gtiard-loek  the  miter-sills  were  more  securely  bolted  dowTi  to  the 
rock,  to  correspond  with  the  additional  bolting  at  the  other  locks.  The 
bolts  securing  each  miter-sill  are  as  follows:  30  IJ-inch,  7  feet  long;  44 
If -inch,  7  feet  long;  and  10  l^-inch,  5  feet  long}  a  total  of  84  bolt:^. 
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wMcli  were  fastened  in  the  same  manner  as  those  at  the  middle  lock. 
(These  sUls  have  never  moved.) 

At  all  of  the  locks  water  comi>artment8  were  built  in  the  large  gates, 
to  give  additional  weight  when  the  pressure  was  against  them. 

DEEDGE  AND  DX7MP  SCOWS. 

In  consequence  of  the  large  amount  of  rock  to  be  dredged  up  in  the 
channel  above  the  head  of  the  canal,  and  the  constant  need  of  dredging 
the  material  brought  down  by  the  creeks  into  the  canal  itself,  it  was 
found  more  economical  to  purchase  a  dredge  and  have  it  always  on  hand 
than  to  hire  one  and  i)erhaps  be  delayed  by  waiting  for  it  to  be  brought 
from  a  distance.  An  excellent  dredge  was  purchased  early  in  the  year 
from  H.  S.  Brown  &  Ca,  for  the  sum  of  $11,300,  and  it  has  been  of  very 
great  service.  In  connection  with  this,  authority  was  obtained  for  the 
building  of  two  dump-scows.  These  were  not  finished  and  brought  into 
use  till  the  latter  part  of  the  year.  They  are  very  strongly  constructed, 
are  72  feet  by  18  feet  over  all,  and  have  a  capacity  of  from  GO  to  70  cubic 
yards. 

OPEBATINa  FOBOE. 

The  force  i-equired  for  operating  the  canal  when  aJl  machinery  is  com- 
pleted is  as  follows,  viz : 

One  superintindeiit. 

One  clerk. 

OiiB  overseer. 

Three  lock-masters.     ^ 

Three  loek-enirineera.  l-n^^^o+^i. 

Three  firemeuf  >Day  watch. 

Three  lock-hands.        J 

Three  assistant  lock-masters.     ^ 

Three  assistant  lock-eumneeis.  1.tw;«t^+  ^^4.^x. 

Three  firemen.  ^  ^Night  watch. 

Three  lock  hands.  J 

One  suh-overseer.  ^ 

One  steam-engineer.  I 

One  dipi>er- tender.  I  For  management  of  dred j^e  and  mnd-sco  ws,  for  ahout  4  months 

One  fireman.  f  in  the  year. 

One  watchman  J 

Six  deck-hands.  J 

With  the  above  a  steam  tow-boat  must  be  hired,  when  needed,  for 
moving  the  dredge  and  scows. 

The  following  rules  and  regidations  for  the  government  of  the  canal 
having  received  the  appproval  of  the  honorable  Secretary  of  War,  were 
l^rinted  on  card-board,  and  a  copy  is  handed  to  the  master  of  ever>'  boat 
that  passes  through  the  canal  with  a  request  that  it  be  posted  in  a  con- 
spicuous place  on  the  boat,  and  a  record  of  those  given  out  is  kept  for 
reference. 

These  niles  and  regulations  are  generally  pretty  well  observed,  and  no 
serious  difficulty  has  arisen  since  they  were  published. 

KULES  AXD  REGULATIONS  FOR  THE  GOVERNMENT  OF  THE  DE8  MOINES  RAPIDS  CANAI., 
AND  THOSE  USING  IT.— PUBLISHED  BY  AUTHOIUTY  OF  THE  HONORABLE  SECRETARY 
OF  WAR. 

1.  The  movement  of  all  boats  and  floating  things  in  the  canal,  the  locks^  anft  the 
ap]iroac'hes  to  the  canal,  shall  be  under  the  dh'ection  of  the  su})erintendent,  or  his 
authorized  assistants. 

2.  When  two  or  more  boats  or  tows  are  waiting  to  enter  the  canal  or  any  of  the 
locks,  the  sunerintendent  shaU  have  authority  to  designate  the  time  and  order  of  their 
entrance,  and  no  boats  or  tows  shaU  enter  without  his  authority. 
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3.  OrdinaTily,  boats  and  tows  arriving  first  at  the  locks  shall  have  the  preference  in 
passing,  hut  in  all  causes  boats  and  barges  belonging  to  the  United  States,  or  employed 
njion  tlie  work,  shall  have  the  precedence  over  all  others;  and  ^lassen^er-boats  shall 
have  the  precedence  over  tows.  Rafts  shall  have  one  lockage  m  their  tnm,  except 
where  there  are  two  or  more  rafts  together  at  a  lock,  in  which  case  no  part  of  a  raft 
Hhall  pass  the  lock  until  the  whole  of  the  raft  or  rafts  iireceding  it  shall  have  ])nAse<l. 

4.  I^>at8  wishing  to  pass  a  lock  shall  not  approach  tiie  lock  nearer  than  a  fixed  point, 
which  will  lie  marke<l  by  a  sign-boanl  on  the  canal  bank,  until  the  signal  is  given  to 
enter  the  lock,  and  they  shall  take  position  in  rear  of  any  boats,  tows,  or  rafts  that 
may  T)Te«»de  them,  and  not  in  any  way  obstruct  the  channel. 

5.  When  more  tlian  one  boat  is  waiting  to  enter  a  lock,  the  masters  must  asceTtain 
from  the  lock-master  when  their  turn  will  come,  and  abide  by  liis  decision. 

6.  All  boats,  &c.,  arriving  at  the  locks,  and  not  taking  advantage  of  the  first  la\\'ful 
opi)ortunit>'  to  jmias,  shall  lose  their  turn. 

7.  All  boats  when  in  the  locks  shall  fasten  one  head-line  and  one  spring-line  to  tho 
snnbbing-posts  on  the  lock  walls.  Large  boats  shall  nae  one  head-line  and  ttco  apring- 
lines,  and  the  lines  shall  not  be  unloosed  until  the  signal  is  given  for  the  boat  to  leave 
the  lock.  Boats  shall  also  be  provided  with  fenders,  to  be  used  in  guarding  the  lock 
walls,  &c,  from  iiyury. 

8.  No  boat  shall  strike  any  part  of  the  lock  or  sluice  walla,  nor  any  gate  or  appnr- 
tenance  thereto,  or  machinery  for  operating  the  gates,  nor  the  walls  i>rotecting  tho 
banks  of  the  canal. 

9.  All  rafts  or  towa  passinp^  the  locks  in  sections  shall  ''make  up"  just  below  or 
above  the  lock,  on  the  shore  side. 

10.  All  l>oat8  using  the  canal  shall  be  free  from  projecting  irons  or  rough  surfaces  that 
would  be  liable  to  <lamage  the  locks  or  any  part  of  the  canal. 

11.  No  boat,  liarge,  raft,  or  anything  shall  tie  up  in,  or  in  any  way  obstruct,  the 
canal  or  its  api»ronches,  nor  delay  entering  or  leaving  the  locks,  except  by  iMn-missiou 
of  proper  authority. 

12.  No  boat  shall  ent^.r  the  canal  or  locks  whose  a<!tual  draught  exceeds  the  least 
deptli  of  water  in  the  cliannel  of  the  canal. 

13.  No  l>oat  sliftll  run  alongside  of  any  otlier  boat  so  as  to  wedge  in  the  canal,  nor 
shall  any  boat  attempt  to  tmiss  another  l)oat  when  within  800  feet  of  the  locks. 

14.  No  laft  or  boat  slijill  l>e  brought  through  the  canal,  unless  a^'compauied  by  a 
fiteamboat,  except  small  boats  controlled  by  sails  or  oars;  and  small  boats  used  for 
private  purposes  sluiU  not  pass  the  locks  exc<»i»t  by  permission. 

15.  No  one  sliall  tTesi)a«8  u]K)u  the  canal  pix)i)erty  or  in  any  way  injure  the  canal,  the 
locks,  or  any  of  the  appendages. 

16.  No  one,  unless  authorized  by  the  superintendent  or  the  lock-master,  shall  oj>en 
or  close  any  gat©  or  wicket,  or  in  any  way  interfere  with  the  emjiloyds  in  the  discharge 
of  their  duties. 

17.  No  pNprson  shall  deposit  stone  or  material  of  any  kind  in  the  canal  or  locks,  and 
boats  passing  through  shall  not  deiiosit  the  aahes  or  cinders  from  their  fumacea  in  the 
eanal  or  lockis. 

18.  All  boats  approaching  th«  locks  shall  signal  for  the  same  by  4  distinct  whistU* 
of  short  duration,  and  shall  not  pass  the  iK)int  indicated  by  a  sign-board  nntil  the  lock- 
signal  is  given.  The  lock-signals  will  be:  For  entering,  one  whistle;  for  passing  out, 
three  short  whistles. 

Amos  Stickxey, 
Capt  of  Engififers,  livt.  MaJ,^  l\  5.  J., 
In  charge  Des  Moinea  Rapids  ImprotcmentB, 
United  States  £noinrer'6  Office, 

Keokuk,  Iowa,  April  1,  18/8. 
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*  Closed  from  December  10  to  March  15  on  account  of  cessation  of  river  navigation. 

The  estimated  cost  of  this  work  as  now  beinpf  carried  on,  g^iven  in 
annual  report  of  Col.  J.  K.  Macomb,  Cori>s  of  Engineers,  U.  S.  A.,  for 
year  ending  June  30, 1877,  was : 

Amoiiut  appropriated  up  to  June  30,  1877 ^,281, 000  00 

Amount  (eHtimatod)  required  for  completing 95,000  00 

To  this  must  now  l)e  added  for  office  expenses,  enpneer- 
iu^,  &c.,  for  an  additional  year  rendered  necessary  by 
failure  to  appropriate  the  amount  estimated 12, 000  00 


Total  cost  of  constniction 84,388,000  00 

Cost  of  oiMTating  and  maintaining  canal  for  year  ending 

June  30,  1878 47,565,00 

Estimated  cost  of  operating  and  maintaining  canal  for  year 

ending  June  30, 1879 40,000  00 

Estimated  cost  of  oi»erating  and  maintaining  canal  for  year 

ending  June  30, 1880 40,000  00 

127,565  00 


Total  amount  appropriated  and  to  bo  appropriated  for  construction  of 

work  and  maint^'nance  for  three  years,  ending  June  30,  1880 4,515,565  00 

Total  amount  approimated  up  to  June  30,  1878. 4,383,500  00 

Amount  required  yet  to  be  appropriated 132,065  00 

Money  statement. 

July  1,  1877,  amount  avaHable $105,650  30 

Amount  appropriated  by  act  approved  April  30,  1878 7,500  00 

Amount  appn>priated  by  act  approved  June  18,  1878 95,000  00 

July  1,  1878,  amount  expended  during  fiscal  year 102,861  15 

July  1,  1878,  outstanding  liabilities 5, 328, 65 


$208, 150  30 


108, 189  80 
July  1,  1878,  amount  available 99,960  50 

Amount  (estimated)  required  for  completion  of  existing  project,  viz: 
To  replace  operating  expenses  for  year  ending  June  30,  1878.     $40, 065  00 
To  re])lace  operating  expenses  for  year  ending  June  30,  1879.      40, 000  00 

Additional 12, 000  00 

92,065  00 

Amount  required  for  operating  and  maintenance  of  canal  for 

the  year  ending  June  30,  1880 40, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .     132, 065  00 
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WATER-POWEE  AT  MOLINE,  ILLINOIS. 

Army  BuiLDma, 
New  YorJcy  June  13, 1877. 

Sm:  Tlie  commiasion  designated  by  paragraph  6  of  Special  Orders  No. 
72,  of  April  5,  1877,  issued  in  compliance  with  the  joint  resolution  of 
Congress  approved  March  3,  1877,  authorizing  the  Secretary-  of  War  to 
appoint  a  commission  to  examine  into  the  matter  of  contnictw  made  by 
and  between  the  United  States  and  the  Moline  Water-Power  Company 
as  to  the  water-power  at  Moline,  IlL,  having  performed  the  duty  above 
si)ecified,  has  the  honor  to  submit  the  following  report  thereon: 

The  commission  first  met  in  Washington,  as  directed  in  the  order,  and 
after  examining  certain  maps  and  documents  relating  to  contracts  be- 
tween the  United  States  and  the  Moline  Water-Power  Company,  which 
were  laid  before  it  by  the  actuig  Chief  of  Ordnance,  and  an  informal  dis- 
cussion of  the  subject,  adjourned  to  meet  at  Rock  Island  Arsenal,  111.,  on 
May  4, 1877.  Meeting  at  the  arsenal  in  imrsuance  of  this  adjournment, 
thecommission  continued  in  session  from  day  to  day  until  the  evening 
of  the  lOtli  of  May,  during  which  time  all  the  contracts  and  tlie  corre- 
spondence ui)on  the  subject,  as  well  as  the  maps  and  plans  relating  to 
tlie  work,  were  thoroughly  examined,  the  works  themselves  visited,  and 
conferences  held  with  the  president  of  the  Moline  Water-Power  Company 
and  several  of  the  prominent  manufacturers  and  mill-owners  interested 
in  the  water-power  improvement. 

The  history  of  the  development  of  the  water-power  at  Rock  Island  may 
be  briefly  stated  as  follows:  In  February,  1837,  the  legislatiue  of  Illinois 
granted  to  David  B.  Sears  and  associates  a  charter  to  build  a  dam  across 
the  "slough"  to  Rock  Island,  which  charter  was  extended  two  years 
later,  and  the  dam  was  built  in  184:l-'42,  and  two  mills  put  up  on  the 
Moline  side.  This  water-power  was  occupied  by  Sears  and  associjites  for 
several  years,  but  in  1851  it  passed,  by  sherift'^s  deeds,  to  Pitts,  Gill)ert 
&  Pitts,  who,  in  1855,  organized  a  company  under  a  new  charter.  In 
1859  this  company  issued  a  quantity  of  bonds  to  parties  in  Syracuse,  N. 
Y.,  in  order  to  raise  money  for  repairs  and  improvement  of  tlieir  works, 
which  not  being  paid,  the  property  passed,  by  sherifTs  deed,  in  April, 
1804,  to  II.  K.  Whyte,  jr.,  who  held  as  trustee  for  himself  and  associates. 

The  question  of  the  use  by  the  government  of  the  water-power  which 
might  be  develoi>ed,  both  between  the  island  and  the  Moline  shore  and 
between  the  island  and  Benham's  Island,  as  a  motive-power  for  driAing 
machinery  in  the  public  shops  to  be  erected  on  the  island  seems  to  have 
been  first  brought  up  prominently  in  November^  1805,  as  appears  by  a 
letter  from  General  Rodman  to  the  Chief  of  Ordnance,  dated  the  7th  of 
that  month.  On  the  18th  of  the  same  month  General  Rodman,  in  a  let- 
ter to  P.  R.  Reed,  the  agent  of  tlie  then  water-power  company,  x)resents 
certain  questions  lookuig  toward  an  arrangement  by  which  the  United 
States  should  have  the  use  of  one-half  the  water-i)Ower  develoi)e<l  by  the 
company's  dam. 

Previously  to  this  time  negotiations  had  been  entered  into  with  the 
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owners  of  the  water-power  by  Charles  Atkinson  and  associates  for  the 
l)nrchase  of  the  proi>erty,  and  a  chaii;er  was  obtained  by  them,  under  tlie 
name  and  style  of  the  Moline  Water  Company,  in  February,  18(35;  but 
the  compan3'  does  not  seem  to  have  been  organized  and  the  proi)ertY 
purchased  until  December  of  that  year,  and  after  it  became  knoT^ii  that 
there  wjia  a  serious  intention  entertained  of  using  this  power  for  driving 
the  machinery  in  the  government  shops. 

It  should  be  remembered  that  neither  this  nor  the  previous  charters 
did  or  could  give  any  legal  right  to  abut  a  dam  upon  the  island  of  Kock 
Island,  or  to  use  the  west  half  of  the  slough  as  a  i>ool,  without  the  con- 
sent of  the  United  States  Government,  in  which  was  vested  the  owner- 
ship of  the  adjacent  shore  of  the  island.  The  existence  of  the  water- 
power  from  the  time  of  the  construction  of  the  first  dam  to  the  date  oi 
the  signing  of  the  first  contract  with  the  govenmient  in  18G7  was  de- 
pendent upon  the  pleasure  of  the  latter.  Hence  the  conti*act  is  to  be 
considered  as  a  necessary  preliminary  to  the  securing  by  the  compauyof 
any  legal  right  to  a  water-power  practically  useful. 

The  Ccmimission  appointed  under  the  acts  of*  Congress  ai)prove(l 
April  19, 18G4,  and  June  27,  18G0,  consisting  of  Maj.  Gen.  J.  M.  Selio 
field  and  ]Messrs.  James  Barnes  and  Selden  M.  Church,  to  ascertain  the 
true  value  of  the  land  on  Rock  Island  taken  possession  of  by  the  \N  ar 
Department,  and  the  compensation  due  each  (;humant,  i-eported  under 
date  of  January  24, 1807,  that  it  found  it  impracticable  to  determine  as 
a  separate  question  the  damage  sustained  by  the  Moline  Water-l^ower 
Company  in  the  taking  possession  of  by  the  United  States  of  their  one- 
half  of  the  water-power,  because  of  the  inseparable  character  of  the  joint 
interest  of  the  United  States  and  the  company;  but  recommended  for 
adoption  by  the  War  Department  the  basis  of  an  agreement  with  the 
company  which  they  presented  for  the  settlement  of  all  questions  pend- 
ing between  that  comi)any  and  the  United  States.  The  only  conditions 
in  this  proposed  agreement  which  have  relation  to  the  present  con(htioa 
of  the  subject  are  as  follows : 

1.  The  Moline  Water-Power  Company  to  convey  to  the  United  States  the  fee  of  thf 
entire  Moline  water-power,  and  also  to  grant  to  tile  United  States  the  nnrestiicted  it**- 
in  peri>etuity,  without  charge,  of  so  much  of  the  bed  of  the  river  not  already  V>elon»niig 
to  the  United  States  as  may  be  covered  by  the  pool  and  wall  necessary  to  develop  tlie 
water-power,  and  ten  feet  outride  of  said  wall,  together  with  the  right  of  access  thi-M" 
from  the  Illinois  shore  at  all  times  for  the  i)urpose  of  constructing  or  of  repairing  said 
wall. 

2.  The  government  to  develop  and  maintain  the  power,  so  far  as  it  can  be  done  with 
the  money  heretofore  appropriated  and  that  which  may  hereafter  be  appropriated  l»y 
Congress  for  that  purpose. 

3.  The  Moline  Water-Power  Company  to  have  the  u^  in  perpetuity,  frws  from  all 
charge  for  rent  or  repairs,  of  one-fourth  of  the  entire  water-power  developed,  and  alj« 
the  right  to  rent  for  a  specified  time,  at  the  rate  of  fifty  cents  per  annum  per  s<|nan» 
inch  of  water-power,  measured  by  openings  of  water-wheels,  so  much  additional  power 

as  the  Ordnance  Department  may  deem  expedient. 

•  .       •  «  •  «         -  •  • 

5.  Sixty  thousand  dollars  of  the  present  appropriation  to  be  applied  to  the  extension 
of  the  present  stone  dam  on  the  Moline  side,  and  $40,000  to  the  extension  aiul  r^paiR> 
of  the  wing-dam  and  removal  of  such  deposits  as  may  be  required  for  the  extiMinion  ami 
repairs  of  said  wing-dam.  The  use  of  the  ^>re8ent  water-power  shall  not  l»e  nnnec«'*!<a- 
rily  obstructed  during  the  construction  of  the  proposed  work,  nor  shall  any  rent  lur 
required  until  the  improvement  contemplated  by  the  $100,000  appropriation  shall  have 
been  made. 

By  joint  resolution  of  Congress,  approved  March  2, 1867,  the  Secretary 
of  War  was  authorized  and  empowered  to  carry  into  effect  the  retxmi- 
meiidations  of  the  commission  above  reterred  to,  "and  to  make  ap])li('a- 
tion  for  that  purpose  of  the  money  heretofore  ai)propriated  for  securing 
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luilf  of  tlio  Moliiie  Water- Power  Company,  and  sipic^d  l)y  them  on  the 
20tli  Au^ist,  1807,  and  the  18th  June^  18(>7,  n»spectively. 

In  caiT\inj?  this  contract  into  pmctical  ettect,  several  questions  arose 
re|?arding:  tlie  construction  to  be  given  to  c^ertain  points  upon  which  the 
])artie8  in  interest  were  not  agreed;  and  General  liodman,  under  date 
of  August  5, 18(>8,  advised  tliat  the  views  of  the  commissioners  shoiUd 
be  obtained  as  to  the  true  intent  of  their  recommendation  in  relation  to 
the  points  n^ferred  to. 

In  1800  a  (5hange  of  plan  of  dam  was  projwsed,  in  order  to  lessen  the  cost 
of  constniction,  which  involve<l  the  excavation  of  a  canal  for  ciirrying  oft* 
the  tail-water  from  the  company's  wlieels,  said  canal  to  cross  the  lands 
of  the  company;  and  a  seccmd  conti'aet  was  entered  into  with  the  com- 
j»any,  by  wliicli  the  land  needed  for  the  puri>ase  wa«  ceded  to  the  United 
States.  This  contract  was  signed  by  the  Secretary  of  War  "under  the 
authority  of  the  joint  resolution  of  CongrCvSS  approved  IVIarch  2, 1867.'^ 
Tliese  two  cx)n tracts  are  the  only  ones  between  the  United  States  and 
the  Moline  Water-Power  Company,  and  ai'e  those  n»ferred  to  in  the 
joint  resolution  ai)proved  Man*h  3.  1877,  under  which  the  present  com- 
mission was  api)ointed.  If,  theiWore,  the  company  hjis  cjiuse  to  com- 
plain, it  must  be  from  the  failure  of  the  United  States  to  carry  out 
certain  of  the  stipulations  embraced  in  one  or  both  of  these  cxjntrsicts. 

The  particular  causes  of  complaint  as  presented  by  the  company  will 
be  found  in  the  communication  of  its  president,  dated  May  8, 1877. 
They  may  be  briefly  stated  as  follows : 

1.  That  the  government  has  not  constructed  the  T\ing-dam  as  under- 
stood and  agreed. 

2.  It  has  not  excavated  the  channel  from  deep  water  into  the  pool  as 
was  proposed  to  be  done  as  a  substitute  for  the  long  wing-dam. 

3.  It  lias  not  removed  the  deposits  existing  in  the  pool  at  the  time  of 
makhig  the  contract  of  April  8,  1869. 

4.  It  has  received  transfer,  and  taken  and  holds  possession  of  the 
company's  property  without  pertbnning  the  consideration  agreed  upon. 

5.  It  has  violated  the  condition  of  section  6  of  original  contract  by 
leaving  in  the  pool  a  i)art  of  the  bottom  of  the  coffer-dam,  and  in  the 
water-way  at  mouth  of  the  canal  a  mass  of  stone  which  holds  back  the 
tail-water,  and  is  a  positive  detriment  to  the  power. 

6.  It  has  failed  to  maintain  the  water-power  by  its  neglect  to  remove 
the  annual  accumulations  in  the  jyool  since  the  execution  of  the  con- 
tracts, and  which  have  increased  to  an  extent  which  threatens  at  no 
distant  day  to  make  the  entire  power  practically  worthless  for  a  con- 
siderable portion  of  the  year.  The  company  estimates  the  amount  of 
these  accumulations  at  from  133,000  to  150,000  cubic  yards. 

In  regard  to  the  first  of  the  foregoing  complaints,  it  appears  that  the 
only  obligation  incurred  by  the  United  States  is  contained  in  the  third 
stipulation  of  the  original  contract  and  the  fifth  recx)mmendation  of  the 
Rock  Island  Conmiission,  by  which  $40,000,  or  so  much  thereof  as  the 
War  De])artment  may  consider  necessary,  was  to  be  applied  to  the  exten- 
sion and  repairs  of  the  wing-dam.  It  appears  from  the  statement  of  tlie 
commanding  officer  at  Eock  Island,  that  the  money  actually  paid  out 
was  $28,874.72,  to  which  should  be  added  $26,458.62  for  stone  obtained 
from  the  excavation  on  Kock  Island  Rapids  improvement  and  charged 
at  the  same  price  as  was  paid  to  the  Moline  Water-Power  Couii>any  for 
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similar  stone,  and  $806.93  for  labor  of  enlisted  men ;  making  a  total  of 
$3(5,140.27,  or  over  $10,000  more  than  was  specified  in  the  agreement 

As  regiirds  the  second  complaint,  there  is  nothing  to  be  found  in  either 
of  the  contracts  in  reference  to  the  excavation  of  the  channel  alluded  to. 
Such  a  channel  has  been  i)roi>osed,  and  an  appropiiation  therefor  asked 
of  Congress,  in  order  to  bring  into  the  i)Ool  the  amount  of  water  in  low 
stages  of  the  river  needed  tor  the  full  development  of  the  power  required 
by  the  government,  including  that  to  which  the  company  would  hid  enti- 
tled. 

The  third  complaint  seems  to  be  founded  on  the  third  stipulation  of 
the  contract  of  April  8,  1809,  which*  i)ro\ides  that  "  the  United  States 
shall  resume,  a«  ejirly  the  present  season  as  the  stage  of  water  will  iR*r- 
niit,  the  development  and  prosecute  to  comi>letion,  accortling  to  agree- 
ment, the  ui)i>er  i>ortion  of  the  water-power  and  the  removal  of  dejKisits 
in  the  pool."  The  only  refei-ence  to  the  removal  of  deposits  is  found  in 
the  fiftli  recommendation  of  the  Rock  Island  Commission  (wluch  recom- 
mendations form  a  part  of  the  original  contract),  wherein  it  is  providwl 
that  $40,(K)0  shall  be  applied  "to  the  extension  and  repairs  of  the  winir- 
dam  and  removal  of  such  dei>osits  as  may  be  required  for  the  extension 
and  reiiairs  of  said  wing-dam."  In  fact,  however,  it  api)ear8  from  the 
statement  of  the  commanding  officer  that  121,010  cubic  yards  of  deyxisit 
were  removed  from  the  pool  during  the  months  of  May  (the  date  of  the 
contract)  to  December  of  that  year. 

The  fourth  complaint  being  of  a  general  natiire,  will  be  considered 
further  on. 

As  reganls  the  fifth  complaint,  it  is  stated  by  the  commanding  officer 
in  his  comnumication  of  the  13th  June,  1877,  that  a  great  deal  of  atten- 
.  tion  has  been  given  to  the  removal  of  the  bottom  of  the  old  coffer-dam. 
and  that  he  is  satisfied  that  not  enough  remains  to  form  an  "obstnic- 
tion"  to  the  pool;  that  the  site  of  tliis  coffer-dam  is  in  a  deep  part  ot" 
the  pool  comi)ared  with  the  depth  at  the  head,  and  that  the  water,  in 
the  lowest  stage  of  the  river,  stands  level  over  tliis  part  of  the  pool, 
which  it  would  not  do  if  there  were  an  obstruction  at  that  i)oint.  Re- 
specting the  second  part  of  the  complaint,  the  commanding  officer  states 
that  the  canal  was  excavated  under  his  supervision,  and  that  a  ma^ss  of 
stone  was  not  left  in  the  mouth  of  the  canal,  and  that  none  has  been  put 
there  sinc^  its  completion. 

The  sixth  alleged  grievance  is  met  in  part  in  the  remarks  regardin*r 
the  third,  where  it  is  stated  that  the  only  reference  to  the  removsil  of 
deiwsits  was  to  be  found  in  the  fifth  reconunendation  of  the  Kock  Island 
commission,  that  such  deiK)sits  shall  be  removed  as  may  be  required  for 
the  extension  and  repairs  of  the  wing-dam ;  the  cost  of  the  removal  to 
l)e  paid  out  of  the  $40,000  assigned  to  said  extension  and  repairs.  It  is 
undoubtedly  true  that  the  entrance  to  the  pool  is  now  so  obstructed  by 
the  accunnilation  of  deposits  as  to  practically  keep  out  the  water  in  htw 
stages  of  the  river,  so  tliat  on  this  account  the  mills  are  then  without 
power.  Tlie  average  time  of  each  year  when  the  mills  are  without  serv- 
iceable i>ower  was  estimated  by  the  mill-owners  who  appeared  before  us, 
at  tliree  months,  and  three  months  with  half-power. 

There  are  fifteen  wheels  in  use,  affording  about  fif  ry  horse-power  each, 
or  seven  hundred  and  fifty  in  all.  The  above  estimate  of  the  time  diu-- 
ing  which  the  mills  are  without  sufficient  water-power  would  seem  to  1k» 
much  exaggerated,  judging  from  the  record  of  the  daily  stages  of  water 
kept  by  the  Ordnance  Department. 

Although  tlie  United  States  have  nowhere  specifically  agreed  to  remove 
the  deposits  iu  the  i>ool,  except  as  stated  in  the  fifth  recommendation  of 
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which  provide  for  the  "removal  of  such  deposits  as  may  be  required 
for  the  extension  and  repairs  of  the  wing-dam,''  a  removal  which  was 
fully  accomplished  long  since,  yet  it  appears  from  the  statement  of  the 
commanding  officer  that  there  was  actually  removed  between  January, 
1869,  and  October,  1876,  the  large  amount  of  151,265  cubic  yards. 

The  fourth  complaint  charges,  in  a  general  way,  that  the  United 
States  has  received  transfer  and  holds  possession  of  the  company's  prop- 
erty without  performing  the  consideration  agreed  upon,  while  it  appears 
that  the  only  consideration  in  the  contracts  was  that  the  United  States 
should  apply  the  existing  appropriation  of  $100,000,  and  any  future 
appropriations  that  might  be  made,  to  the  development  and  maintenance 
of  the  water-power,  giving  to  the  company  one-fourth  the  power  so 
developed  free  of  cost,  with  the  privilege  of  taking  at  a  nominal  rent  an 
additional  amount  not  needed  by  the  government.  The  United  States 
has  actually  expended  for  these  purposes  the  sum  of  $758,227.21. 

From  what  has  been  stated  it  appears  that  the  specific  complaints  of 
the  Moline  Water-Power  Company  are  not  sustained,  with  the  possible 
exception  of  the  fifth.  It  is  presumable,  however,  that  the  company 
expected,  in  transferring  its  share  of  the  water-power  privilege  in  ques- 
tion (one-half),  that  the  government  would  go  on  with  its  development 
to  the  extent  required  for  the  purposes  of  the  arsenal,  including  the 
removal  of  such  of  the  deposits  from  the  pool,  and  the-  opening  of  a 
sufficient  channel  into  the  same,  to  secure  the  requisite  supply  of  water 
in  low  stages ;  and  it  is  natural,  perhaps,  that  disappointment  should 
be  felt  that  t^is  expectation  has  not  been  ftdly  realized.  All  this  will 
still  be  done  if .  as  is  presumed,  the  government  shall  use  the  water  as  a 
motive-power  lor  the  shops,  instead  of  steam.  The  dams  are  all  built, 
the  gates  are  in  place,  and  the  machinery  ready  for  setting  up.  The 
cost  of  this  power  will  be  only  nominal  as  against  at  least  f  60  per 
horse-power  per  annum  for  steam ;  and  as  the  conmianding  officer  esti- 
mates that  provision  should  be  made  for  at  least  two  thousand  horse- 
power for  government  purposes,  there  would  be  a  saving  of,  say,  $120,000 
per  annum  by  using  water  instead  of  steam  when  running  to  the  extent 
referred  to. 

EespectfrQly  submitted. 

A.  A.  HUMPHEETS, 

Brigadier-Oeneral  and  Chief  of  Engineers^vt  Maj.  Oen.j  U.  8.  A. 

H.  G.  Wbight, 
LieutenanirColonel  of  Engineers^  Brevet  Major-Oeneral. 

Henry  L.  Abbot, 
Major  of  Engineers j  Brevet  Brigadier- General 
Hon.  Geoegb  W.  McCbaby. 

Secretary  of  War^  Waahingtonj  D.  0. 
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APPENDIX  S. 


ANINTTAL  EEPOKT  OP  CAPTAIX  WM.  E.   KING,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1878. 

United  States  Engineer  Office, 

Cfmttanoogaj  Tenn.y  September  3,  1878. 
General  :  I  have  the  honor  to  submit  annual  reports  on  the  works 
under  my  charge  for  the  fiscal  year  ending  June  30, 1878. 
Very  respectfully,  your  obedient  servant, 

W.  R.  King, 
Captain  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers  J  U.  8.  A. 


S  I. 

improvement  of  TENNESSEE  RIVER. 
ABOVE  CHATTANOOGA. 

As  no  appropriation  was  made  for  this  work  for  the  fiscal  year  1876 
and  1877,  it  has  remained  suspended  during  the  year,  and  such  of  the 
boats  and  tools  as  could  not  be  used  to  advantage  on  other  works  have 
been  laid  up  in  charge  of  watchmen. 

Wlien  the  appropnation  of  June  18, 1878,  became  available,  steps  were 
taken  to  reorganize  working  parties,  rebuild  boats,  and  supply  the  neces- 
sary outfit  of  tools  and  supplies  for  a  vigorous  prosecution  of  the  work 
at  Chota  Shoals  and  other  i)oints  below  Knoxville,  and  it  is  hoped  that 
before  the  end  of  the  present  low-water  season  considerable  work  will  be 
done. 

The  necessity  of  this  work  has  been  set  forth  in  former  reports,  and  I 
will  therefore  simply  recapitulate  some  of  the  facts  showing  the  nature 
and  importance  of  the  improvement. 

During  the  greater  part  of  the  year  the  river  from  Knoxville  to  Chat- 
tanooga, in  fact  to  Decatur,  Ala.,  a  distance  of  363  miles,  is  navigable 
by  steamers  drawing  from  2J  to  3  feet  of  water,  and  some  10  boats  of 
from  30  to  260  tons  capacity  have  been  engaged  in  this  trade  during  the 
past  year.  When  the  water  becomes  low,  obstructions  are  met  with 
at  various  points;  but  most  of  them  as  far  up  as  Loudon,  Tenn.,  and 
some  above  that  place  have  been  improved  so  as  to  become  compara- 
tively small  obstructions.  It  is  proposed  to  continue  work  on  these  ob- 
structions as  far  as  Knoxville,  and  to  still  further  improve  and  finish  up 
some  of  the  works  below  Loudon. 

The  improvements  generally  consist  in  building  stone  dams  and  ex- 
cavating rock  and  gravel  from  the  channel,  to  give  increased  depth  of 
water  across  the  reefs  and  shoals.    The  river  bed  and  banks  are  ex- 
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ceptionally  permanent,  and  the  river  is  never  frozen  so  as  to  obstruct 
navigation.  The  improvement  is,  therefore,  not  only  permanent  but  will 
be  available  throughout  the  year. 

Tlie  record  ot  the  river-gauge  kept  at  the  bluflEs  near  this  city  will  be 
found  plotted  on  a  sheet  herewith  inclosed. 

The  estimate  of  cost  of  improving  the  Tennessee  Eiver  above  Chat 
tanooga  was  originally  assumed  to  he  $175,000.  This  has  of  necessity 
been  increased  by  the  construction  of  additional  dams  at  various  points 
and  other  contingencies,  as  explained  by  Major  McFarland  in  Eeport 
of  the  Chief  of  Engineers^  1874,  page  673. 

There  has  been  appropriated  for  IMs  work  $180,000.  Of  this  amount, 
$164,928.83  have  been  expended. 

Money  statement 

July  1,  1877,  amount  available |167  28 

Amount  appropriated  by  act  approved  June  18,  1878 15,000  00 

115,167  28 

July  1,  1878,  amount  expended  during  fiscal  year 96  11 

July  1,  1878,  outstanding  liabilities 71  17 

167  28 

July  1,  1878,  amount  available 15,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 45, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .    35, 000  00 

BELOW  CHATTANOOGA* 

Work  on  this  part  of  the  liver  has  been  continned  during  the  year, 
and,  notwithstanding  vexations  delays,  incident  to  the  contract  system, 
and  to  bad  weather,  sickness,  &c.,  fair  progress  has  been  made. 

The  work  will  be  considered  in  Ave  divisions,  as  follows,  the  first  three 
of  these  constituting  what  is  known  as  the  Great  Muscle  Shoals  obstrac- 
tion. 

A. — ELK  BIVEB  SHOALS. 

Further  examination  confirms  the  opinion  expressed  in  the  last  report, 
that  this  obstruction  can  be  overcome  at  a  much  less  cost  than  originally 
estimated,  and  as  soon  as  the  new  appropriation  was  available  an  outfit 
of  boats,  tools^  and  supplies  was  procured  for  a  large  force  of  workmen, 
authority  having  been  obtained  to  do  the  work  by  hired  labor. 

The  work  is  now  making  good  progress.  Boats  and  cabins  for  the 
men  are  being  built,  and  a  temporary  dam  2,000  feet  long  has  been  built 
from  the  south  shore  to  Brown's  Island,  which  will  enable  the  excava- 
tion of  reefs  in  the  channel  at  the  head  of  the  shoals  to  be  carried  on  to 
good  advantage,  as  has  been  done  at  Little  Muscle  Shoals  under  similar 
conditions.  Mr.  Samuel  Whinery ,  Assistant-Engineer,  is  in  local  charge 
of  this  work,  and  is  pushing  it  with  energy. 
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Xo   1.— Muscle  Shoaub  Canal.— April,  1878. 
liOCk  No.  9. 
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No.  3.— Muscle  Shoals  Canal.— April,  1878. 
liock  No.  4. 
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No.  4.— Muscle  Shoals  Canal.— April,  1878. 
Excavation  for  Lock  No.  6. 
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No.  <».— -Muscle  Shoals  Canal.— -April,  1878. 
Excavation  for  Lock  No.  8. 
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No.  7.— Muscle  Shoals  Canal.— April,  1878. 
Temporary  Dam  at  liittle  muscle  Shoals. 
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No.  8.— Muscle  Shoals  Canal.— April,  1878. 
Excavating:  Reef  In  Channel  at  Little  Mnsele  Shoals* 
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ing  results : 


1 

1 

Excavation^  cubic  yards. 

1 

Masonry,  cubic  yards. 
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133  !fi.  262 
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The  contracts  cover  the  removal  of  fourteen  old  locks  and  the  excava- 
tion of  foundation-pits,  furnishing  materials  for  and  the  building  of  the 
»nasonry  of  eight  locks  300  feet  long,  60  feet  wide,  and  from  5  to  12  feet 
lift,  the  waUs  being  of  heavy  cut  stone  and  rubble  masonry  laid  in  hy- 
draulic cement  and  founded  upon  solid  rock.  At  the  end  of  the  year 
three  of  these  locks,  -N^os.  2,  3,  and  4,  had  been  completed,  the  founda- 
tion-pits of  two  others  had  been  excavated  and  the  masoniy  commenced, 
while  a  quantity  of  stone  had  been  quarried  and  cut,  and  tiie  excavation 
commenced  for  two  more* 

Mr.  Kimball's  contract  was  to  have  been  completed  on  the  30th  of 
June,  1878 ;  but  he  has  applied  for  an  extension  of  one  year,  six  months 
of  which  has  been  granted,  but  it  is  not  probable  that  he  will  complete 
his  contract  in  that  time. 

It  was  decided  to  start  two  large  forces  of  Jiired  laborers  at  work  on 
the  repair  and  enlargement  of  the  canal-trunk,  and  they  are  now  mak- 
ing excellent  progress. 

C— LITTLE  MUSCLE  SHOALS. 

This  work  has  been  carried  on  by  hired  labor,  and  has  made  excellent 
progress. 

A  temporary  dam,  1,400  feet  long,  was  placed  across  the  channel  to  be 
improved^  and  the  work  of  excavation  was  commenced  last  winter  be- 
fore the  flood  season,  and  was  renewed  in  the  spring  as  soon  as  the  stage 
of  the  water  would  permit,  the  interval  of  high  water  being  employed  in 
quarrying  rock  for  dams. 

The  foUowing  is  a  statement  of  the  quantities  of  rock  quarried  and  of 
rock  excavated  from  the  channel: 

Cubic  yards. 

Rock  quarried  for  dams •••  ......  14,829 

Hock  excavated  from  channel. 8,038 

The  average  cost  to  the  government  of  rock  quarried  was  97  J  cents  per 
cubic  yard,  and  for  rock  excavated  from  channel  $1.94  per  cubic  yard^ 
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which  will  compare  favorably  with  the  cost  of  any  similar  work  in  this 
vicinity,  whether  done  by  contract  or  by  hired  labor.  In  addition  to  the 
direct  work  of  improvement,  a  large  amount  of  work  was  done  in  build- 
ing and  fitting  up  boats  and  derricks  and  in  building  temporary  quar- 
ters for  the  men.  Mr.  J.  E.  Willard,  assistant  engineer,  ha«  been  in 
local  charge  of  this  work  and  of  that  at  Colbert  Shoals  during  the  year. 

D. — COLBERT  SHOALS. 

Work  was  resumed  on  this  obstruction  in  July,  1877,  and  continued 
until  November,  1877,  when  it  was  suspended  on  account  of  high  water. 

The  work  done  consisted  in  rock  excavation  at  Canton  Eeef  and  other 
points,  and  the  repair  and  extension  of  certain  parts  of  the  stone  dams. 
The  quantities  were  as  follows : 

Cubic  yards. 

Rock  excavation 372 

Rock  put  in  dams 5,083 

The  general  effect  of  this  season's  work  has  been  to  increase  by  several 
inches  the  available  depth  of  water,  and  has  reduced  this  obstruction  to 
one  of  secondary  importance,  as  is  indicated  by  the  fact  that  pilots  now 
complain  of  obstructions  at  other  points,  whereas  until  last  season's  work 
was  begun  this  was  considered  the  most  formidable  obstacle  to  naviga- 
tion below  Florence.  A  small  amount  of  work  remains  to  be  done,  which 
it  is  hoped  can  be  completed  during  the  present  low  water  season ;  and 
when  this  is  done  the  formidable  obstruction  of  Colbert  Shoals  will  he 
as  nearly  overcome  as  practicable  without  resorting  to  locks  and  dams. 

E. — ^DUCK  RIVER  SHOALS. 

This  obstruction  was  surveyed  in  1875,  but  no  work  has  been  done  on 
itv.  as  the  appropriations  have  been  too  small  to  justify  the  withdrawal 
or  funds  from  the  more  important  improvements  on  the  Lower  Temiessee. 
The  last  appropriation  bill,  however,  containing  an  item  of  815,000  for 
this  work,  arrangements  are  being  made  to  put  a  force  at  work  on  these 
obstructions  as  soon  as  the  necessary  tools  and  appliances  can  be  spared 
from  Little  Muscle  and  Colbert  Shoals. 

The  Tennessee  River  is  in  the  collection-district  of  New  Orieans.  The  nearest  port 
of  entry  is  New  Orieans.  The  amount  of  revenue  coUected  at  that  port  ia  not  known 
to  me. 

The  original  estimate  of  the  cost  of  improving  the  Tennessee  Biver 
below  Chattanooga  was  $4,133,000.  From  1868  to  1878  the  smn  of 
$1,335,000  has  been  appropriated.  At  the  close  of  the  fiscal  year  $817,- 
472.50  of  this  amount  had  been  expended. 

As  stated  in  my  last  report,  it  is  not  probable  that  the  entire  amount 
of  the  original  estimate  will  ever  be  required.  During  the  present  year 
it  is  expected  that  the  work  will  be  in  such  a  condition  that  a  revised 
estimate  can  be  made  of  the  amount  necessary  to  complete  the  work, 
and  there  is  every  reason  to  believe  that  this  amount  will  be  very  much 
below  the  original  estimate. 

Money  statement, 

July  1,  1877,  amount  available |431,670  96 

Amount  appropriated  by  act  approved  June  18,  1878 300, 000  00 

1731,670  96 

July  1, 1878,  amount  expended  during  fiscal  year 213, 643  46 

July  1, 1878,  outstanding  liabilities 20, 050  58 

: 233,703  04 

July  1, 1878,  amount  available 497,967  92 

Amount  (estimated)  re<]^uired  for  completion  of  existinff  project 2, 797, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      700, 000  00 
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IMPROVEMENT  OF  CUMBERLAND  RIVER. 

This  work  has  been  continued  under  the  immediate  charge  of  Capt. 
L.  C.  Overman,  Corps  of  Engineers,  by  the  hired-labor  system. 

The  available  working  season  was  very  much  shortened  by  the  ex- 
haustion of  the  appropriation,  which  occurred  in  October,  1877,  when 
the  boats  and  other  property  were  laid  up  in  charge  of  watchmen. 

The  importance  of  the  improvement  of  the  Cumberland  Eiver  has 
been  set  forth  in  former  reports.  There  are  about  fourteen  steamers 
engaged  in  commerce  on  the  Cumberland,  with  an  average  capacity  of 
about  320  tons.  From  Point  Bumside  to  the  mouth  of  the  river  there 
are  some  550  miles  of  navigable  water;  the  object  of  the  improvement 
being  to  deepen  the  low-water  channel  at  the  shoals,  and  thus  increase 
the  length  of  the  season  of  navigation. 

The  Cumberland  Eiver  has  been  divided  by  the  appropriation  acts 
into  five  sections,  viz : 

1.  Below  NashvUle. 

2.  From  Nashville  to  the  Kentncky  line. 

3.  From  Kentucky  line  to  Smith*«  Shoals. 

4.  Smith's  Shoals. 

5.  From  Smith's  Shoals  to  Falls  of  the  Cnmherland. 

I.— BELOW  NASHVILLE. 

"No  appropriation  having  been  made  for  this  section  in  the  act  of  Au- 
gust, 1876,  no  work  was  done  on  it  during  the  year,  but  such  of  the 
boats  and  tools  as  could  be  used  to  advantage  on  the  river  above  Kash- 
ville  were  utilized  for  that  purpose. 

As  soon  as  the  appropriation  of  1878  was  available,  working  parties 
were  organized  and  supplied  with  boats  and  tools  for  resuming  work  at 
Harpeth  and  Dover  shoals,  and  other  points  between  Nashville  and  the 
mouth  of  the  river. 

The  original  estimate  of  cost  of  improving  Cumberland  Eiver  below 
Nashville  was  $248,821.  The  sum  of  $145,000  has  been  appropriated, 
and  $99,991.37  expended  at  the  close  of  the  fiscal  year. 

Money  statement 

Jnlyl,  1877,  amount  available |336  63 

Amount  appropriated  by  act  approved  June  18,  1878 45, 000  00 

■—    $45,336  63 

July  1,  1878,  amount  expended  during  fiscal  year 328  00 

July  1, 1878,  amount  available 45,008  63 

ject 103,821  00 

June  30, 1880.      70,000  00 

n.— ABOVE  NASHVILLE. 


Amount  (estimated)  required  for  completion  of  existing  project 103, 821  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June 


Work  was  in  progress  upon  the  four  sections  above  IS'ashville  at  the 
beginning  of  the  fis(^  year,  and  was  continued  until  the  available  funds 
were  expended,  with  the  exception  of  a  small  balance  necessary  for  the 
care  of  the  boats  and  other  proi)erty  pertaining  to  the  work. 
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The  work  done  on  the  different  sections  was  as  follows : 

1.— NASHVILLE  TO   THE   KENTUCKY  LINE. 

At  Sand  Shoals: 
300  cable  yards  of  rock  were  excavated  from  the  channel  and  placed  in  two  small 
wing-damB. 

At  Cub  Creek  Shoals : 
1, 100  cubic  yards  of  stone  dams  built. 

108  cubic  yards  of  rock  excavated  from  channel. 
1, 000  cubic  yards  of  gravel  excavated  from  channeL 
13  logs  and  overhanging  trees  removed. 
AtBartlett'sBar: 
307  cubic  yards  of  stone  quarried  for  dams. 
417  cubic  yards  of  dam  built. 

At  Holliman's  Island  Shoals : 
2, 100  cubic  yards  of  gravel  excavated  from  channel. 

A  steamer  was  employed  fifteen  days  in  scraping  bars  on  this  section. 

Twenty  snags,  averaging  40  feet  long  by  2  J  feet  in  diameter,  were  re- 
moved, and  58  overhanging  trees,  averaging  40  feet  long  by  2  feet  in 
diameter,  cnt  down  by  snag-boat. 

Work  was  suspended  on  this  section  August  6, 1877. 

Money  statement. 

July  1, 1877,  amount  available >7, 182  27 

Amount  appropriated  by  act  approved  June  18, 1878 •  20, 000  00 

$27,182  87 

July  1, 1878,  amount  expended  during  fiscal  year 7,174  46 

July  1, 1878,  amount  avaUable 20,007  81 

Amount  (estimated)  required  for  completion  of  existing  project 87,155  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      60, 000  00 

2.— KENTUCKY  LINE  TO  SMITH'S  SHOALS. 

At  Wild  Gk>ose  Shoals : 
220  cubic  yards  of  rock  quarried  for  dams. 
258  cubic  yards  of  rock  excavated  from  channel. 
3, 000  cubic  yards  of  gravel  excavated  from  channel. 
780  cubic  yards  of  dam  constructed. 

Three  hundred  and  fifty  snags  and  overhanging  trees,  from  10  to  40 
feet  long  and  from  1  to  3  feet  in  diameter,  were  removed  by  the  snag-boat. 
Work  was  suspended  on  this  section  October  6, 1877. 

Money  statement 

July  1, 1877,  amount  available $8,752  20 

Amount  appropriated  by  act  approved  June  18, 1878 8, 000  00 

$16,752  80 

July  1, 1878,  amount  expended  during  fiscal  year 8,74190 

July  1, 1878,  amount  available 8,010  90 

Amount  (estimated)  required  for  completion  of  existing  project 73,60900 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .      50, 000  00 

3.— smith's  shoals. 

At  Long  Shoal : 
1,620  cubic  yards  of  stone  quarried  for  dams. 
8,550  cubic  yards  of  stone  placed  in  dams. 

At  MiU  Shoal: 
1,050  cubic  yards  of  stone  excavated  fh>m  channel  and  placed  in  dams. 
950  cubic  yards  of  dam  constructed. 

Work  suspended  on  this  section  September  18, 1877. 
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Amoant  appropriated  by  act  approved  June  18, 1878 30, 000  00 

147,572  89 

July  1, 1878,  amount  expended  during.fiscal  year 17,625  52 

July  1, 1878,  amount  available 29,947  37 

Amount  (estimated)  required  for  completion  of  existing  project 15, 000  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  endmg  June  30, 1880 .      15, 000  00 

4.— smith's  shoals  to  the  falls  of  the  OUMBEBLAin). 

On  this  section  1,650  cubic  yards  of  rock^  consisting  of  dangerous 
bowlders,  &c.,  were  removed  j&x)in  channeL 
Work  was  suspended  August  19, 1877. 

Money  statement 

July  1,1877,  amount  available • |2,000  00 

Amount  appropriated  by  act  approved  June  18, 1878 2, 000  00 

14,000  00 

July  1, 1878,  amount  expended  during  fiscal  year 1,978  68 

July  1, 1878,  amount  available 2,021  32 

The  estimates  of  cost  of  improving  Cumberland  Eiver,  above  l^ashviUe, 
amount  to  $283,764.  The  sum  of  $112,000  has  been  appropriated,  and 
of  this  amount  $52,012.60  had  been  expended  at  the  close  of  the  fiscal 
year. 

Tbis  work  is  in  the  collection-district  of  New  Orleans.  The  amount  of  revenue  col- 
lected at  the  nearest  port  of  entry  is  unknown  to  me. 


S3. 
IMPEOVEMENT  OF  HIAWASSEE  RIVER. 

The  good  progress  reported  at  the  end  of  last  fiscal  year  was  continued 
until  the  1st  of  October,  1877,  when,  the  funds  being  nearly  exi)ended,  the 
work  was  closed  for  the  season  and  the  property  placed  in  charge  of 
watchmen. 

Mr.  John  S.  Crary,  assistant  engineer,  has  continued  in  charge  of  the 
work,  and  the  results  obtained  have  been  highly  satisfactory  as  to  cost, 
amount,  and  character  of  the  work. 

The  following  are  the  principal  items  of  work  done  during  the  year: 

403  cubic  yards  of  rock  and  gravel  excavated  from  channeL 
879  cubic  yards  of  rock  quarried  for  dams. 
2;784  cubic  yards  of  rock  placed  in  dams. 

Also  a  number  of  logs,  snags,  bowlders,  and  a  large  quantity  of  drift- 
wood were  removed  from  the  channel. 

This  work  was  done  principally  at  Mathews'  Shoals,  Magil's  Island 
Shoals,  and  Towhead.  and  at  Blackbird  Shoals. 

The  south  dam,  270  feet  long,  at  Mathews'  Shoals,  is  completed. 

Work  was  resumed  as  soon  as  the  appropriation  of  June  18  was  avail- 
able, and  is  now  making  good  progress. 

Although  the  season's  work  is  not  far  enough  advanced  to  form  a  defi- 
nite judgment  on  the  subject,  it  is  not  probable  that  the  present  appro- 
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priation,  whicli  exhausts  the  origmal  estimate,  will  complete  all  that  it  ]& 
desirable  to  do  on  the  Hiawassee  up  to  Savannah  Ford. 

The  reason  why  the  original  estimate  will  probably  prove  too  small 
may  be  attributed  to  the  facts  that  the  work  is  being  done  in  the  most 
thorough  and  substantial  manner,  and  that  some  of  &e  rock  encountered 
proves  to  be  of  the  most  refractory  kind,  which  greatly  increases  the  cost 
of  excavation. 

From  the  best  information  at  present  available,  it  is  probable  that  at 
least  $10,000  more  will  be  required  to  complete  the  work,  and  that  amount 
is  accordingly  recommended. 

The  obstructions  on  this  river  are  of  the  same  general  character  as 
those  on  the  Upper  Tennessee,  and  the  regimen  of  the  river  is  equally 
permanent.  The  improvements  wiU,  therefore,  be  permanent  when  com- 
pleted, and  the  results  show  that  they  will  secure  the  additional  depth 
required  to  make  a  low  water  channel  from  2J  to  3  feet  deep  at  the  shoal- 
est  places. 

The  original  estimate  for  improyiug  the  Hiawassee  from  Savannah  Ford 

to  the  Tennessee  River  is 120,000  00 

Amounts  appropriated 20,000  00 

Amount  expended  .--.-., 9,959  95 

Money  statement 

July  1,  1877,  amount  avaUable $9,718  80 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$19,718  60 

July  1,  1878,  amount  expended  during  fiscal  year 9,678  75 

July  1,  1878,  amount  available 10,040(5 

Amount  (estimated)  required  for  completion  of  existing  project 10, 000  ft) 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .       10, 000  00 


S4. 

IMPROVEMENT  OF  COOSA  RIVER,  GEORGIA  AND  ALABAMA, 

At  the  beginning  of  the  fiscal  year  work  had  been  started  at  Horsdeg 
Shoals,  near  Eome,  and  preparations  were  being  made  to  commence  at 
other  obstructions  between  that  point  and  Greensport. 

The  work  was  mider  the  immediate  direction  of  Lieut.  W.  L.  Marshall, 
Corps  of  Engineers. 

In  addition  to  the  labor  of  building  derrick  and  quarter-boats,  &c.,  the 
following  work  was  done  during  the  year : 

1.  Horseleg  Shoals : 

About  354  cubic  yards  of  rock  excavated  from  channel. 

About  370  linear  feet  of  riprap  dams  built. 

About  568  linear  feet  of  rock  and  gravel  dams  rebuilt 

About  1,100  linear  feet  of  crib-dams  buUt. 

A  large  quantity  of  rock  quarried  for  dams. 

2.  Turkeytown  Island : 

About  100  cubic  yards  of  rock  excavated  from  channel. 
About  980  cubic  yards  of  riprap  dams  built ;  3  snags  removed. 

3.  Copperaa  Bluffs: 

About  341  cubic  yards  of  rock  excavated  from  channeL 

4.  Cross  Shoals : 

About  225  cubic  yards  of  rock  and  gravel  excavated  from  ohanneL 
About  225  cubic  yards  of  rock  and  gravel  placed  in  dams. 
About  150  linear  feet  of  riprap  dams  built;  12  snags  removed. 
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6.  Mill  Shoals : 
About  78  cubic  yards  of  rock  excavated  from  channel. 
About  4*25  linear  feet  of  crib-dams  built. 
About  300  linear  feet  of  brush  and  gravel  dams  built. 
About  362  cubic  yards  of  rock  quanied  for  dams ;  2  snags  removed. 

At  Whistenant's  Mill  Shoals  and  Ten  Island  Shoals,  which  are  the 
most  formidable  ones  between  Eome  and  the  Selma,  Eome  and  Dalton 
Eailroad  bridge,  it  was  found  necessary  to  make  a  carefiil  survey  with 
a  view  to  deciding  and  locating  the  necessary  works  of  improvement. 
Lieut.  W.  L.  Marshall's  report  on  this  survey  is  appended,  and  the  plan 
proposed  for  the  improvement  consists  of  two  dams  to  give  the  neces- 
sary depth  of  water,  and  three  locks  to  furnish  a  means  of  communica- 
tion between  the  different  water-levels  thus  established.  The  plans  and 
specifications  of  these  locks  having  been  completed,  authority  wiU  be 
asked  to  place  two  of  them  under  contract  at  once.  When  these  obstruc- 
tions are  overcome  there  wiU  be  a  practicable  water-line  of  communica- 
tion between  Eome,  Ga.,  and  the  coal-fields  of  Saint  Clair  County, 
Alabama. 

Work  closed  on  account  of  high- water  in  November,  1877,  and  was 
resumed  again  in  June,  187$. 

The  original  estimates  of  the  cost  of  improving  the  Coosa  River  are $552, 347  00 

Amonnt  appropriated 105,000  00 

Amount  expended 16, 150  67 

Money  statement. 

July  1,  1877,  amount  available $29,760  59 

Amount  appropriated  by  a<;t  approved  June  18,  1878 75, 000  00 

8104,760  59 

July  1,  1878,  amount  expended  during  fiscal  year 15, 911  26 

July  1,  1878,  outstanding  liabilities 1,  805  74 

17, 717  00 

July  1,  1878,  amount  available 87,  043  59 

Amount  (estimated)  required  for  completion  of  existing  project 447,  347  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     150,  000  00 


report  of  lieutenaio'  w.  l.  marshall,  corps  of  engineers. 

United  States  Engineer  Office, 

Momcj  Ga,j  July  9,  1878. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  results  of  a  resurvey  of 
Whistenant's  and  Ten  Islands  Shoals,  Coosa  River,  Alabama,  .made  during  the  latter 
part  of  May  and  first  part  of  June,  1878,  by  Mr.  R.  C.  McCalla,  assistant  engineer,  and 
Air.  Edward  Mead.  Mr.  McCalla  would  have  prepared  the  report  had  it  not  been  that 
his  services  have  been  constantly  required  with  the  parties  now  at  work  upon  the 
river.  The  survey  wa«  directed  to  the  examination  of  definite  lines  selected  by  myself 
after  a  close  reconnaissance  of  the  obstructions,  which  accounts  for  the  want  of  data 
upon  the  maps  along  the  left  or  east  bank  of  the  stream. 

The  obstructions  in  question  extend  from  about  one-half  mile  below  Greensport,  Ala., 
to  the  foot  of  Wood's  Island,  or  for  about  5  miles,  in  which  distance  the  total  faU  in 
the  water's  surface  is  24.01  feet,  of  which  5.9  feet  in  3,000  feet,  or  5.56  feet  in  2,500  feet, 
occurs  at  Whistenant's  Shoals,  and  17.77  feet  on  Ten  Islands  Shoals,  in  a  horizontal 
distance  of  2.6  miles,  16.26  feet  of  which  latter  fall  is  in  less  than  2  miles. 

At  Whisteuant's  Shoals  the  river  suddenly  widens,  firom  about  600  feet  to  about  twice 
that  width,  and  falls  over  three  distinct  series  of  sandstone  reefs,  which  extend  entirely 
across  the  river,  with  the  exception  of  a  narrow  flat-boat  channel  near  the  left  bank, 
through  which  the  water  pours  with  ffreat  velocity  and  violence.  At  the  foot  of  this 
chute  is  a  gravel-bar,  which  extends  downstream  against  that  bank  for  a  distance  of 
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2^000  feet,  on  wMch  bar  there  is  only  about  1  foot  of  water  at  low- water.  On  tbe  right 
side  of  the  shoal  drift  has  accnmulated  and  built  up  several  small  islands,  with  chan- 
nels between  them  varying  between  75  feet  and  2bO  feet  in  width ;  the  reefe  are  un- 
broken, and  immediately  below  the  third  reef  we  find  5  feet  of  water. 

From  this  point  the  river  will  average  800  feet  in  width,  and  is  of  sufficient  depth 
until  we  reach  the  Rock  Island  Reef,  1.8  miles  below,  which  is  at  the  head  of  the 
Ten  Islands  Shoals. 

This  reef  is  verjr  narrow  on  the  ri^ht  of  the  island,  but  broad  on  the  left ;  over  it  is 
a  fall  of  1.13  feet  in  220  feet.  The  island  is  nearly  entirely  solid  sandstone,  with  hnt 
little  soil  or  vegetation  upon  it. 

Below  this  ree^  for  a  distance  of  about  one-half  mile,  we  have  good  deep  water  near 
the  right  bank  or  the  river,  with  here  and  there  detached  bowlders  and  slabs  of  sand- 
stone, easily  removed.  On  the  opposite  side  of  the  river  the  water  is  shallow  and 
much  obstructed  with  rocks.  A  great  accumulation  of  drift  and  saw  logs  has  formed 
on  the  shallow  rocks  near  this  bank,  and  extends  firom  near  the  foot  of  the  Rock  Island 
Reef  to  below  McConnePs  Bar.  Over  -McConners  Reef,  near  the  right  bank,  is  a  fall 
of  2.28  feet  in  140  feet.  On  the  left  side  the  reef  is  very  wide,  and  the  descent  more 
gradual,  the  reef  spreading  out  into  a  broad  collection  of  thinner  reefs  and  detached 
slabs  of  sandstone ;  from  the  foot  of  McConnePs  Bar  to  the  head  of  Wood's  Island  the 
water  flows  over  a  succession  of  sandstone  reefs,  with  no  very  abrupt  falls,  the  water 
varying  in  depth  from  a  few  inches  on  the  reefs  and  rocks  to  from  2  to  3  feet  between 
them,  in  holes  and  pockets.  It  is  difficult  to  navigate  a  light  bateau  over  this  part  of 
the  shoal.  To  the  left  of  Wood's  Island  the  fall  is  rapid  to  the  level  of  the  pool,  which 
occupies  about  two-thirds  the  length  of  the  island  on  that  side.  This  channel  is  from 
600  to  600  feet  in  width,  but  is  barred  at  the  foot  by  a  broad  limestone  reef,  over  which 
is  considerable  fall  and  a  rapid  current.  The  chaimel  to  the  right  of  Wood's  Island  id 
jfrom  175  to  250  feet  in  width ;  the  reef  at  the  foot  is  nearly  absent  and  the  fall  more 
nearly  uniform ;  the  bottom  seems  to  be  gravel  overlying  rock.  This  channel  is  veiy 
advantageously  situated  for  the  proposed  improvement. 

The  general  appearance  and  character  of  these  shoals  are  similar  to  those  of  the  Mus- 
cle Shoals  in  the  Tennessee  River.  The  reefs,  as  a  rule,  present  their  upturned  ed(^ 
to  the  current,  and  are  generally  of  sandstone.  The  shoal  above  Wood's  Island  varies 
from  1,400  to  1,800  feet  m  width. 

The  banks  in  the  immediate  vicinity  of  both  shoals  (except  below  the  head  of  Wood's 
Island  on  the  i^ht)  are  steep  hill-slopes  of  loose  rock  and  earth,  with  occasional  rock 
points  and  blufS.  There  are  no  benches  and  berms  near  the  water's  edge,  but  the  hill- 
slopes  run  down  to  the  rock  bottom  of  the  river.  Above  and  below  each  shoal,  and 
between  them,  are  small  tracts  of  bottom-lands,  which  are  overflowed  at  extreme  higb- 
water.  Between  these  two  shoals  the  bftnks  are  low,  and  there  are  about  300  acres  of 
rich  cultivated  land,  which  would  be  overflowed  if  an  attempt  were  made  to  obliterate 
the  upper  fall  by  a  dam  near  the  head  of  the  Ten  Islands  ShoaL 

At  the  head  of  the  Ten  Islands  Shoal,  the  evidence  afforded  by  drift  shows  that  the 
usual  floods  do  not  exceed  fh>m  4  to  5  feet.  Two-thirds  the  length  of  Wood's  Island, 
below  its  head,  the  height  of  the  flood  of  February,  1875 — ^the  highest  known— has 
been  marked  on  a  tree,  and  shows  a  rise  of  little  over  16  feet,  but  tms  was  from  back- 
water from  below  where  the  mountains  narrow  the  area  of  discharge  and  gorges  the 
stream.  At  Greensport,  above  the  head  of  Whisten ant's  Shoal,  this  flood  reached  11 
feet  above  low- water.  Floods  of  8  feet  rise  are  very  unusual,  and  rises  of  6  feet  are 
rare. 

At  many  points  along  the  shoals  there  is  an  abundance  of  sandstone  of  tolerably  fair 
quality  for  masonry,  and  sufficient  limestone  near  by  for  the  more  exposed  and  im]>or- 
tant  parts  of  locks.  The  whole  country  is  thickly  clothed  with  fine  long-leaved  pine 
timber,  or,  if  preferred,  a  sufficient  quantity  of  white  oak,  post-oak,  eun,  and  other 
hard  woods  can  be  procured  for  the  proposed  improvement,  but  would  be  considerably 
more  expensive  because  more  rare. 

Malanal  diseases,  such  as  chills  and  fevers  and  bilious  disorders,  will  interfere  with 
the  work,  as  at  the  Muscle  Shoals  of  the  Tennessee  River. 

PROPOSED  IMPROV£M£XTB. 

Whistenanfs  Shoals. — I  would  respectfully  recommend  that  this  shoal  be  improved  bv 
riprappin^  the  island  near  the  right  bank  as  shown  in  the  tracing  herewith,  and  build- 
ing a  longitudinal  crib-dam  from  the  point  of  this  island  to  near  the  crest  of  the  lower 
reef,  and  closing  this  dam  by  a  lock  of  6  feet  lift,  with  guard- walls  arranged  to  allow 
of  navigation  up  to  a  5-foot  rise  at  Greensport. 

The  dam  to  be  of  cribs  of  round  logs  from  14  to  16  inches  in  diameter,  bolted  at  their 
intersections  with  |-inch  square-iron  drift-bolts,  and  filled  with  stones,  the  stones  in 
large  masses  to  be  piled  above  the  logs,  which  reach  to  the  low-water  height,  at  least 
4  feet. 

The  lock  to  be  of  masonry ;  the  water  side  and  miter-sills  to  be  laid  in  cement,  and 
also  the  land  side  in  the  vicinity  of  the  hollow  quoins,  for  a  distance  back  from  the 
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5.  Earthen  tow-path  embankment : 

7,407  cubic  yards  embankment,  at  40  cents ^,962  80 

1,480  cubic  yards,  slope-wall,  at  |2.50... 3,700  00 

Total 16,662  80 

6.  Channel  excavation — ^rock : 

Rock  Island  Reef,  648  cubic  yards,  at  |3 1,944  00 

McConnePs  Reef,  1,229  cubic  yards,  at  |3 3,687  00 

Total 5,631  00 

Total  for  Ten  Islands  Shoals 97,991  30 

Or  for  the  improvement  of  both  shoals 141,469  30 

Add  10  per  cent  for  contingencies 14,146  93 

155,616  23 
Respectfully  submitted. 

W.  L.  Marshaix, 
First  Lieutenant  of  Engineers, 
Cap!  W.  R.  King, 

Carps  of  Engineers,  U.  S,  A. 


ss- 

IMPROVEMENT  OF  OOSTENAULA  AND  COOSAWATTEE  RIVERS. 

1^0  work  was  done  on  either  of  these  rivers  during  the  year,  the  entire 
balance  of  the  appropriation  having  been  expended  in  the  fiscal  year 
1876  and  '77. 

An  appropriation  having  been  made  June  18, 1878,  advantage  will  be 
taken  of  the  low  water  season  to  repair  and  extend  some  of  the  wing- 
dams,  and  otherwise  continue  the  system  of  improvements  made  under 
former  appropriations. 

Original  estimates,  made  for  these  rivers,  are $38,206  50 

Amounts  appropriated 19,000  00 

Amounts  expended 19,000  00 

Money  statement 

Amount  appropriated  by  act  approTed  June  18,  1878 |4, 000  00 

July  1,  1878,  amount  available 4,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 9, 208  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  9, 208  50 


S6. 

I>IPROVEMENT  OF  ETOWAH  RIVER,  GEORGIA. 

As  stated  in  my  last  report,  an  examination  of  this  river  was  made  by 
Lieut.  W.  L.  Marshall,  Corps  of  Engineers,  with  a  view  to  ascertaining 
whether  any,  arid  if  so,  what  work  could  be  advantageously  commenced 
with  the  existing  appropriation;  and  it  was  respectfiilly  recommended 
that,  in  view  of  the  inadequacy  of  the  existing  appropriation  to  accom- 
plish any  useful  improvement,  an  instrumental  survey  of  the  river  be 
made,  upon  which  to  base  a  specific  project  for  the  improvement.  A 
special  appropriation  for  this  purpose  having  been  made,  the  survey  will 
be  made,  and  the  project  submitted  as  soon  as  practicable. 

Amount  appropriated  (act  August  14,  1876) $10,000  00 

Amount  expended •••• 59  73 
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Money  statement 

Luring  fiscal  year .... 
July  1, 1878,  amount  available 9,940  27 


Julyl,  1877,  amount  available $10,000  00 

July  1,  1878,  amount  expended  during  fiscal  year 59  73 


S7- 
IMPROVEMENT  OF  OCMULGEE  RIVER,  GEORGIA. 

This  work  has  been  continued  during  the  year  by  hired  labor  under 
the  immediate  direction  of  Mr.  B.  W.  Probel,  assistant  engineer. 

The  obstructions  to  be  removed  are  generally  caused  by  snags  and 
overhanging  trees,  which  either  cause  direct  obstructions,  or  produce 
them  iudirectly,  by  causing  abrupt  bends  or  the  formation  of  sand  and 
gravel  bars.  The  removal  of  these  snags  and  sunken  logs  is  found  to 
cause  the  rapid  washing  away  of  the  bars,  and  in  some  cases,  as  at 
Eeuben's  Cut-offl  the  river  has  been  straightened  and  shortened  several 
hundred  yards  by  pulling  out  the  stumps  and  fallen  trees  in  a  natural 
cut-off,  which  was  immediately  deepened  by  the  water,  so  as  to  form  a 
practicable  channel  7  or  8  feet  deep  at  low  water. 

Four  hundred  and  twenty  snags,  measuring  from  2  to  4  and  some 
even  reaching  5  feet  in  diameter,  and  360  overhanging  trees,  were  re- 
moved during  the  year.  This  work  is  in  an  excee^gly  isolated  loca- 
tion, and  communication  with  the  working  parties  is  tihierefore  very  in- 
convenient. 

ThiB  work  is  in  the  coUection  district  of  Brunswick,  Ga. 

Number  of  vessels  sailing  from  the  port  of  Darien,  Ga.,from  January  1,  1877,  to 
January  1,  1878,  was  217 ;  aggregate  tonnage,  106,369. 
Principal  export,  lumber,  feet,  86,606,952;  estimated  value,  |853,777. 
The  original  estimate  of  the  cost  of  the  work  of  improving  this  river  is  $56,240. 

Amounts  appropriated ^,000  00 

Amount  expended 13,012  69 

Money  statement 

July  1, 1877,  amount  available $14,953  33 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

$29,953  33 

July  1, 1878,  amount  expended  during  fiscal  year 12, 966  02 

Julyl,  1878,  outstanding  liabilities 484  55 

13,450  57 

Julyl,  1878,  amount  available... 16,502  76 

Amount  (estimated)  required  for  completion  of  existing  project 26, 240  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  encung  June  30, 1880 .    26, 240  00 


S8. 

^PROVEMENT  OF  OCONEE  RIVER,  GEORGIA. 

An  appropriation  of  $10,000  having  been  made  for  the  improvement 
of  this  river  (act  of  June  18, 1878),  a  preliminary  examination  has  been 
made  which  shows  that  in  general  character  the  work  required  will  be 
similar  to  that  on  the  Ocmulgee,  and  preparations  are  being  made  to 
begin  active  operations  as  soon  as  possible. 
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The  principal  object  of  this  improvement  is  to  famish  an  outlet  for 
the  commerce  which  naturally  centers  at  Dublin^  a  town  completely 
isolated  from  railroad  communication,  and  dependent  entirely  upon 
wagon  and  river  transx>ortation  (see  Eeport  of  Chief  of  Engineers,  1875, 
Part  n,  page  44). 

Estimated  cost  of  work  to  be  done  is  $10,150.  The  sum  of  $10,000 
has  been  appropriated. 

Mr.  B.  W.  Frobel,  assistant  engineer,  reported  to  this  office  March  4, 
that  $15,000  is  needed,  stating  that — 

This  estimate  exceeds  that  ffiven  by  Assistant  En^neer  Oonld  (see  report  Chief  of 
Engineers,  1875,  Appendix  W)  uv  some  |5,000.  This  is  caused  by  aading  cost  of  steam- 
tender  or  tow-boat  omitted  in  Mr.  Gould's  estimate,  but  which  wiU  be  absolutely  nec- 
essary on  this  work. 

Mon^  statement 

Amonnt  appropriated  by  act  approved  Jnne  18,  1878 $10, 000  00 

July  1,  1878,  amount  Available 10,000  00 

Amoimt  (estimated)  required  for  completion  of  existing  project 5,00000 

Amount  that  can  be  profitably  expended  in  fiscal  year  enaing  June  90, 1880.  5, 000  00 
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ANNUAL  EEPORT  UPON  THE  WOEKS  IN  CHARGE  OF  IVIAJOR 
G.  WEITZEL,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL 
YEAR  ENDING  JUNE  30,  1878,  BY  CAPTAIN  ALEXANDER 
MACKENZIE,  CORPS  OF  ENGINEERS,  TEMPORARILY  IN 
CHARGE. 

United  States  Engineer  Office, 

Detroitj  Mich.j  July  10,  1878. 
General  :  I  have  the  honor  to  transmit  herewith  the  annual  reports 
relating  to  the  river  and  harbor  improvements  temporaiily  under  my 
charge,  for  the  fiscal  year  ending  June  30, 1878. 
Very  resiMMJtfully,  your  obedient  servant, 

A.  Mackenzie, 
Captain  of  Eiujiiieers. 
Brig.  Gen.  A.  A.  Hu3ipnREYS,    . 

Chief  of  Engin^rsj  U,  S.  A. 


Ti. 

IMPROVEMENT  OF  THE  FALLS  OF  THE  OHIO  RIVER. 

The  history  and  condition  of  work  done  on  this  improvement  during 
the  past  fiscal  year  are  given  in  the  following  report  of  Capt.  A.  N.  Lee, 
Corps  of  Engineers,  who  is  in  immediate  charge  of  the  work: 

LoiTisviLLK,  Ky.,  June  30,  1878. 

Sir:  Iliavethe  honor  to  submit  the  ff>llowing  report  on  tli«  improvement  of  the 
F»lls  of  the  Ohio  and  the  enhirj^ement  of  the  LoiiisviUe  and  Portland  Canal  for  the 
liHcal  year  ending  June  30,  1878. 

The  work  projected  at  the  beginning  of  the  year  was  as  follows:  To  complete  the 
rock-excavation  at  the  hea<l  of  the  canal;  to  complete  the  cross-dam  at  the  head  of  the 
falls,  leaving  an  opening  of  600  feet  opposite  the  Indiana  Chute  for  the  benefit  of  de- 
scending navigation;  to  make  a  new  opening  of  400  feet  at  the  hea^l  of  the  middle 
channel  to  benefit  ascending  navigation  at  certain  stages  of  the  river;  to  close  400  feet 
of  the  Indiana  opening  and  the  entire  middle  opening  with  movable  dams,  thus  leav- 
ing an  opening  of  1,000  feet  during  high  water  and  closing  this  opeuing  to  200  feet 
during  low  water,  when  the  falls  are  not  available  for  ascending  boats;  to  remove  the 
worst  obstructions  in  the  Indiana  Channel  over  the  falls. 

On  the  17th  of  August,  1877,  the  stage  of  the  river  was  such  as  to  justify  getting 
tools  and  ma<*hinery  ready,  and  ten  days  later  the  building  of  the  coffer-dam  around 
the  rock  at  the  head  of  the  canal  was  commenced.  Though  work  on  the  coffer-dam 
wjis  several  times  delayed,  and  portions  ipjured  l)y  the  waves  of  passing  steamers,  it 
was  so  far  completed  by  September  24  that  the  ro<rk-excavation  could  be  commenced. 

Work  was  carried  on  day  and  night,  and  at  11.25  a.  m.  on  the  11th  of  November  the 
last  yard  of  stone  was  removed,  thus  comideting  a  work  which,  owing  to  unfavorable 
stages  of  water  and  lack  of  funds,  has  extended  through  many  years.  A  few  hours 
after  the  completion  of  this  work  tlie  rapidly-rising  river  doo<le(l  the  dam. 

During  September,  October,  and  November  the  cross  and  wing  dams  were  repaired, 
and  the  cross-dam  was  extended  128  feet. 

No  further  extension  of  this  dam  should  be  made  until  the  new  0]:»ening  is  made 
at  the  head  of  the  middle  channel  and  a  few  of  the  worst  obstructions  in  the  Indiana 
Channel  removed. 

To  ascertain  the  cost  and  practi<'ability  of  building  a  coal-chute  over  the  falls,  a 
detailed  survey  of  certain  portions  of  the  river-bed  was  made.     Before  this  survey  could 
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be  extended  to  the  Indiana  Chnte  high  water  drove  off  the  party,  but  a  complete  aud 
detailed  map  of  the  middle  channel  has  been  prepared.  In  October  preparations  were 
made  for  removing  some  of  tlie  worst  obstructions  at  the  head  of  the  Indiana  Chute, 
with  a  special  view  of  obtaining  data  upon  which  to  found  correct  estimates  of  the 
cost  of  extending  this  work.  With  the  co-operation  of  Captains  Lockhart  and  VarbW. 
falls  pilots,  those  points  were  selected  for  work  which  would,  with  a  small  expenditim 
of  money,  give  the  greatest  amount  of  relief.  After  anchoring  above  the  reefs  boat-) 
to  work  from,  and  placing  triangular  bit^ak waters  to  uncover  rocks,  a  rise  in  the  river 
stopped  the  work. 

The  following  is  a  summary  of  tlie  work  accomplished  during  the  year:  1,3.56  linear 
feet  of  coffer-<lam  10  feet  wide  and  averaging  8  feet  in  height  was  built ;  5,659  cubic 
yards  of  stone,  ttl7  cubic  yards  of  earth,  aud  a  wrecked  iron  barge  were  removed  from 
inside  the  cofter-dam. 

The  cross-dam  at  the  crest  of  the  falls  was  extended  128  feet,  aud  both  wing  aod 
cross  dams  were  repaired. 

The  total  expenditures  for  the  year  wafi  $32,054.01,  divided  among  the  work&  3^ 
follows : 

5,659  cubic  yards  rock-excavation,  at  $3.71 $31,lft5  T 

817  cubic  yards  earth-excavation  and  r<*moval  of  wreck  of  iron  barge, 

at$4.44: 3,©4:fi 

128  linear  feet  of  cross-dam.  at  $19.42 2,485^ 

Repairs  on  wing  and  cross  (lams • 3,3311*4 

Survey  of  the  fells 997  ti 

Contingencies  of  engineering,  office  expenses,  &c 510  29 

Total 32, 054  O: 

The  cost  per  foot  for  cross  dam  was  greater  than  during  the  previous  years,  the  das 
being  higher,  the  depth  of  water  being  greater,  and  the  current  more  swift. 

The  cost  of  the  rock-excavation  was  increased  by  the  accidents  to  the  coffer-daa 
the  large  amount  of  deposit  and  the  old  wreck  included  in  the  stripping,  aud  (^ 
necessity  for  pressing  the  work  with  a  very  lar^e  force  day  and  night. 

But  with  all  this  the  cost  of  removing  a  cubic  yard  of  rock  as  done  by  days'  labe: 
was  $1.96  less  than  the  lowest  bid  made  for  the  work  in  1873.  thus  saving  $20,329.1^ 
to  the  government.  There  now  remains  available  of  the  $100,000  appropriated  in  1-^^ 
$47,360.67,  and  with  this  amount  the  following  work  will  be  commenced  and  as  mw^ 
as  possible  completed,  when  low  water  permits.   Work  will  be  carried  on  economically- 

A  movable  dam,  400  feet  long,  will  be  built  parallel  with  and  about  50  feet  l)elo» 
the  permanent  dam,  opposite  the  middle  channel  of  the  falls.  When  this  dam  is  cooi- 
pleted  400  feet  of  the  permanent  dam  will  be  removed. 

Some  of  the  worst  obstructions  in  the  Indiana  Channel  will  be  removed  and  esn- 
mates  made  for  the  removal  of  other  obstructions. 

The  cross-dam  on  the  crest  of  the  falls  will  be  protected  from  the  imurions  effects  of 
ice  and  drift,  and  the  dam  will  be  extended  185  feet,  reducing  the  Indiana  opening  to 
600  feet. 

It  is  not  probable  that  the  closing  of  400  feet  of  this  opening  with  a  movable  clnci 
can  be  attempted  with  the  halance  on  hand,  hut  the  necessity  for  this  will  not  Ik*  t«'l^ 
until  the  general  improvement  of  the  Ohio  gives  a  minimum  depth  of  6  feet  throujrfc- 
out  the  year. 

Very  respectfullv,  vour  obedient  servant, 

A.  N.  Lee, 
Captain  of  Enginctrt. 

Capt.  A.  Mackenzie, 

Corp8  of  Engiueei'Sj  U.  S,  J. 

This  improvement  can  only  be  carried  on  economically  during  lov 
water,  but  fortunately  the  work,  while  necessary,  is  not  of  such  inipew- 
tive  necessity  as  to  require  the  extravagant  expenditure  which  would 
attend  work  attempted  during  high  water. 

The  rock-excavation  at  the  head  of  the  Louisville  and  Portland  CanaL 
which  was  cx)mmenceil  in  October,  1873,  was  completed  during  the  pa*^ 
season.  This  work  has  been  done  by  days'  labor,  and  its  totid  cost  h{J> 
been  much  less  than  it  would  have  been  had  the  bids  of  contractors  Ix^^ 
accepted  when  the  work  was  advertised  in  April  and  June,  1873. 

By  the  completion  of  this  work  the  enti-ance  to  the  canal  has  Ixn^n 
widened  and  gi-eatly  improved. 

The  cross-dam  on  the  crest  of  the  falls  was,  during  the  season,  exteiulcHi 
128  feet,  reducing  the  opening  opposite  the  Indiana  Chute  to  782  iW 
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lieaa  ot  tlie  pass  ana  improvea  descenaing  navigation,  it  nas  so  increased 
the  current  as  to  increase  somewhat  the  difficulty  of  ascending  this  pass. 
But  this  is  a  matter  of  little  importance,  as  but  a  few  powerfid  boats  are 
able  to  make  this  ascent  during  the  brief  period  in  which  the  extension 
materially  affects  the  current. 

A  new  and  much  better  channel  for  boats  able  to  ascend  the  falls  will 
soon  l>e  provided. 

A  detailed  survey  of  tlie  channels  over  the  falls  was  commenced  during 
the  season,  but  owing  to  high  water  was  not  completed.  The  object  of 
this  survey  was  to  determine  the  cost  and  feasibility  of  building  an 
additional  canal  or  coal-chute  over  the  falls. 

An  attempt  was  also  made  to  remove  a  few  of  the  worst  obstructions 
in  the  Indiana  Chute.  The  river  rose  rapidly  alter  commencing  the  work, 
and  but  httle  was  accomplished.  It  is  not  proposed  to  devote  much  of 
the  i)re8ent  appropriation  to  this  work,  for  it  has  never  yet  been  demon- 
strated that  the  results  to  be  obtained  from  an  extensive  improvement 
of  this  channel  will  be  commensurate  with  the  cost  of  the  work.  Enough 
work  will  be  done  to  determine,  in  connection  with  the  survey,  this 
ijuestion. 

There  remains  unexpended  of  the  appropriation  made  in  1875  $47,360.67, 
and  the  following  project  for  the  expenditure  of  this  money  has  been 
approved:  To  make  a  new  opening  of  400  feet  in  the  cross-dam  on  the 
crest  of  the  falls  at  the  head  of  the  middle  channel,  and  to  close  this 
oi)ening  with  a  movable  dam,  which  can  be  closed  during  low  stages  of 
the  river.  To  extend  the  cross-dam  182  feet,  reducing  the  Indiana  open- 
ing to  600  feet.  To  plate  the  upper  portion  of  the  cross-dam  with  iron. 
To  conthiue  the  8ur\^ey  and  examination  of  the  channels  over  the  falls, 
and  remove  a  few  of  the  worst  obstructions  in  the  Indiana  Channel. 

Since  plans  for  completing  the  enlargement  of  the  Louisville  and  Port- 
land Canal  and  improving  the  navigation  of  the  falls  were  presented  and 
approved  in  1867,  various  modifications  in  details  have  been  authorized, 
as  experience  suggested  them ;  but  with  all  these  changes  the  general 
idea  has  been  kept  in  view,  that  the  only  radical  methc^  of  improving 
the  navigation  of  the  falls  was  by  building  around  or  over  them,  and 
that  all  other  means  of  rendering  assistance  were  secondary  in  importance. 

It  will  never  be  practicable  to  do  away  entirely  with  delays  at  the  £ei11s, 
for  it  must  be  remembered  that  the  rocks  forming  the  obstructions  were  ^ 
])laced  in  the  river  by  nature,  and  that  by  no  human  means  can  naviga- 
tion at  this  point  be  rendered  as  easy  and  rapid  as  in  the  unobstructed 
river.  These  delays  should  be  considered  relatively.  At  one  time  they 
were  indefinite,  na^agation  being  suspended  except  during  the  brief 
period  of  high  water.  At  a  later  date  they  were  reduced  by  building  a 
canal ;  since  the  canal  has  been  enlarged  the  delays  have  been,  as  com- 
pared with  former  times,  insignificant. 

In  the  future,  when  the  business  of  the  river  will  warrant  it,  and  de- 
lays become  very  serious,  additional  canals  must  be  built. 

In  the  meanwhile,  it  is  well  the  work  should  be  continued  as  at  pres- 
ent, gi'adually  completing  and  unpro^ing,  as  far  as  cost  will  justify,  all 
existing  channels,  and  obtaining  at  the  same  time  data  for  luture  addi- 
tional aids  ^o  navigation. 

The  rea.soiis  for  the  exceeding  of  the  original  estimate  for  this  work  has 
been  given  in  i)revious  reiM)rts.  The  excess  in  cost  as  far  as  enlarging 
the  canal  is  coiicenieil  was  caused  entirely  by  the  manner  in  wiiicb  appro- 
l)riati()ns  were  made. 
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As  repirds  the  dams  and  accessoiy  works  of  improvement,  slight 
modifications  in  the  plans  have  affected  the  cost. 

The  original  estimate  for  thii4  work  was  $1,243,500.  There  has  been 
allotted  and  appropriated  for  it  as  follows: 

1868,  allottM - $So,m 

1869,  aUottod 178,2J>i 

1870,  appropriated ^m 

1871,  appropriated.. 250, (KXJ 

1872,  appropriated 300.000 

1873,  appropriated 100,0(>0 

1875,  appropriated 100,000 

Total 1,468,20!' 

Of  this  amount,  $1,415,839.33  has  been  expended. 

]S^o  additional  appropriation  is  re(iiured  for  the  next  ftsciil  year. 

The  work  is  located  in  the  third  collection-district  of  Kentucky.    The  nearest  port 

of  entry  is  Louisville,  Ky. 
The  amount  of  revenue  collected  at  this  ]M>rt  during  the  fiscal  year  waa  $55,033.5<\ 
The  couniierce  and  navigation  of  the  Mississippi  River  and  all  its  branches  will  k 

benefited  by  the  completion  of  this  work. 

Money  statement 

July  1,  IB77,  amount  available $82,650  6? 

J nly  1,  1878,  amount  expended  during  fiscal  year 35,291)01 

July  1,  1P7H,  amount  available ' 47,360  6? 


T2. 

SLTERIXTENDKNCE,   MAXAGEMENT,    AND    REPAIR    OF    THE    LOUISVILLE 
AND  PORTLxVND  CANAL. 

The  annexed  report  of  Capt.  A.  N.  Lee,  Corps  of  Engineers,  gives  in 
detail  the  history  and  condition  of  the  work  during  the  past  fiscal  .ve«v. 

The  rejiairs  and  improvements  necessary  for  placing  and  keeping  tk 
canal  and  it«  accessories  in  perfect  working  order  have  been  coutinmnl 
as  ill  former  years. 

The  rules  and  regulations  for  the  government  of  the  canal  and  tho* 
using  it,  referred  to  and  given  in  previous  reiK)rts,  were  approved  hy  tk 
Secretary  of  War.  They  have  been  published  for  the  benefit  of  all  con 
cemed,  but  as  no  penalties  are  as  yet  attached  to  the  violation  of  these 
rules,  it  may  be  impossible  in  some  cases  to  enforce  them. 

Authority  has  been  granted  for  converting  the  three  chambers  of  tbr 
old  locks  into  two,  building  new  gates,  and  otherwise  placing  these  lockcH 
in  good  working  order.  This  work  has  been  commenced  and  will  be  con 
tinned  wlien  low- water  permits.  This  improvement  will  greatly  assist  m 
the  passage  of  coal-tows,  and  the  old  locks  so  convertexi  will  accommo^ 
date  all  boats  running  during  the  low-water  season,  permitting  the  closing 
of  the  new  locks  for  repairs. 

The  business  of  the  canal  continues  to  increase,  and  already  demaiid> 
are  made  for  increased  accommodations,  but  the  apparent  necessity  IW 
this  at  present  is  due  to  the  accumulation  of  business  during  coal-runs. 
If  this  business  were  distributed  throughout  the  year,  the  canal  has  sufli- 
cient  capacity  to  accommodate  all  comers  without  any  appreciable  delay. 

In  January,  tolls  were  reduced  about  one-fifth ;  but  notwithstanding 
this  reduction  the  receipts  have  continued  to  be  in  excess  of  the  expensc>. 
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and  it  is  almost  certain  that  a  further  reduction  can  be  made  next 
January. 

To  satisfy  a  demand  frequently  made,  there  is  added  to  this  report  a 
historical  and  descriptive  sketch  of  the  Louisville  and  Portland  Canal, 
with  10  plates. 

Annexed  hereto  is  the  financial  statement  for  the  fiscal  year  ending 
June  30,  1878. 

Financial  statement  for  fiscal  year  ending  June  30,  1878. 
Expenditares. 


Months. 


1877. 

July  

Aupiat 

Scpt«'mber 

October 

November 

December  — 

1878. 

January 

Febmary 

March 

April 

May 

June 


Amounts. 


$60 
8,716 
1,239 
9,d»4 
6,167 
5,358 


8,720 
4,397 
533 
9, 155 
4.500 
5.358 


62, 203  70 


Deposit*. 
Months. 


Amounts. 


July 

Aujfust 

September . 

October 

November . 
December. . 


1877. 


1878. 

January 13, 108  73 

JTebruarj- 8,260  00 

March 7,566  76 

Anril 8,778  68 

May I  12,545  75 

June I  7.670  93 


$9,631  25 
3, 798  59 
1. 957  20 
1,990  00 
9, 498  95 

14,364  02 


99, 110  86 


Cash  on  hand  June  30,  1878,  $81,739.78. 


REPORT  OF  CAPTAIN  A.  N.  LEE,  CORPS  OF  ENGINEERS. 

Louisville,  Ky.,  June  30,  1878. 

Sir  :  I  have  the  honor  to  submit  the  following?  report  on  the  superintendence,  man- 
agement, and  repair  of  the  Louisville  and  Portland  Canal  for  the  fiscal  year  ending 
June  30,  1878. 

Part  of  this  report  must  necessarily  be  a  repetition  of  that  submitted  at  the  close  of 
the  last  calendar  year. 

WORK  ACCOMPLISHED  ON  THE  NEW  CANAL. 

The  new  guard-gates  for  the  hea<l  of  the  canal  which  were  under  process  of  construc- 
tion at  the  date  of  the  report  for  the  last  fiscal  year  were  completed  and  ])laced  in  position 
by  December  20 ;  they  cost  $4,572.76,  and  the  building  of  them  under  the  immediate 
direction  of  the  superintendent  of  the  canal  has  resulted  in  having  the  work  admirably 
done,  as  well  as  saving  several  thousand  dollars. 

New  windinc-drums  have  been  put  in  at  the  middle  and  lower  gateR  and  gearing 
lias  been  added,  increasing  the  power  of  the  capstans  and  strengthening  all  parts  of 
the  apparatus.  The  working  in  both  cases  has  Iwen  satisfactory.  Two  new  opening- 
chains  of  1  inch  in  diameter  nave  been  sulmtituted  for  the  old  ones  at  the  lower  gates, 
one  of  Norway  and  the  other  of  the  best  Tennessee  iron.  It  is  proposed  to  test  their 
relative  durability. 

The  anchors  of  the  mast-gnys  have  been  reset  in  solid  stone  and  cement.  In  some 
cases  they  were  broken  and  in  others  loose  in  their  foundation.  A  large  amount  of 
grading  and  sodding  has  been  done,  and  the  north  bank  between  the  upper  and  middle 
gates  is  now  in  perfect  order. 

The  deposit  rcniove<l  from  the  lock-wall  and  bank  has  been  used  to  fill  in  the  ravine 
in  rear  and  at  side  of  superintendent's  ofl)<*e. 

The  cistern  in  rear  of  office  has  be«»n  entirely  covered  with  this  material,  connected 
with  the  office,  and  a  waste-pipe  from  one-half  of  the  toll-collector's  house.  A  pump- 
house  has  been  erected  over  the  cist<*ni  and  the  pump  will  be  placed  in  position  in  a 
few  days. 
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The  siiperiutciident'B  office  was  completed  and  occupied  by  November  21, 

The  oki  roadway  of  the  bridge  at  the  new  locks  has  been  entirely  replaced  by  a  new 
one,  the  iron-work  painted,  and  the  bridge  generally  placed  in  fixst-rate  working 
order. 

On  the  18th  of  September,  the  wat-er  being  low  and  business  almost  suspended,  tbe 
canal  was  closed  for  repairs  for  the  middle  miter  sill  of  the  new  locks.  The  work  oc- 
cupied about  sixteen  days.  All  broken  and  iigured  stones  were  replaced  by  hard  lime- 
stone set  in  Portland  cement,  and  the  repairs  made  as  thorough  as  possible.  Tbe  work 
can,  however^  only  be  regarded  as  temjjorary,  as,  when  time  will  permit,  the  whole  bill 
must  be  rebuilt.    The  canal  was  reopened  October  5. 

While  the  water  was  out,  the  miter-sill  and  roller-ways  of  the  guard-gates  at  the 
head  of  the  caual  were  thoroughly  repaired. 

A  wagon-shed  has  been  erected  adjoining  the  stable  and  the  stable  thoroughly 
repaired. 

A  large  shed  for  the  storage  of  derricks  and  machinery  generally  has  also  been  built. 
and  all  the  canal  buildings  and  fences  recolored  or  whit<ewashed. 

Most  of  the  work  above  referred  to,  in  a<ldition  to  numerous  minor  improvements 
ordinary  repairs,  and  regular  duties,  has  1>een  carried  on  under  the  immediate  direc- 
tion of  the  superintendent,  and  as  far  as  possible  the  work  has  been  done  by  the  regu- 
larly employeid  mechanics  and  laborers. 

The  work  done  by  tow-boats  and  dredges  and  by  lock  hands  in  passing  boats  is  givou 
in  annexed  tables. 

OLD  LOCKS. 

Owing  to  high  water,  no  work  has  been  done  on  the  improvement  of  the  old  look* 
since  November  11 ;  previous  to  that  time,  however,  the  lower  mit<er-sill  and  roller- 
ways  were  thoroughly  repaired,  a  large  portion  of  the  rock-excavation  in  the  lower 
chamber  made,  and  the  masonry  for  new  gat«-reoe«ses  had  been  commenced. 

Plans  and  estimates  for  the  lower  and  middle  gates  have  been  prepared,  the  timber 
and  iron  purchased  for  their  construction,  and  the  work  of  framing  is  well  under  way. 
Tlie  work  will  be  done  entirely  in  the  canal  shops,  and  it  is  believed  that  the  result 
will  show  a  large  saving  over  contract  work,  and  that  the  work  will  be  much  better 
done. 

NUMBER  AND  SALARY  OF   EMPLOYES. 

The  regular  canal  force  remains  the  same  as  given  in  the  last  annual  report,  except 
that  the  position  of  foreman  of  dredges  has  been  done  away  with,  but  it  has  been  nec- 
essary to  employ  extra  mechanics  and  laborers  from  time  to  time  upon  works  of  im- 
provement. 

The  regular  pay-roll  of  employes  now  amounts  to  $37,915.  Since  the  GovemmeD; 
assumed  ooutroi  of  the  canal  the  pay-roll  has  been  reduced  |2,045. 

RATES  OF  TOLL  REGULATION. 

The  reduction  in  rates  of  toll  recommended  in  the  report  of  the  last  calendar  year 
having  been  approved  by  the  proper  authorities,  the  new  rates  took  effect  Febnian 
4, 1878. 

They  are  as  follows : 

Steamboats  and  model  barges,  8.  cents  per  ton. 

Square  barges,  flats,  coal-boats,  &c.,  6  cents  per  ton. 

All  empty  square  barges  and  coal-boats,  5  cents  per  ton. 

Small  boats,  $4  each. 

Eafts  of  logs,  &c.,  measurement  and  rates  the  same  as  for  coal-boats. 

Boats  belonging  to  or  chartered  by  the  United  States,  free. 

Towing,  harbor  ratos. 

Use  of  dredge,  $2.50  per  hour. 

Use  of  steam-pump,  $2.50  per  hour. 

Use  of  (b-y-dock,  $15  for  fii-st  day  and  $10  each  subsequent  day. 

With  this  reduction,  the  receipts  of  tolls  for  the  months  of  Februarjs  Matx*h,  April, 
May,  and  June  of  this  year  were  $43,549;  for  the  corresponding  months  of  lv**77, 
$45,740.60.  This  shows  a  considerable  increase  in  the  business  of  the  canal,  and  that 
a  still  further  reduction  of  toll  may  be  made  at  some  future  time.  This  sliould  not  l»e 
done,  however,  until  all  parts  of  both  the  old  and  the  new  locks  axe  in  thorough 
working  order  and  all  works  of  permanent  improvement  completed. 

RECEIPTS  AND  EXPENSES. 

The  receipts  for  the  year  have  amounted  to  $99^613.50,  being  $:34,449.95  in  excess  o( 
expenditures,  and  $52,620.11  in  excess  of  operating  expenses.  The  expenses  during! 
the  year  have  been  $65,163.55.     Of  this  amount  $18,170.16  was  applied  to  extensive 
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the  canal  in  good  working  order  are  much  greater  than  at  any  other  point. 

These  diflflculties  arise  S:om  the  defective  manner  in  which  the  gat<$s  are  suspended, 
their  extreme  weight,  and  the  immense  amount  of  deposit  brought  into  the  canal  and 
lock-chambers.  The  expense  attending  the  removal  of  this  deposit  alone  must  neces- 
sarily l>e  great,  as  it  requires  the  almost  constant  employment  of  a  steamboat,  2  dredges, 
and  4  dump-scows. 

WORK  PROJECTED  FOR  NEXT  YEAR. 

The  following  work  will  be  attempted  during  the  coming  year  if  money  and  time 
are  available : 

Rebuilding  the  old  locks,  converting  three  chambers  into  two. 

Building  tiiree  sets  of  liit-gates  auu  one  set  of  guard-gates  for  same. 

Building  one  set  of  lift-gates  for  new  locks. 

Moving  the  bridge  crossing  the  old  locks  to  a  more  convenient  locality. 

Changing  the  method  of  suspending  the  gates  of  the  new  locks  and  substituting 
iron  for  wooden  masts.  The  present  method  is  very  defective  and  largely  increases  the 
cost  of  working  the  canal. 

Building  a  sufficient  number  of  cottages  on  the  south  bank  of  the  canal  to  accom- 
modate the  lock-hands. 

Continuation  of  grading  and  sodding  of  both  banks  of  the  canal  below  the  bridge, 
using  the  material  removed  from  banks  and  lock-walls  for  filling  in  about  the  superin- 
tendent's office. 

Replacing  frame  engine-house  and  watch-houses  on  lock-walls  with  substantial  ones 
of  stone  or  orick. 

Building  a  new  hull  for  dredge  No.  1. 

Ordinary  superintendence,  management,  and  repairs. 

In  conclusion,  I  take  great  pleasure  in  testifying  to  the  faithful,  just,  and  efficient 
manner  in  which  the  superintendent  and  his  assistants  have  performed  their  duties. 
Very  respectfully,  your  obedient  servant, 

A.  N.  Lkk, 
Captain  of  Engineers. 

Capt.  A.  Mackenzie, 

Corps  of  EnffineerSj  U,  S,  A. 

Detailed  statement  of  vessels  passed  through  the  Loumfille  and  Portland  Canal  during  the 
fiscal  year  ending  June  30,  1878. 


Date. 


1877. 

July 

August 

Sojitember 

October 

Xoveniber 

December 

187a 

January  

February  

March 

April 

May 

June 

Total... 


Paasenger  boats.       Tow-boats. 


Under 
tonnage. 


33,084 
25,676 
10, 811 
14,243 
81,006 
34,343 


28,477 
22,408 
21,560 
38,773 
30,003 
35,417 


327,  610 


Under 
tonnage. 


487 


5,887 
2,585 
343 
1,  510 
5,103 
8,087 


8,773 
4,034 
6,482 
7,368 
0,651 
7,116 


Model  barges. 


67,020 


50 
20 
71 

87 
105 
00 


705 


Under 
tonnage. 


20,434 
5,256 
1,603 
1,620 
16,737 
18,073 


K801 
7,777 
10,283 
22,158  i 
27,373 
24,400 


Square  barges. 


208 
35 
31 
37 
262 
338 


186 
366 
183 


178,614  ,    2,527 


Under 
tonnage. 


55,826 
4,005 
5,808 
3,441 

53,460 
110,700 


128,801 
72,288 
70, 105 
46,370 

117,300 
46,023 


724, 325 


Small 
boats. 


13 
10 
2 
0 
44 
8 


11 
0 

15 
6 

12 

10 


158 
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Detailed  statement  of  receipts  of  the  LouisriUe  and  Portland  Canal  for  the  fiscal  year  endXviq 

June  30,  1878. 


534 
361 
252 
235 
324 
381 
885 
756 
886 
106 
52 


Design&tion. 


SteaxnboatA — 

do 

Tow-boata 

do 

Model  barges. . 

do........ 

Square  barges . 

do 

do 

Small  boats 

do 


Nuinl)erof 
tous. 


181, 302 
146,308 
32,789 
35, 140 
78,903 
100, 711 
250,900 
236. 418 
237,007 


Price  per      Amonnt 
ton.       I   collected. 


10  10 
08 
10 
08 
10 


06 

05 

*5  00 

*4  00 


$18, 130  30 

11, 701  64 

3.278M 

2,811  3U 

7, 890  3«) 

8,0a6^(^ 

20,072  09 

14, 185  ^'^ 

11,850  33 

530  00 

208  00 


Receipts  from  rent 

Receipts  from  dry-dock.. 
Receipts  from  to'wing — 
'^      •   -    -         -   dglng. 


Receipts  frvm  dredg 


Total  receipts., 


98, 717  K 

402  7  J 

239  Oi.) 

138  OD 

USlSl 

99,613  50 

*£ach. 

Note. — This  statement  includes  the  amonnt  ooUectod  up  to  12  ^.  m.  of  the  night  of  Jane  30,  1878,  and 
will,  therefore,  not  agree  with  the  amount  of  deposits  as  shown  in  financial  statement. 

Detailed  statement  of  expenses  for  superintendeneey  management,  and  repairs  of  the  ZouisriHf 
and  Portland  Canal  for  the  fiscal  year  ending  June  30,  1878. 


Bate. 


Lockage  department. 


Dredge  department 


I 

1877.  I 

July $2,384  83 

August 2,330  00 

Seplember 1  2, 205  00 

October ]  2,286  00 

November j  2,247  52 

December |  2,697  59 

187a  I 

January 2, 639  66 

February ,  2, 552  25 

March I  2,601  43 

April -J  2,375  00 

May .1  2,375  00 

June 2,375  00 

Total 29,069  28 


I 


I 


$264  04  ,$2, 648  87 
230  01  2, 560  01 


1,  083  71 

1, 101  71 

814  05 

147  97 


316  52 
119  84 
148  42 
181  97 
253  87 
226  24 


3, 288  71 
3,  387  71 
3,061  57 
2,845  56 


2,  956  18 
2,  BT2  09 
2,  749  85 
2,  556  97 
2,628  87 
2,  601  24 


$925  58 
915  00 
900  00 
852  00 
821  34 
820  00 


820  00 
835  00 
8;{5  00 
835  00 
861  75 
835  00 


I 


I 


Graofl 
total 


$194  80  $1, 120  38  $1, 172  43  I  $4, 941  «i 
261  85  1, 176  85  1, 368  13   S,  104  » 


235  82 
170  16 
203  98 
223  76 


271  75 
373  91 
192  37 
300  70 
178  99 


1, 135  82 
1, 022  16 
1, 025  32 
1,043  76 


1,  091  75 
1,208  91 
1,027  37 
1, 135  70 
1, 040  74 


172  00  I  l|  007  00 


5,104i 

1,417  42  I  5.841  9& 

2, 178  12  6, 54«7  » 

1, 084  66  5, 171  v 

503  56  I  4,332  £« 


3,137  63 
81  17 
554  33 
1,071  20 
1, 795  18 
3.806  33 


7,185  56 
3.962  1: 
4, 331  v. 
4. 763  f  7 
5,464  :? 
7,414  57 


4, 888  35   33, 057  63  |10, 255  67     2, 780  09  'l3, 035  76  Il8, 170  16  I  65, 163  :i-' 


Note. — This  statfrnent  shows  the  expenses  of  the  month  In  which  they  were  incurred,  and  will 
therefore  not  agree  with  the  amount  of  expenditures  as  given  in  financial  statement- 


HISTORICAL  AND  DESCRI1*TIVE    SKETCH  OF  THE    LOUISVILLE  AND  PORTLANT>   CAXAL. 

A  mass  of  rocks  in  the  bed  of  the  Ohio  River  opposite  Louisville,  Ky.,  forms  aserit^s 
of  obstructions  known  as  the  Falls  of  the  Ohio.  The  bed  of  the  river  at  this  point  has 
a  fall  of  26  feet  in  a  distance  of  about  2  miles,  four-fifths  of  this  fall  being  within  a 
distance  of  about  1  mile. 

The  river  rises  and  falls  more  rapidly  below  than  above  the  rapids,  the  difference  of 
level  being  26  feet  durinjyr  low  water  and  but  18  inches  when  the  river  is  high. 

The  falls  or  rapids  are  impassable  during  a  large  portion  of  the  year,  and  at  all  other 
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times  except  when  the  river  is  very  high,  navigation  over  them  is  difficult  and  dan- 
gerous. 

As  early  as  the  year  1802  the  expense  and  delay  attending  the  reshipment  of  freight 
around  the  falls  from  the  Lower  to  the  Upper  Ohio  had  become  so  si'iious  that  nnmer- 
ous  plans  were  proposed  for  overcoming  the  obstruction,  but  no  active  measures  were 
taken  until  the  year  1825,  w^hen  a  stock  comp.any  obtained  a  charter  from  the  legisla- 
ture of  the  State  of  Kentncky,  anthorizing  them  to  construct  a  canal  around  the  Falls 
of  the  Ohio  within  the  State  of  Kentucky. 

This  canal  was  completed  and  the  tiret  boat  passed  through  December  22,  1830, 
though  many  snbsequent  improvements  were  made.  As  originally  constiiicted  the 
canal  was  1.^  miles  long,  64  feet  wide,  and  had  at  its  lower  end  three  lift -locks  (com- 
bined), each  198  feet  long,  between  initer-posts,  with  available  length  of  185  feet,  50 
feet  wide,  with  lift  of  8|  feet. 

The  final  estimates  of  the  engineer  in  charge  on  the  amount  of  work  done  were  as 
follows:  Earth  excavation,  615,^^9  cubic  yards;  rock  excavation,  162,551  cubic  yards; 
I'mbankment,  133,203  cubic  yards;  masonry,  27,713  perches  of  25  cubic  feet ;  pavement, 
113,635  square  yards. 

The  average  prices  paid  for  work  were  as  follows :  For  earth  excavation,  15  cents 
per  cubic  yard ;  for  rock  excavation,  $1.50  per  cubic  yard ;  for  masonr>',  S12.37  per 
perch ;  for*^i)aving  slopes,  1  foot  thick,  15  cents  per  square  yard.  The  company  were 
at  the  additional  expens<^  of  furnishing  and  working  a  steam-pump,  when  necessary. 

The  total  cost  of  the  work,  including  the  purchase  of  land  and  building  canal,  was 
^1  019,277.09. 

in  18;i0,  when  the  canal  was  completed,  its  dimensions  were  thought  to  be  sufficient 
for  all  time,  but  gradually  the  size  and  model  of  steamboats  wei*e  so  changed  that  in 
18,52  but  fifty-seven  one-hundredths  of  the  tonnage  engaged  on  the  western  waters 
could  pass  through  the  locks. 

The  aid  of  Congress  was  invoked  from  time  to  time,  and  in  1842  an  elaborate  me- 
morial was  presented,  setting  forth  the  inadequacy  of  the  Louisville  and  Portland 
Canal  and  asking  for  an  appropriation  for  its  enlargement. 

The  evident  necessity  for  an  enlargement,  as  well  as  the  demand  of  the  public 
f(i>r  a  reduction  of  the  heavy  rates  of  toll,  induced,  in  many  of  the  stockholders,  the 
opinion  that  the  canal  should  be  held  by  the  United  States,  enlarged,  and  made  free, 
with  a  view  to  this,  the  Kentucky  legislature,  in  January,  1842,  upon  petition  of  the 
Louisville  and  Portland  Canal  Company,  amended  the  charter  to  admit  of  liquidating 
the  stock  and  ultimately  making  the  canal  free.  The  president  and  directors  were 
authorized  to  sell  the  stock  held  by  individuals  to  the  United  States,  the  State  of 
Kentucky,  or  the  city  of  Louisville,  or  further  to  appropriate  the  net  income  of  the 
canal  to  the  purchase  of  stock  belonging  to  individuals  instead  of  making  dividends 
therewith,  and  it  was  further  provid^  that  the  shares  so  purchased  should  be  held  in 
trust  by  said  directors  until  the  whole  belonging  to  others  than  the  United  States 
should  be  liquidated,  and  when  all  were  so  purchased  the  said  shares  should  be  trans- 
ferred to  the  United  States  on  condition  that  the  government  should  levy  tolls  only 
sufficient  to  keep  the  canal  in  repair  and  pay  all  necessary  expenses  for  custody  and 
superintendence  and  make  all  necessary  improvements  so  as  to  fully  answer  the  pur- 
pose's of  its  establishment  and  protect  the  interests  of  commerce.  This  amende<l 
charter  was  accepted  by  the  stockholders  July  4,  1842.  The  United  States,  one  of  the 
stockholdei-s,  was  represented  by  an  agent,  who  verbally  accepted  the  amendment,  but 
having  no  instructions  from  the  Secretary  of  the  Treasury,  did  not  have  his  vote 
reconled. 

In  February,  1844,  the  Kentucky  legislature  amended  the  act  of  January,  1842^  by 
enacting  that  in  the  event  of  the  United  States  becoming  the  sole  owner  of  the  canal, 
the  jurisdiction  of  the  commonwealth  over  the  said  canal  would  be  yielded  up  to  the 
Government  of  the  United  States,  and  no  reports  would  be  required  to  be  made  to  the 
general  assembly.  It  was  in  accordance  with  this  amendment  that  the  government 
liually  took  possession  of  the  canal. 

When  the  necessity  for  an  enlargement  became  apparent  and  the  tolls  became  a  bur- 
den on  western  commerce,  it  was  natural  for  those  interested  in  the  river  traffic  to 
look  to  Congress  for  relief;  for  not  only  was  the  canal  a  part-  of  a  national  highway, 
but  the  United  States,  being  a  large  stockholder,  had  derived  a  profit  from  the  tolls 
collected. 

In  June,  1825,  Congress  authorized  the  subscription  for  1,000  shares  of  stock,  and  in 
1H29  agiiin  authorized  a  subscription  for  1,335  shares,  which  had  been  forfeited  by  indi- 
vidual stockholders  for  want  oi  confidence  in  the  enterprise. 

In  Detrember,  1831,  567  shares  of  stock,  representing  interest  accrued,  were  issued  to 
the  United  States.  In  all,  the  government  owned  2,902  shares,  which  had  cost  but 
8233,500.  From  18i^  to  1842  the  government  received  as  dividends  from  tolls  imposed 
on  the  commerce  of  the  West,  $2o7,778.  During  the  same  time  there  was  paid  to  pri- 
vate stonkholderp  «^564,716. 

In  181:5,  after  all  individual  shares  had  been  purchased,  excepting  5  shares  held  by 
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the  directors  at  the  request  of  the  Secretary  of  the  Treasury,  the  stock  stood  as  fol- 
lows : 

Hehl  hy  directors  individually,  5  shares. 

Held  by  directors  in  trust  for  the  Uuited  States,  7,093  shares. 

Held  by  the  Uuited  Staters,  2,902  shares. 

The  United  States  had,  thei^fore,  without  expense  acquired  9,995  shares  of  stock, 
and  in  cousequeuce  of  the  refusal  of  Congress  at  this  time  to  accept  the  canal  as  a  gov- 
ernment wort,  on  the  conditions  imi)08ed  by  the  Kentucky  legislature,  its  manage- 
ment remained  in  the  hands  of  five  directors  of  the  canal  company. 

Despairing  of  goveniment  aid,  the  directors,  in  1856,  at  the  suggestion  of  the  Secre- 
tary of  the  Treasury,  prepared  plans  for  enlarging  the  canal,  and  an  act  was  obtained 
from  the  Kentucky  legislature  authorizing  the  directors  to  appropriate  the  revenue 
and  pledge  the  credit  of  the  company  for  the  enlargement  of  tne  canaL  On  the  24tli 
of  May,  1860,  Congress  ratified  this  authority  with  the  proviso  that  the  president  and 
directors  of  the  company  should  in  no  way  use  or  pledge  the  faith  or  credit  of  the 
United  States,  and  that  when  the  enlargement  was  completijd  and  paid  for  no  mor» 
tolls  should  be  collected  than  an  amount  sufficient  to  keep  the  canal  m  repair  and  pay 
necessary  expenses  of  superintendence  and  management. 

The  directors  inmiediately  raised  money  by  issuing  bonds,  purchased  land,  and  en- 
gaged the  services  of  Mr.  T.  H.  Scowden,  a  distinguished  hydraulic  engineer,  under 
whose  directions  detailed  plans  were  prepared  and  the  work  of  enlargement  was  com- 
menced. The  war  of  the  rebellion  so  increased  the  cost  of  labor  and  material  that  the 
original  estimates  were  greatly  overrun,  and  in  1866,  after  expending  |1, 825,403,  work 
was  necessarily  suspended. 

By  joint  resolution  of  Congress  approved  March  29,  1867,  the  Secretary  of  War  was 
directed  to  cause  to  be  madeoy  an  officer  of  the  engineei*s,  surveys  and  estimates  for  a 
shi])-canal  aroimd  the  Falls  of  the  Ohio  on  the  Indiana  side  of  the  river;  also  to  cause 
to  be  made  by  the  same  officer  estimates  for  completing  the  Louisville  and  Portland 
Canal  on  the  Kentucky  side  of  the  river. 

From  these  examinations  and  surveys  it  was  concluded  that  whatever  other  work 
might  be  necessary,  the  Louisville  and  Portland  Canal  should  be  iinmediat«ly  com- 
pleted. Upon  the  reconmiendation  of  the  Chief  of  Engineers,  United  States  Army, 
approved  by  the  Secretary  of  War,  an  allotment  was  made  in  1868  for  continuing  the 
eulargeineut  of  the  canal. 

The  condition  of  the  work  at  this  time  was  as  follows : 

The  masonry  work  of  the  new  locks  and  upper  guard-gates  was  finislied,  excepting 
new  miter-sills  of  locks^  the  stones  for  which  were  on  hand  but  not  placed. 

The  bridges  were  built. 

The  timber  for  the  gates  was  on  hand  and  partly  framed. 

The  machinery  for  moving  the  gates  was  piirtly  finished,  but  not  delivered. 

Below  the  locks  a  rock  ledge  obstructed  tne  entrance  to  the  canal. 

The  lock-chambers  and  space  from  the  locks  to  the  river  were  almost  entirolv  filled 
with  sediment,  and  willow  trees  three  inches  in  diameter  were  growing  in  the  locks. 

A  portion  of  the  excavation  in  the  branch  canal  and  large  oasin  was  doue^  but  a 
hea\'y  bank  of  earth  still  separated  the  new  branch  from  the  old  canal. 

A  small  portion  of  the  earth  excavation  along  the  south  bank  for  widening  the  canal 
had  been  made  and  the  earth  excavation  for  the  turn-out  basin  had  been  almost  com- 
pleted. 

The  work  determined  on  for  coqipleting  the  enlargement  and  improving  navigation 
was  as  follows : 

To  build  an  apron-dam  at  the  eastern  end  of  the  canal  in  continuation  of  the  nortli 
bank  about  1,800  feet  long,  to  prevent  boats  bein^i^  drawn  onto  the  rocks. 

To  build  a  cros»-dam  on  the  crest  of  the  fiUls  with  a  sufficient  height  to  secure  6  feet 
of  water  in  the  canal  during  low  stages  of  the  river.  This  dam  rendered  unnecessary 
3  feet  of  rock-cutting  in  the  canal  and  effected  a  saving  of  about  $300,000. 

To  build  a  dam  below  the  falls  from  the  head  of  Sand  Island  to  the  Indiana  shore, 
and  throw  all  the  water  during  low  stages  south  of  the  island  and  near  the  mouth  of 
canal. 

To  build  a  high-water  channel  in  the  river  tlirough  the  outer  half  of  the  draw  in 
the  railroad-bridge,  for  the  accommodation  of  boat^  when  the  river  was  so  high  that 
they  could  not  pass  under  the  bridge  through  the  wide  span  without  lowering  their 
chimney's. 

To  remove  the  rock  ledges  in  the  river  at  the  foot  of  the  canal  and  at  the  head  along 
the  apron-dam. 

To  complete  the  new  locks,  lay  miter-siUs,  build  and  hang  gates,  set  up  machinery, 
remove  deposits,  and  put  locks  in  working  order. 

To  complete  the  new  branch  canal,  and  widen  the  old  canal  22  feet,  by  removing 
earth  and  solid  rock. 

To  build  a  cut-stone  wall  for  the  protection  of  the  south  bank  and  a  portion  of  the 
north  bank. 
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The  new  and  enlarged  eaual,  though  still  incomplete,  was  thrown  open  to  naviga- 
tion February  26,  1872,  and  in  November,  1873,  the  work  of  enlargement  was  virtually 
completed. 

The  following  are  the  totals  of  work  accomplished  by  the  United  Stiites.  The  work 
done  by  the  company  is  not  included: 

Canal  proper, — Timber  used,  51,370  feet,  board-measure;  iron,  235,435  pounds ;  rock 
excavation,  including  old  wall  removed,  140,121  cubic  yards;  earth  excavation,  241,858 
cubic  yartls;  masonry,  42,516  cubic  yards:  filling,  9,473  cubic  yards. 

This  work  was  done  by  contract,  and  the  prices  paid  were  as  follows:  pine  timber, 
^0  i>er  thousand  feet ;  oak  timber,  $60  per  thousand  feet ;  cast  iron,  7^  cento  per  pound ; 
earth  excavation,  60  cents  per  cubic  yard;  rock  excavation,  $2. 14  per  cubic  yard; 
removing  old  wall,  $1.05  per  cubic  yanl;  dry  wall,  $9.91  per  cubic  yard;  cement 
masonry  (not  incUidiug  backing),  $8  per  cubic  yard. 

High-water  channel, — Earth  excavation,  42,710  cubici  yards;  dry  wall,  3,776  cubic 
yards;  tilling  Ix^hind  wall,  2,177  cubic  yards.  The  price  paid  for  earth  excavation  was 
39^  cents  per  cubic  yard,  and  for  masonry  $4.95  per  cubic  yaixl. 

Sand  Inland  dam  and  head  of  Sand  Inland. — Earth  excavation,  3,452  cubic  yards;  rip- 
rap, 11,922.41  cubic  yanls;  masonry,  2,543  cubic  yards.  The  prices  paid  were,  for  earth 
excavation,  50  cent's  per  cubic  yard;  for  riprap,  $3  per  cubic  yard;  and  for  masonry, 
$9.50  per  cubic  yard. 

Eoek  ledge  at  head  of  canal, — 10,372  cubic  yards  were  removed  at  an  average  cost  of 
$6.08  per  cubic  yard. 

Bock  ledge  in  the  river  below  the  canal, — Fffteen  hundred  cubic  yards  were  remove!  at 
a  cost  of  |9.32  per  cubic  yanl. 

There  was  allotted  to  this  work,  from  appropriations  by  Congress,  including  $100,000 
appropriated  in  1875,  $1,463,200,  making  the  total  cost  of  this  work,  including  original 
cost  of  canal,  the  amount  expendfnl  by  the  old  company,  and  the  amount  expended 
under  the  direction  of  the  Corps  of  Engineers,  about  $4,250,000.  Of  this  amount  the 
government  furnished,  including  bonds  assumed,  al)out  $2,500,000,  the  balance  being 
l>aid  for  by  a  tax  on  the  river  commerce  in  the  form  of  tolls. 

After  the  completion  of  the  enlargement  in  1873,  the  management  of  the  canal 
remained  in  the  hands  of  the  directors  of  the  old  company  until  Jime  11,  1874. 

On  the  11th  of  Ma^v,  1874,  an  act  of  Congress  was  appro vc^d  providing  for  the  pay- 
ment of  the  outstandmg  bonds  of  the  company,  and  the  secretary  of  the  Treasury  wa« 
authorized  t'O  purchase  the  5  shares  of  stock  held  by  the  directors  of  the  company. 
The  Secretaiy  of  War  was  directed  to  take  possession  of  the  canal  as  the  property  of 
the  United  Stat<?s,  as  provided  for  in  the  act  of  the  Kentucky  legislature  approved 
February  22,  1844. 

On  the  11th  of  June,  1874,  the  Secretary- of  War  took  possession  of  the  canal,  placed 
its  8uperint45ndence,  management,  and  repair  under  the  immediate  charge  of  the  Chief 
of  Engineers,  and  reduced  the  tolls  to  an  amoimt  barely  sufficient  for  paying  the  cur- 
rent expenses  and  making  necessary  repairs  and  improvements. 

Though  Congress  failed  to  respond  to  the  many  appeals  made  in  behalf  of  the  Louis- 
ville and  Portland  Canal  between  the  years  1830  and  1868,  it  caused  during  this  time 
several  surveys  and  examinations  to  he  made. 

In  1843,  in  accordance  with  a  resolution  of  Congress,  Captain  Cram,  Corps  of  Engi- 
neers, submitted  a  detailed  report  upon  the  Louisville  and  Portland  Canal  and  the 
improvement  of  the  falls.  This  rejwrt  is  printed  in  Ex.  Doc.  No.  243,  Twenty-eighth 
Congress,  first  session. 

In  1845,  Lieutenant-Colonel  Long,  in  pursuance  of  instructions  from  the  Bureau  of 
Topographical  Engineers,  made  an  examination  of  the  falls  and  prepared  plans  for  their 
improvement. 

In  1853,  in  accordance  with  joint  resolution  of  Congress,  a  board,  consisting  of  Bre- 
vet Lieut^^nant-Colonel  Lonj^  and  Brevet  Col.  William  Turnbull,  of  the  Topographical 
Engineers,  and  Charles  B.  Fisk,  esq.,  made  an  examination  and  report  upon  the  expe- 
diency of  building  a  new  canal  around  the  falls  and  the  advantages  and  disadvantages 
of  canals  on  the  Indiana  and  Kentucky  shores  of  the  Ohio  River.  Also  the  cost  of  en- 
iliirgiug  and  extending  the  Louisville  and  Portland  Canal.  This  report  is  printed  in 
}Ex.  Doc.  42,  Thirty-second  Congress,  second  session. 

I  In  1867,  in  accordance  with  joint  resolution  of  Conjpress  approved  March  29,  1867, 
Mty.  G.  Weitzel,  Corps  of  Engineers,  was  charged  with  a  survey  and  examination 
already  referred  to.  The  report  on  this  work  wm  be  found  in  the  Keport  of  the  Chief 
of  Engineei*8  for  the  year  1868. 

The  present  canal  leaves  the  Ohio  River  above  the  falls  at  a  iK>int  opposite  Eighth 
street,  runs  in  a  westerly  direction  in  front  of  .the  city  of  Louisville,  and  enters  the 
river  opposite  Sand  Island  a  short  distance  above  Portland,  Ky.,  and  b^low  all  per- 
manent obstructions  to  navigation. 
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for  paHsiiig  boats. 

Tne  length  of  the  canal,  inclncling  the  new  hranch,  m  2j  niileAj  and  the  widths  are 
at  npper  en  trance  400  feet,  at  tuniont  bwin  176^  feet,  and  thronghout  the  canal  85| 
feet.  The  depth  of  the  water  varies  with  the  stage  of  tlie  river.  When  the  cross-daui 
on  the  cre«t  of  the  falls  is  completed  the  ininimnni  dei)th  will  he  6  feet. 

The  south  hank  of  the  canal  and  the  greater  portion  of  the  north  bank  are  protects 
by  stone  walls  fonudwl  on  the  soli<l  n>ck  tlnx)ugh  which  the  canal  is  excavate.  From 
the  top  of  these  walls,  after  leaving  a  benne  of  from  15  to  30  feet  in  wiiltli,  earthen 
parapets  Tvith  slopes  of  2  on  1  rise  to  a  height  of  44  feet  above  the  canal  bottom  and 
1.3  feet  above  the  highest  known  flood. 

Near  the  head  of  the  canal  is  a  set  of  gnard-gates  nse<l  to  shnt  out  the  water  in  case 
repairs  are  necessarj'.  The  locks  are  all  placed  at  the  lower  or  western  end  of  thr 
canal.  The  old  set  ire  now  being  riMnodeled  by  converting  the  three  chamliers  into 
two  of  a  size  sufficient  for  passing  all  stem-wheel  boats  running  during  ordinary  stagw 
of  the  water,  and  all  sizes  of  li«t-boats  and  barges.  The  new  locks  form  the  outlet  t«f 
a  short  branch  leavinc  the  canal  a  sliort  distance  above  and  entering  the  river  a  short 
distance  b<dow  the  old  locks.  The  new  locks  are  the  pioneers  of  their  size  j  they  an^ 
two  in  number  (combined),  80  feet  in  width,  372  feet  in  length  between  miter-posts, 
with  an  available  length  of  335  feet ;  the  liffi*  are  12  and  14  feet. 

The  side-walls,  breast- walls,  and  bri<lge-piers  are  built  of  Cannelton  limestone,  laiil 
in  hydraulic  cement  in  regular  2-foot  courses.  The  mascmry  all  rests  uptm  the  solid 
bed-rock  which  forms  the  floor  of  the  lock-chambers. 

The  breast-walls  and  miter-sills  are  built  in  an  arched  fonn  and  abut  in  the  side-walU 
The  arch  and  mitt^r  stones  are  2  feet  thick.  They  are  laid  in  hydraulic  cement,  ami  in 
addition  each  stone  is  fastened  to  the  solid-rock  bed  by  l^inch  bolts  6  feet  long.  TW 
timber  cushions  against  which  the  gates  clow*  are  of  oak,  and  their  top  is  flush  "with 
the  stone-work.     These  timbers  are  bolted  to  the  rock  bed. 

The  dimensions  of  the  gates  are  shown  hn  the  accomiianying  plans.  Tlie  high  giianl 
or  flood  gates  at  the  head  of  the  new  locks  are  built  of  oak  and  pine,  and  each  le.if 
weighed  when  first  launched  69.61  tons.  Tliese  gates  are  much  lighter  in  proportion 
than  the  lift-gates,  having  but  a  small  water-pressure  to  stand.  Thev  were  recently 
built  by  the  United  States  at  a  cost  of  f6,227.59. 

The  upper  lift -gates  are  built  of  oak  and  pine,  while  the  lower  and  middle  gates  (lift- 
gates)  are  entii*ely  of  oak.  llie  middle  gates  are  the  heaviest,  each  leaf  weighinc 
nearly  90  tons.  The  lift-gates  were  built  by  the  canal  company  in  accordance  with 
plans  prepared  by  Mr.  T.  R.  Scowden ;  the  contract  price  for  tlie  uj>per,  middle,  and 
lower  set,  exclusive  of  iron,  was  |8,700,  $12,000,  and  $9,646.57  respectively.  The  quoin 
and  miter  [losts  of  all  the  gates  are  built  up  of  four  pieces,  firmly  bolted'  and  strnOTH^ 
together.  A  hollow  cue  extends  through  the  ])osts  of  the  high  guai-d-gates,  ana  by 
filling  this  cue  with  salt  or  some  other  )m»servative  it  is  hoped  that  the  jKHsts,  wliieh 
usually  are  the  first  jmrt  of  a  gate  to  decay,  <*an  be  made  to  la-st  as  long  as  the  anas. 

The  guard-gat<*s  at  the  head  of  the  canal  were  built  in  It^  by  the  irnit€Ml  Stat**. 
They  cost  complete  $4,690.79.  They  are  of  oak  and  pine,  and  the  arms,  or  ginlerFi,  an* 
built  beams,  trussed  with  iron  rods,  and,  as  in  the  high  guard  gates,  diagonal  bnu'w 
and  planking  were  ust'd.  This  i)lan  luia  been  adopted  for  the  new  gates  about  to  Ix* 
built  for  the  old  canal. 

£ach  gate  has  a  chilled-iron  socket  on  the  foot  of  the  qnoin-post,  which  rests  and 
turns  on  a  pivot  bolted  to  the  rock,  and  the  top  of  the  post  is  held  by  an  iron  ctillar. 
To  relieve  a  portion  of  the  weight  on  this  collar  and  pr«»vent  sagging,  a  ndler  is  plan^l 
under  the  h)wer  arm  near  the  miter-post,  and  in  addition  the  lit*t-gates  are  susi»ended 
from  masts. 

The  lock-chambors  are  filled  and  emptie<l  througli  the  lift-jraten*  there  lH»ing  w  » 
set  of  gates  10  openings,  ea<'h  30  feet  by  36  feet.  These  openings  art*  closeil  by  cast- 
iron  wickets  turning  on  a  vertical  axis;  they  ai-e  moved  by  a  lever  through  a  vertical 
rod  running  to  and  projecting  slightly  above  the  top  of  the  gate. 

The  gates  are  opened  and  closetl  by  capstans,  there  being  two  for  each  set  loratetl 
on  the  a<ljacent  side  walls.  The  motion  of  the  capstan  is  coraniunicate<l  by  bevel»Ml 
gear  to  two  horizontal  shafts,  being  under  the  coping  and  parallel  to  the  axis  of  the 
lock.  At  the  end  of  these  shafts  are  pinions  working  in  large  whet»ls  which  carr>'  the  . 
drums  on  which  wind  the  chains.  Considering  the  upper  dnini,  the  chain  is  carriinl 
vertically  downward  through  a  well-hole  under  a  frictiun-drum  and  out  through  the 
side  walls  over  friction-rollers,  5  feet  above  the  bottom  of  the  lock ;  it  is  then  attaclW 
to  the  gate  of  its  own  side,  5  feet  alH)ve  the  foot  of  the  miter-j>o.st.  Considering  the 
lower  dnim,  the  chain  passes  down  uud  out  similarly  to  the  upi>er  chain,  and  is  then 
carried  across  and  attached  to  th«»  gate  at  the  opposite  side.  As  one  chain  wiiids  the 
other  unwinds,  and  thus  turning  the  cai»stan  in  one  direction  opens  the  gate  of  it«  own 
side,  while  turning  in  the  other  dinvtion  closes  the  opposite  gate.  Tne  oj>enings  m 
the  side  walls  were  placed  5  feet  above  the  bottom  of  the  lock  to  avoid  as  iiiiwh  n»  ^ 
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gjates  J-incli  iron  chainH. 

For  what  was  coiiHidered  good  and  snfficient  roa«onH,  when  the  gate  raacliinery  was 
first  deviMed  man-power  was  adopted,  and  it  in  Htill  nsed  on  tlie  capstans,  but  a  more 
economical  and  as  easily  regulated  power  will  soon  be  a]>]>lied. 

Rises  in  the  river  which  submerge  the  lower  locks  are  frequent,  and  occasionally 
l>oth  locks  are  entirely  under  water.  At  such  times  the  sediment  dejwsited  is  enormous. 
As  an  example,  the  amount  of  sediment  left  after  the  unusual  nse  of  August,  1875, 
was  as  follows:  In  the  new  locks,  20,629  cubic  yards,  being  11  feet  deep  in  the  lower 
ehamber ;  in  the  old  locks,  9,<X)0  cubic  yards ;  and  in  the  canal  near  its  upper  end, 
ziAjOOi)  cubic  yaixls.  This  deposit,  in  a  gi*eater  or  less  degree,  is  continually  going  on, 
and  a  steamboat,  two  dredges,  and  four  dump-scows,  all  belonging  to  the  canal,  are 
ooustantly  in  use  removing  from  the  canal  aud  locks  every  year  nearly  100,000  cubic 
yards. 

The  time  of  lo<!kage  varies  with  the  stage  of  water.  When  the  river  is  high  and 
l>ut  one  chauiber  is  use4,  a  lockage  occujues  about  half  an  hour,  but  at  ordinary  and 
low  stages,  when  both  chambers  are  used,  one  hour  is  necessary.  With  an  extra  force 
of  men,  the  time  of  lockage  for  coal -tows  through  two  chainbers  can  be  reduced  to 
sibout  45  minutes.  The  opeuing  or  closing  of  a  set  of  gates  occupies  about  7  minutes, 
aud  the  filling  or  emptying  chambers  about  11  minutes. 

The  Ltmisville  ancl  Portland  Canal,  as  reganls  power  aud  time  required  for  lockages, 
caunot  be  i)roperly  compared  with  other  works,  for  at  no  c<aual  in  the  world  do  we 
tind  at  the  same  time  such  imuiense  gate^  and  so  great  an  amount  of  sediment. 

The  experience  of  a  few  years  on  this  work  Inw  suggested  many  changes  and  im- 
provemeuts,  and  when  new  and  lighter  lift-gates  are  substituted  for  those  now  in  use, 
and  when  plans  alrejwly  perfected  for  facilitating  their  nu)veuient  are  put  in  operation, 
tlw»  trouble  with  sediment  around  gates  will  be  done  away  with  and  the  time  of  lock- 
ages will  be  reduced. 

A  dry-dock,  corresponding  in  size  t-o  the  old  locks,  is  connected  with  the  canal 
just  above  the  new  branch.     This  dock  is  cut  out  of  the  solid  bed-rock. 

A  line  of  telegraph  erected  in  1876  connects  the  head  and  foot  of  the  canal. 

The  canal  offices,  store-houses,  and  machine-shops  are  all  located  uear  the  uew  locks. 

The  locks  are  illumiuated  by  i>owerful  reflecting  lights,  which  make  work  by  night 
as  easy  as  by  day. 

The  government  assumed  the  management  of  the  canal  Jime  11,  1874,  and  immedi- 
ately reduced  tolls  to  less  than  one-fifth  of  former  rates.  It  was  predicted  that  with 
so  great  a  reduction  the  canal  could  not  be  made  self-sustaining,  but,  on  the  contrary, 
the  receipts  have  not  only  been  sufficient  for  all  operating  expenses,  but  have  furnished 
•  a  surjdus  fund,  which  has  been  used  for  making  extensive  repairs  and  improvements 
and  putting  all  parts  of  the  canal  and  accessories  in  perfect  working  order. 

The  plates  accompanying  this  sketch  show  the  condition  of  the  canal  before  and 
subsequent  to  the  eulargeuieut,  the  three  different  cla.sses  of  gates  in  use,  details  of 
the  opeuing  aud  closing  gear,  au<l  the  relative  position  of  the  ditFerent  canal-gauges 
and  scale  of  references.  There  is  also  given  the  references  of  the  most  important 
j>oints  in  and  above  the  canal. 

Ou  plate  5  are  given  s<ictions  of  the  locks,  canal  and  retaining  walls.  Figure  1  is  a 
repre.sentative  section  of  the  canal.  It  is  taken  alM»ut  100  lv«»t  south  of  the  middle 
turnout  basin.  The  dotted  line  shows  the  south  bank  aud  wall  previous  to  eularge- 
uieut. 

Figure  2  represents  the  wall  above  the  guard-gates.  Figure  ^  is  a  standard  section 
of  retaining  wall  fiom  the  guard-gate  to  the  locks.  Figure  4  is  a  section  of  the  river 
wall  in  higli-^vater  channel  throughout  a  half  of  draw  in  railrojMl-briilge.  Figui*e  5  is 
a  section  of  the  guide-wall  below  the  new  locks.  Figure  6  is  a  s<H?tion  of  revetment 
wall  at  the  foot  (»f  Ninth  street,  Louisville.  Figure  7  givew  an  elevation  of  retaining 
wall,  showing  buttrenst^s  placed  in  wall.  These  buttresses  were  placed  every  400  feet, 
and  the  coui-ses  of  masonry  ranged  Ix^tweeu  two  buttresses. 


superintendence,  mivnage>rent,  and  repair  of  the  louisville 
and  portland  canal  for  the  year  ending  december  31,  1877. 

War  Department, 
Washin{fton  City,  January  16, 1878. 
The  Sexii-etary  of  War  has  the  honor  to  transmit  to  the  United  States 
Senate,  for  the  information  of  the  Committee  on  Commerce,  a  report  of 
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782  BEPORT   OP   THE   CHIEF   OP   ENGINEERS. 

Maj.  G.  Weitzel,  Corps  of  Engineers,  on  the  superintendence,  manage- 
ment, and  repair  of  the  Ijouisville  and  Portland  Canal,  for  the  year  end- 
ing December  31, 1877,  with  letter  of  the  Chief  of  Engineers  submitting 
the  same. 

The  report  is  approved,  and  in  accordance  with  the  provisions  of  sec 
tion  3  of  the  act  of  Congi-ess  of  May  11,  1874  (18  Stat,  p.  44),  the  rates 
of  toll  mentioned  in  the  letter  of  the  Chief  of  Engineers  are  declared 
and  fixed  as  the  charges  to  be  collected  for  the  cnrrent  calendar  year. 

Geo.  W.  McCbary, 

Secretary  of  War. 

The  President  of  the  United  States  Senate, 


letter  of  the  chief  of  engineers. 

Office  op  the  Chief  of  Engineers. 

Washington,  D.  C,  January  14, 1878. 

Sir  :  To  comply  with  the  requirements  of  section  3  of  the  act  of  May 
11, 1874,  "  providing  for  the  payment  of  the  bonds  of  the  Louisville  and 
Portland  Canal  Company  ^  (Statutes  at  Large,  vol.  18.  pa^e  43),  I  have 
the  honor  herewith  to  submit  copies  of  the  report  or  Maj.  G.  Weitzel, 
Corps  of  Engineers,  on  the  superintendence,  management,  and  repair 
of  that  canal  for  the  calendar  year  ending  December  31,  1877,  and 
of  the  receipts  and  expenditures  for  the  same  period. 

It  will  be  seen  that  during  the  year  the  receipts  have  exceeded  the 
expenditures  in  the  sum  of  $27,619.68,  and  that  the  balance  available 
on  the  1st  January,  1878,  amounts  to  $54,519.68. 

As  in  previous  years,  permanent  improvements  and  repairs  have  been 
continued  on  different  parts  of  the  work,  in  order  of  their  necessity,  as 
rapidly  as  the  excess  of  tolls  over  expenses  of  management  would  war- 
rant ;  and  it  will  be  seen  from  this  report  that  the  policy  adopted  of 
continuing  to  place  the  canal  and  its  appurtenances  in  better  working 
condition  has  gradually  and  steadily  given  increased  facilities  to  the 
business  of  the  canal. 

During  the  last  half  of  the  year  1874,  274,365  tons  were  passed  throiigli 
the  canal,  at  an  expense  of  9.12  cents  per  ton  for  superiiit/endence,  man- 
agement, and  ordinary  repairs ;  in  the  year  1875,  757,696  tons,  at  6.1^ 
cents  per  ton;  in  1876,  871,446  tons,  at  o.i}  cents;  and  in  1877,  999,610 
tons,  at  4.97  cents  per  ton. 

In  view  of  the  increase  of  the  business  and  income  of  the  canal  during 
the  year,  and  there  being  a  balance  sufficient  to  complet-e  all  the  work 
remaining  to  be  done  on  the  canal,  and  still  leave  a  sufficient  surplus  at 
the  end  of  the  year  to  meet  any  extra  and  unforeseen  expenses  that  may 
arise.  Major  Weitzel  recommends  a  further  reduction  of  tolls,  and  that 
they  be  established  at  the  following  rates  viz : 

Steamboats  and  model  barges,  8  cents  per  ton. 

Square  barges,  flats,  coal-boata,  &c.,  6  cents  per  ton. 

All  empty  squai"e  barges  and  coal-boats,  5  cents  per  ton. 

Small  boats,  |4. 

Rafts  of  logs,  ifec,  measurement  and  rates  the  same  as  for  coal -boats. 

Boat«  belonging  to  or  chartered  by  the  United  States,  free. 

Towing,  harbor  rates. 

Use  of  dredge,  f2.50  per  hour. 

Use  of  stetini-pump,  $2.50  per  hour. 

Use  of  drj'-dock,  ^15  lirst  day,  and  flO  each  subsequent  day. 

It  being  deemed  i^rudent  to  have  at  all  times  an  available  surj)hi8  oi 
at  least  $25,000,  to  meet  any  sudden  and  serious  a<x*ideuts  that  may 
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Section  3  of  the  aet  of  Congress  above  referred  to  contains  the  follow- 
ing provision : 

And,  to  ascertain  what  rat^s  wiU  pay  current  expenses  after  the  present  year  (1874), 
the  Secretary  of  War  shall,  on  the  first  Monday  in  January  of  each  year,  ascertain  from 
the  expenses  of  the  previons  year  what  tolls  wiU  probably  pay  the  expenses  of  the  cur- 
rent year ;  and  he  snail  fix  and  declare  the  rat'O  of  tolls  thus  ascertained  to  be  charged 
for  the  current  year  •  »  »  *  and  he  shall,  in  his  next  annual  report,  set  forth  such 
receipts  and  expeijditurea,  and  the  condition  of  said  canal,  with  a  view  to  such  legis- 
lation as  may  be  necessary  for  the  superintendence  and  management  thereof. 

It  is,  therefore,  respectfidly  recommended  that  the  rates  of  toll  above 
mentioned  be  adopted  as  those  to  be  declared  and  fixed  by  your  author- 
ity, in  obedience  to  this  law,  as  the  charges  to  be  collected  for  the  cur- 
rent calendar  year. 

As  the  report  of  Major  Weitzel  contains  matter  of  value  relating  to 
commerce  and  navigation,  it  is  suggested  that  it  be  sent  to  Congress 
for  the  information  of  the  Committees  on  Commerce  of  the  Senate  and 
House  of  Eepresentatives. 

Very  respectfully,  your  obedient  servant, 

A.  A.  Humphreys, 
Brigadier- Oeneral  and  Chief  of  Engineers. 
Hon.  Geo.  W.  McCbaby, 

Secretary  of  SVar. 


report  of  major  g.  weitzel,  corps  op  engineers. 

United  States  Engineer  Office, 

Detroit  Mich.^  January  4,  1878. 
General:  In  accordance  with  your  instructions  and  to  enable  the 
honorable  Secretary  of  War  to  comply  with  the  provisions  of  section  3- 
of  the  act  of  Congress,  approved  May  11,  1874,  entitled 

An  act  providing  for  the  payment  of  the  bonds  of  the  Louisville  and  Portland  Canal 
Company — 

I  have  the  honor  to  submit  the  following  report  on  the  superintendence, 
management,  and  repair  of  the  Louis\^le  and  Portland  Canal  for  the 
calendar  year  ending  December  31, 1877. 

Capt.  A.  Mackenzie,  Corps  of  Engineers,  was  my  assistant  in  imme- 
diate charge  of  this  work  until  November  22, 1877,  when  he  was  relieved 
by  Capt.  A.  N.  Lee,  Corps  of  Engineers,  who  had  been  on  duty  on  the 
work  with  him  since  September  8,  1877. 

In  the  preparation  of  the  report  of  Captain  Lee,  which  is  hei-eto  an- 
nexed as  part  of  this,  he  was  materially  assisted  by  Captain  Mackenzie. 

The  tables,  which  are  included  in  this  report,  give  detailed  statistics 
bearing  on  practical  professional  points. 

We  have  continued  to  pursue  the  same  policy  which  was  adopted 
when  the  government  first  took  charge  of  the  work. 

Permanent  improvements  and  repairs  were  continued  on  different 
parts  of  the  w^ork,  in  the  order  of  their  necessity,  as  rapidly  as  we  judged 
that  the  excess  of  tolls  over  the  amount  required  for  superintendence 
and  management  would  warrant. 

In  pursuance  of  this  policy  and  with  your  authority  the  following 
permanent  imx)rovements  and  repairs  have  been  made  during  the  past 
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The  repair  of  entire  di^ge  apparatus,  which  had  been  previous- 
begun,  was  completed.  This  apparatus  consists  of  the  tow-boat,  t^- 
dr^ges,  and  four  mud-scows,  and  is  now  in  the  most  comjilete  workii. 
order. 

The  guanl-gates  at  the  head  of  the  carnal  and  those  at  the  head  of  il 
new  locks  were  entirely  rebuilt. 

All  the  fiiction-dmms  in  the  well-holes  of  the  new  locks  have  1h^ 
reset  and  greiitly  strengthened. 

New  winding-tbiims  liave  been  put  in  at  the  middle  gates,  and  lu' 
gearing  has  been  added,  thns  increasing  the  power  of  the  capt^tan  ai 
strengthening  all  parts  of  the  apparatus. 

One-inch  steel  chains  have  been  atta(*hed  to  the  middle  gates,  in  plan 
of  the  8c»ven-eighth-inch  iron  chains,  which  frequently  broke. 

The  work  of  api)lying  larger  drums  and  stronger  chains  to  the  lovr 
gates  has  l>een  begiui. 

An  office  for  the  superintendent  of  the  canal  has  been  built. 

A  wood-boriug  apparatus  has  been  added  to  the  machinery  of  tl- 
shoi)S. 

A  large  portion  of  the  slope  adjacent  to  the  locks  has  been  grMh 
and  sodded. 

A  second  fire-(;isteni,  with  a  capacity  of  five  himdred  barrels,  Iw- 
been  built  near  the  toll-collector's  house,  and  powerfiil  fire-i)iimps  an 
hose  provided  for  it  as  well  as  the  other  fire-cistern  near  the  inacliiiu 
shop. 

The  miter-sills  of  the  middle  gates  of  the  new  locks  M^ere  repau'e^i. 

The  work  of  repairing  the  old  locks  and  cx)nverting  its  three  chamber 
into  two  was  begun  and  prosecuted  diligently  until  the  rise  in  the  rive, 
stopped  the  work.  The  lower  sill  has  been  thoroughly  repaired ;  tli» 
greater  portion  of  the  rock  excavation  in  the  lower  chamber  has  be*^: 
completed,  and  the  building  of  new  gate  recesses  was  begun. 

New  lights,  fiuMiished  by  the  Light-House  Establishment,  have  l»et*i 
placed  in  position,  so  that  work  by  night  is  almost  as  easy  as  by  day. 

It  will  be  seen  from  the  annexed  tables  tliat  the  effe(*t  of  oiu*  |>olit^ 
in  placing  the  canal  and  api)urtenances  in  better  working  condition  ba> 
gradually  and  steadly  impreved  the  business  of  the  canal. 

During  the  last  six  and  two-thirds  months  of  1874,  274,36.">  tons  wt-r 
passed  through  at  an  expense  of  9.12  cents  per  ton  for  superintendent** . 
management,  and  ordinary  repairs.  In  1875,  757,695  J  tons,  at  6.14  ceiu- 
per  ton.  In  1870,  871,446A,  at  5.0  cents  per  ton,  and  in  1877,  999,010; 
tons,  at  4.97  cents  per  ton. 

The  expense  during  the  last  year  in  passing  the  three  greatest  articlt^ 
which  go  thix)Ugh  in  bulk,  was  as  follows,  viz  :  coal,  ^  cent  per  bushel: 
salt,  1  jL  cent  per  barrel ;  and  iron-ore,  S|  ci»nts  per  ton. 

According  to  the  books  in  my  oflice,  the  receipts  during  the  last  vea 
amounted  to  $88,402.10,  and  the  total  expenditiu^s,  $00,942.42.  Tlri^ 
leaves  a  suii)lus  for  the  year  of  $27,519.08.  There  was  on  hand  at  tli« 
beginning  of  the  year  $20,955,005  so  that  we  had  $54,475.28  on  hand  o:. 
the  first  of  this  month. 

In  Captain  Lee's  report,  the  expense  for  repairing  friction-dnuns. 
Avinding-gear,  steel  chains,  &c.,  is  incorrectly  charged  to  the  ruimiu;. 
expenses  of  the  canal.  They  are  all  permanent  repairs,  and  their  C4>^' 
amomited  to  about  $3,500.  The  amount  expended  for  permanent  iiii 
provements  and  repairs  during  the  year  was,  therefore,  about  $15,(Nmi. 
The  limning  expenses  of  the  canal,  including  the  ordinary  repau*s,  wa>. 
therefore,  about  $40,000. 

It  will  be  fuither  observed  by  examining  the  tal)le  of  i*eceix>ts,  tha: 
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tie  "business  and  income  of  the  canal  was  considerably  increased  over 
tie  year  preceding,  in  spite  of  the  fact  that  dimng  a  part  of  August,  and 
lie  w-hole  of  September  and  October,  navigation  was  almost  entirely 
uspended  by  low-water,  and  in  spite  of  the  fact  that  the  re<}eipt«  were 
[iiiiiiiished  $3,270.72  by  reducing  the  rate  on  empty  co^d-barges,  on  their 
etiim-trip. 

P'or  this  reason,  and  as  we  now  have  on  hand  the  very  handsome  sur- 
)Iiis  of  $54,475.28,  which  will  not  only  complete  all  the  work  still  to  be 
Vtnie  and  that  which  is  already  authorized  but  still  leave  us  a  good 
uirpliis  at  the  end  of  this  year,  I  take  gi^eat  plciisure  in  recommending 
i  reduction  of  tolls,  and  that  they  be  fixed  at  the  foUovving  mtes,  viz : 

steamboats  and  uiodel  barges,  8  cents  per  ton. 

Scjiiare  barges,  flats,  coal-boats,  &c.,  6  cents  per  ton. 

All  cuipty  scpiare  barges  ami  coal-boat«,  5  cents  per  ton. 

Small  boats,  $4. 

KaftH  of  logs,  &c.,  measurement  and  rates,  the  same  as  for  coal-boats. 

Boat«  belonging  to  or  chartered  by  the  United  States,  free. 

Towing,  harbor  rates. 

Vse  of  dredge,  1^2.50  per  hour. 

Use  of  steam-pump,  $2.50  per  hour. 

Vtm  of  dr>'-dook,  815  first  day,  and  $10  each  subsequent  day. 

The  rates  heretofore  charged  by  the  government  were  a  little  less  than 
one-fifth  of  tliose  charged  by  the  former  management.  The  new  rates 
will  be  a  little  less  than  one-sixth  of  those. 

As  there  is  always  more  or  less  liability  to  serious  accidents  on  canal- 
locks,  and  especially  on  snch  large  ones  as  those  of  this  canal,  1  think 
it  wise  and  prudent  to  have  at  all  times  an  available  suri)lus  of  at  least 
825,000  5  hence  I  do  not  recommend  now  a  greater  reduction.  I  have 
not  the  least  doubt  that  next  year  a  further  reduction,  and  one  as  large 
as  now  recommended,  may  be  safely  made. 

Tlie  total  receipts  on  this  canal  from  June  11,  1874,  to  December  31, 
1877,  during  which  time  the  government  has  had  charge  of  it,  amount 
to  $259,705.51 ;  the  total  expenditures,  8205,320.23,  leaving  the  surijlus 
of  854,475.28.  The  expenditures  include  about  $45,000  for  permanent 
repairs. 

By  the  use  of  the  canal  force  and  the  machhiery  in  the  canal  shops, 
a  saving  of  $15,000  below  fair  contract  prices  has  been  effected  in  the 
work  already  done. 

In  conclusion  I  desire  to  commend  Captains  Mackenzie  and  Lee  and 
their  assistants  for  the  faithful  and  economical  manner  in  which  they 
have  conducted  this  work. 

Annexed  hereto  is  the  financial  statement  for  the  year. 
Very  respectfully,  yoiu'  obedient  servant, 

G.  Weitzel, 

Major  of  Engineers, 
Brig.  G«n.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  IS..  A. 
50  E 
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Financial  statement  for  calendar  year  ending  December  31,  1877. 


Depoaito. 


Expenditures. 


Mouth. 


Month. 


Ajn4>n£T 


Jannaiy  — 
February... 

March 

April 

May 

June 

July 

August 

September  . 
October  — 
If  ovember. . 
December . . 


Total. 


1877. 


$820 
9,269 
3.867 
11,  256 
11,  678 
10,390 
9,631 
3,798 
1,  957 
1,930 
9,498 
14,364 


January 
February 
MaiTh. .. 

46     April 

01     May 

June 

July 

Au^Bt 

September 
October 


95  I  November. 
02     December . 


$3, 4.r 
4,  uv 

5.«'. 
.5,244 

4.6:'' 

8,  7K  ■ 

1  ITS*  * 

,1,  b>>  '5 


88, 462  10  , 


Total. 


Cash  on  hand  December  31,  1876. 
Surplus  for  1877 


60, 9t2 , 


27.  :»is  ^ 


Cash  on  hand  December  31,  1877 54, 47:  . 


report  of  captain  a.  n.  lee,  corps  of  engineers. 

Louisville  and  Portland  Canal  Office, 

LouisviUcy  Ky.y  December  31,  1877. 

Sir:  In  accordance  with  your  inatnictiong,  I  have  the* honor  to  submit  the  follow- 
ing report  upon  the  ftu])erinteutlence,  management,  and  repair  of  the  Louisville  am. 
Portland  Canal  for  the  calendar  year  ending  December  31,  1877. 

Detailed  reports  have  been  made  semi-anmially  since  the  government  assumed  cod- 
trol  of  the  canal,  and  to  avoid  a  repetition  it  will  be  sufficient  to  say  that  the  i>rinci}>I- 
adopted  of  placing  all  parts  of  the  canal  in  perfect  working  order  as  fast  as  econoniii':!! 
expenditure  of  receipts  would  permit  has  been  carried  out,  and  the  close  of  the  ycir 
finds  the  canal  and  accessories  m  a  better  condition  than  ever  before. 

WORK  accomplished,  DURING  THE  YEAR. 

The  rebuilding  of  dredge  No.  2  and  dump-scow  No.  4  was  completed  in  January,  aiK 
new  dippers  were  subsequently  put  on  both  dre-dges.  This  closed  the  extensive  ivpaii> 
of  dre<lgmg  apparatus,  leaving  tow-boats,  dredger,  scows,  &c,,  in  very  good  condition, 
with  at  least  double  the  capacity  they  ha<l  before  repairs  were  made. 

Two  new  sets  of  gates  have  been  built,  one  for  the  head  of  the  new  locks  and  one 
for  the  head  of.  the  canal. 

The  friction-drums  in  all  the  well-holes  of  the  new  locks  have  been  reset  and  great  Iv 
strengthened. 

New  winding-drums  have  been  put  in  at  the  middle  gates  of  the  new  locks,  a«<l 
gearing  has  been  added,  increasing  somewhat  the  power  of  the  capstans  and  strength- 
ening all  parts  of  the  apparatus. 

One-inch  steel  chains  have  been  attached  to  the  middle  gat^s,  replacing  the  |-in«  h 
iron  chains  which  fonnerly  caused  great  annoyance  by  frequently  breaking. 

The  new  and  enlarged  drums  and  heavy  chains  have  proved  such  a  success  that 
aiTangements  have  already  been  made  for  making  similar  changes  at  the  lower  gati-s. 

An  office  for  the  superiutendeut  of  the  canal  has  been  completed. 

A  boring  apparatus  has  been  added  to  the  machinerj^  of  the  shops. 

A  large  portion  of  the  slope  in  the  vicinity  of  the  locks  has  been  graded  and  socldt^i. 

A  second  lire-cist«m,  holding  500  barrels,  has  been  built  near  the  toll-collector- 
house,  and  powerful  fire-pumps  with  requisite  hose  have  be«u  provided  for  No«,  1 
and  2. 

On  the  18th  of  September,  the  water  being  low  and  business  «almost  suspended,  the 
canal  was  closed  for  repairing  the  middle  miter-sill  of  the  new  locks.  All  broken 
and  injured  stones  were  replaced  by  hard  limestone  set  in  Portland  cement ;  new  bolt> 
were  driven,  and  all  parts  of  the  sill  and  wooden  cushion  made  as  firm  as  possible. 
This  work  occupied  about  sixteen  days,  and  the  canal  was  reopened  October  5. 
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While  the  water  was  out  tho  miter-sill  and  roller- ways  of  the  giiard-gates  at  the 
head  of  the  canal  were  thoroughly  repaired. 

In  September  authority  was  obtained  for  making  extensive  rei)air8  on  the  old  locks, 
converting  the  three  lifts  into  two,  and  giving  chambers  that  will  not  only  pass  all 
the  stem-wheel  boats  miming  during  low-water,  but  will  also  afford  great  relief  when 
coal-tows  are  }»assing  through  the  canal.  Already  the  lower  miter-sill  and  roller-ways 
have  been  thoroughly  repaired,  the  greater  portion  of  the  rock  excavation  in  the  lower 
chamber  has  been  made,  and  the  building  of  new  gate  recesses  has  been  commenced. 

During  the  year  new  lights,  furnished  by  the  Light-House  Department,  have  been 
put  up  at  the  new  locks.     Work  by  night  is  now  about  as  easy  aa  work  by  day. 

Most  all  of  the  work  above  referred  to,  in  iuldition  to  numerous  minor  improve- 
ments, ordinary  repairs,  and  regular  duties,  has  been  carried  on  under  the  immediate 
direction  of  the  superintendent,  and  as  far  as  possible  the  work  has  been  done  by  the 
regular  employed  mechanics  and  laborers. 

The  work  done  by  tow-boat  and  dredges,  and  by  the  lock-hands  in  passing  boats,  is 
given  in  tables  annexed. 

NUMBER  AND  SALARY  OF  EMPLOYES. 

During  the  past  year  extra  mechanics  and  laborers  have  been  employed  upon  works 
of  improvement,  but  the  regular  canal  force  has  remained  as  given  in  last  annual 
report,  excepting  that  the  position  of  **  foreman  of  dredges"  has  been  done  away  with. 

The  regular  pay-roll  of  employes  now  amounts  to  $fe,115.  Since  the  government 
assumed  control  of  the  canal,  the  pay-roll  has  been  reduced  $1,845.  It  is  almost  cer- 
tain that  further  reductions  will  be  made  during  the  coming  year. 

RATES  OF  TOLL. 

The  rat^s  of  toll  charged  during  the  past  year  have  been  the  same  as  charged  during 
the  year  1876^  exce])ting  that  the  recommendation  to  reduce  tolls  on  empty  barges 
on  a  return  trip,  from  8  to  5  cents,  was  ap))roved  February  26,  1877.  This  change  has 
retluced  the  receii)ts  during  the  year  $3,5?70.72. 

RECEIPTS  AND  EXPENDITURES. 

The  receipts  for  the  year  have  amounted  to  $88,737.28,  being  $27,351.33  in  excess  of 
the  total  expenditures,  and  $39,240.67  in  excess  of  the  operating  expenses. 

There  has  been  expended  during  the  year  $61,385.95;  of  this  amount  $11,889.34 
was  applied  to  extensive  repairs  and  improvements  of  a  permanent  nature,  leaving 
$49,496.61  as  the  expense  of  operatin;^  the  canal.  These  operating  expenses  include 
large  amounts  paid  for  repairing  friction-<lrums,  winding-gear,  &c.,  and  are  for  that 
reason  in  excess  of  similar  expenses  in  1876.  ' 

The  operating  expenses  of  this  canal  are  very  large  in  consequence  of  the  heavy 
deposits  of  sediment  and  cost  of  removing,  as  well  as  the  size  and  weight  of  the  gates 
and  the  force  required  to  move  them.  No  comparisons  can  be  made  with  the  expense 
of  operating  other  canals,  for  at  no  other  point  is  the  same  combination  of  difficulties 
met  with.  When  new  gates  are  built,  sink-basins  provided,  and  other  than  man-power 
einployed,  expenses  can  be  greatly  reduced. 

The  total  receipts  since  the  government  assumed  charge  of  the  canal  in  June,  1874, 
have  amounted  to  $260,070.69,  and  the  total  disbursements,  including  $40,589.92  ex- 
pended on  permanent  work,  have  amounted  to  $205,763.76,  snowing  a  saving  with  re- 
duced tolls  of  $54,306.93. 

Authority  has  been  grants  from  time  to  time  for  doing  work  amounting,  at  fair  con- 
tract prices,  to  $43,650.  This  work  has  cost  but  $28^2^.22.  This  saving  may  be  at- 
tributed to  the  doing  of  work  gradually  under  the  direction  of  the  superintendent  of 
the  canal  and  to  the  use  of  machinery'  in  the  canal  shops. 

WORK  PROJECTED  FOR  NEXT  YEAR. 

During  the  coming  year  the  works  of  improvement  given  in  the  report  for  the  year 
1876  will  be  carried  out  as  fast  as  authority  is  obtained  and  an  economical  system  of 
working  will  permit. 

Cottages  for  the  lock-hands  and  a  coal-elevator  will  be  erected,  steam-power  will  be 
tried  on  the  gates,  and  the  repairs  of  the  old  locks  will  be  completed  if  the  stage  of  the 
river  will  permit. 

Former  reports  have  referred  to  many  extensive  improvements,  such  as  building  a 
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new  wall  on  the  north  side  of  the  canal,  enlarging  the  (Iry-dock,  bniMing  lai^^  lu.-  _ 
above  and  below  the  new  locks  to  le»8en  obMtnictiou  of  the  canal  dnriiig  c(«al-Tuii>.  i 
building  miter-sillfl,  and  providing  sink-baHlnH  to  remove  dei)08it  from  front  <»f  ijut* « 
On  account  of  expense  it  has  rather  been  asMumed  that  much,  if  not  all,  of  thi^  'b  > 
would,  if  done,  be  paid  for  by  ai)propriation  and  not  from  the  tolls  collected. 

CONXLUSIOX  AND  RECOMMENDATIONS. 

While  the  past  year,  owing  to  more  continued  low  water,  has  not  been  i^erbaps  qr.- 
as  favorable  for  navigation  as  the  year  1876,  yet  the  receijjts,  owing  to  the  heavy  nr-. 
runs  of  November  and  December,  have  been  larger,  and  it  is  evident  that  the  canal 
be  made  self-sustaining  with  even  a  lower  rate  of  toll  than  is  now  charged. 

Assuming  that  appropriations  will  be  made  for  the  most  extensive  iniprovenieiit>  .r 
enlargements,  and  considering  that  the  heaviest  outlays  for  repairs  of  the  work:, 
parts  of  the  canal  are  either  paid  or  pnivideil  for  by  the  present  balance,  I  tbiD» 
gradual  reduction  in  the  rate  of  toll  should  now  be  conmienced,  but  to  insure  a  siuj' . 
lund  the  reduction  must  be  gra<lual. 

I  am  of  the  opinion  that  if  the  tolls  are  reduce<l  one-fifth  the  receipts  for  the  >^. 
1878,  together  with  the  balance  now  on  hand,  will  not  only  be  sufficient  to  pav 
penses  of  "superintendence,  management,  and  repair,"  c<miplete  the  work  on  iht-  • 
locks,  build  cottages  and  coal  elevator,  and  if  necessar>'  new  middle  {ratetn,  but  v . 
also  give  a  balance  at  the  end  of  tlie  year  1878  of  at  least  ^85,000. 

I  would  recommend  that  the  present  system  of  management  be  contiuiied. 

I  would  recommend  the  following  rate  of  tolls  and  charges  for  the  yeax  1878 : 

Toll  ou- 
st eanil)oats  and  model  barges,  8  cents  per  ton. 

S<iuare  barges,  flats,  coal-lioats,  &c.,  6  cents  per  ton. 

All  empty  stjuare  barges  and  coal-boats,  5  cents  per  ton. 

Small  l)o'ats,  $4. 

Rafts  of  h)g8,  &c.,  meiisurements  and  rates  the  same  as  for  coal>boatB. 

Boats  belonging  to  or  chartered  by  the  United  States,  free. 

Charges  for — 

Towing,  harbor  rates. 

Use  of  (Iredge,  1*2.50  per  hour. 

Use  of  steam-pump,  $'2.50  pt»r  hour. 

i:se  of  dr>'-do(k,  $15  iirst  dav,  and  $10  each  Hubse<iuent  day. 

I  would  resiiectfully  renew  tlie  recommendations  made  in  the  report  for  the  caliT-' 
year  1876,  and  especially  that  referring  to  rules  an<i  regulations. 

In  conchision,  I  would  bear  witness  to  the  faitliful,  just,  and  eflScient  inauner : 
which  the  superintendent  and  his  assistants  have  performed  their  duties,  ofi«»n  i*' 
dered  very  ditticult  by  the  conflicting  interests  and  opinions  of  .steaiul>oat-nien.  y: 
of  whom  have,  during  the  past  year  as  well  as  during  i)reviou8  years,  ever  Ixh-u  n- • 
to  find  fault  and  condemn  witliout  reason,  when  the  decision  or  order  of  the  sn|h*! 
tendent  was  not  in  accordance  with  their  individual  ox)inions  and  for  their  &]>». 
bene  tit. 

Very  respectfuUv,  your  obedient  servant, 

A.  N.  Lee, 
Captain  of  Engiuttn 

Maj.  G.  Weitzel, 

CoriJH  of  Engineers,  U.  S.  A. 
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Lockage  ilopartmciit. 


Dredge  department.  | 


1877. 
January 
Febiiiary 
Man-h 
April 
May. 
June 
July 
August 
September 
October . . . 
November, 
December 


I    i 

H    I 

r 
I 


i 


I 


49  $2, 412  49 
"-  2,  710  27 
3,  025  78 
:J,tt31  28 
2,  609  06 
3,2h7  13 
2,  648  87 

2,  .160  01 

3,  288  71 
3,  :i»7  71 
3.061  57 
2,  845  56 


mo  00 

1,044  56 
915  00 
928  50 
915  00 
927  33 
925  -58 
915  00 
900  00 
852  00 
821  34 
820  00 


$74  18  j 
328  75  I 
366  91  , 
246  62  I 
296  98  I 

260  15  I 
194  80 

261  85  I 
235  82  I 
170  16 
203  98  I 
223  76  I 


o 
H 


I   5 

I   5 


-I- 


$979  18 
1,  373  31 
1,281  91 
1, 169  12 
1,211  98 
1,187  48 
1, 120  38 
1, 176  85 
1, 135  82 
1,022  16 
1,  025  32 
1,  043  76 


I  m* 

177 
I  719 
I  878 
,  d82 
'  1,011 
I  1,  172 
I  1,388 
1,417 
I  2, 178 
I  1,  084 

503 


$3,785  70 

4,26154 

5, 027  (& 

5,979  31 

4,8M  rt 

5, 4«  50 

4,94168 

5,104  99 

5.  Ml  95 

6,587  99 

5,17155 

4.392«8 

Total ,28,  608  77  7, 160  57  35,  769  34  ,10,  869  31  2, 857  96  13, 727  27  11,  889  34  i  61, 385  95 


Statement  of  amount  of  coal,  nalt^  and  iron  ore  pamed  through  the  Louisville  and  Portland 
Canal  for  the  year  ending  December  31,  1877, 


I 


Designation. 


Coal.... 
Salt  .... 
Iron  ore 


274,  223     12,  975,  200  buflliels 
26,120  211,200  barrels 

21, 873  27, 893        tonii 


Amount  of 
toll  col- 
lected. 


$22, 346  46 
2,  668  56 
2,  256  40 


Costofloclwgefor 
one  buHhel,  bar- 
rel, or  ton. 


.  166  c.  per  busheL 
1.07  c.  perbanvL 
8.  61  c.  per  ton. 
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5?    I       !  ' 

I  I  '  I 

770     steamboats : I    288,306.8  I  lOcents.,  28,830  68 

374  I  Tow-boats ,      50,724      ,  10  cents  '  5,072  40 

563  I  Model  barges '    127,693      jlOcents.'  12.769  30 

1, 573  I  Square  baf^es '    423,865      '    Scents.]  33,909  20 

426     Empty  barges I    109,024      I    Scents. i  5,45120 

175  I  SmaU  boats ' $5each.J  875  00 

Collections  from  tolls $87, 907  78 

Collections  from  dry-dock 195  00 

Collections  from  towage 146  00 

Collections  from  dredging 77  50 

Collections  from  rents 411  00 

Total  collections  for  year  1877 88, 737  28 


Digitized  by  VjOOQIC 


APPENDIX  U. 


A:&ra^UAL  KEPORT  UPON  THE  WORKS  IN  CHARGE  OF  MAJOR 
WILLIAM  E.  MERRILL,  CORPS  OF  ENGINEERS,  FOR  THE 
FISCAL  YEAR  ENDING  JUNE  30,  1878,  BY  LIEUTENANT  F. 
A.  MAHAN,  CORPS  OF  ENGLN^EERS,  TEMPORARILY  IN 
CHARGE. 

United  States  Engineer  Office, 

nmburghj  Fa.j  Axigmt  24, 1878. 
General  :  I  have  the  honor  to  transmit  herewith  the  annual  reports 
of  the  Ohio,  Moiiongaliela,  and  Little  Kanawha  rivers  for  the  year  end- 
ing Jime  30,  1878. 

Very  respectfully,  your  obedient  servant, 

F.  A.  Mahan, 
First  Lieutenant  Engineers. 
Brig.  Gen.  A.  A.  Hu^iphreys, 

Ch ief  of  Engineers. 


U  I. 

improving  OHIO  river. 

Owhig  to  the  fact  that  no  appropriation  was  made  in  1877  for  carrying 
on  work  on  the  Ohio,  but  little  could  be  done.  The  dike  at  White's 
Ripple,  11  miles  below  Pittsburgh,  was  extended.  Rocks  were  removed 
at  vaiious  points  along  the  upper  river.  The  snag-boat  E.  A.  Woodruff 
and  the  dredges  Ohio  and  Oswego  were  at  work  diuliig  the  low-water 
season. 

dike  at  white's  ripple 

(11  miles  below  Pittsburgh). 

During  the  season  of  1876,  985  feet  of  this  work  was  finished.  In  July, 
1877,  operations  were  resimied  and  1,808  feet  more  was  comi)leted.  A 
dam  was  also  built  between  the  foot  of  Xeville  Island  and  the  tow-head 
from  which  the  dike  starts.  During  the  j)resent  summer  the  dike  and  a 
cross-dam  fi^om  the  tlike  to  the  left  bank  of  the  river  will  probably  be 
completed.  The  details  of  this  work  will  be  found  in  the  following  rei)ort 
ofMr.  I.y.  Hoag,jr.: 

White's  Ripple  and  The  Trap,  11  and  12  miles  below  Pittsburgh,  was  once  one  of 
the  most  troublesome  points  on  the  Ohio  River. 

At  the  foot  of  Neville  Island,  10^  miles  below  Pittsburgh,  there  is  a  large  gravel  bar 
or  tow-head,  half  a  mile  in  length  and  varying  from  5  to  12  feet  in  height  above  low- 
water.  It  is  separated  from  the  island  by  a  narrow  cliute,  through  which  the  water 
flow^s  at  a  3-foot  stage.  From  this  bar  for  a  distance  of  three-fourths  of  a  mile  the 
river  is  known  as  white's  Ripple,  the  foot  of  the  shoal  being  known  as  The  Trap. 

In  July,  1838,  a  riprap  dike  for  the  improvement  of  this  place  was  begun.  Captain 
Sanders,  in  his  report  for  1838,  says :  ''The  iiroject  consisted  of  a  continuous  dike  of 
about  1  mile  in  length.     The  head  of  the  dike  was  on  the  right  shore  of  Neville  Island, 
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a  Bliort  dlfltance  froiu  the  foot  of  the  island.  ItA  (lirection  was  nearly  parallel  to  the 
channel  of  the  river.  It  pasHecl  over  two  bare  which  were  dry  at  low-water  and  termi- 
nated below  The  Trap  by  inclining  toward  the  left  shore." 

The  dike  was  completed  from  tne  island  to  the  tiret  bar  or  tow-head,  and  from  this 
bar  it  was  partly  built  for  almost  its  entire  lenj^th.  For  want  of  funds  it  was  left  in 
this  unfinished  state  in  1840.  In  1843  work  was  resumed  and  nearly  completed  by  the 
following  year. 

In  a  rei>ort.  of  December  3,  1844,  the  engineer  in  charge  savs : 

"  When  a  shoal  is  very  long,  embracing  several  ripples,  the  long  longitudinal  dike 
required  for  concentrating  the  water  over  the  ripple  may  need  the  support  which  will 
be  given  by  a  transverse  dam  which  will  back  the  water  to  a  sufficient  height  to  pre- 
vent any  strong  action  or  cross-current  over  the  former.  There  is  one  case  of  this 
kind  at  The  Trap." 

This  transverse  or  cross-dam  was  constructed  at  an  angle  of  45°  to  the  enrrent, 
and  extended  from  the  left  bank  to  meet  the  main  work  about  3,000  feet  fitjm  the 
head.  This  had  the  desired  effect.  In  1867  extensive  repairs  were  made  to  the  gen- 
eral work,  15,500  cubic  yanls  of  stone  being  used.  Repairs  again  becoming  necessary 
and  there  being  much  objection  to  a  wall  of  rough  stone,  against  which  barges  and 
boats  were  frequently  injure<l,  a  system  of  crib-work  was  devise<l  and  work  was  begun 
on  it  in  September,*  1876,  and  at  the  close  of  the  working  season  the  repairs  wer^ 
completed  for  a  distance  of  985  feet.  In  July,  1877,  operations  were  resumed  and  the 
dike  was  finished  for  a  further  distance  of  1,808  fe<»t,  and  the  dam  closing  the  chute 
between  the  tow-head  and  the  foot  of  Neville  Island  was  rebuilt. 

The  total  length  of  this  latter  dam  is  1,060  feet,  of  which  860  feet  is  of  substantial 
crib-work  ballasted  with  stone.  It  is  25  feet  wide  and  is  built  to  a  height  of  5  feet  3 
inclies  above  low-water.  The  total  length  of  repairs  to  the  dike  is  2,793  feet,  extend- 
ing to  a  iioint  100  feet  above  the  junction  of  the  dike  with  the  cross-dam.  The  dike 
is  20  feet  wide,  and  is  built  to  a  height  of  6  feet  aliove  low- water,  by  means  of  a  well- 
ballasted  crilvwork  having  a  smooth  siirftu'e  on  the  channel  side.  From  the  end  of 
the  crib- work  to  the  junction  of  the  cro88-<lam  with  the  dike,  a  gap  has  been  made 
through  the  latter  for  the  accommodation  of  the  commerce  of  Midllletown,  a  village 
on  the  left  bank.  This  gap  is,  however,  very  difficult  and  even  dangerous  to  naxigate 
in  its  present  state,  owing  to  the  stron^r  current  through  it,  but  when  the  cross-dam 
below  is  finished  to  the  height  of  the  diKe  all  this  trouble  will  disappear. 

The  lengt^h  of  the  cross-dam  is  about  800  feet,  and  the  cost  of  raising  it  by  a  crib- 
work  of  similar  construction  to  that  of  the  dike  is  estimate<l  at  $10  per  linear  foot,  or 
a  total  of  |8, 000.  After  this  is  done  the  repairs  of  the  dike  should  be  still  further  ex- 
tended to  the  foot  of  The  Trap,  a  distance  of  about  1,500  feet.  The  cost  of  this  ex- 
tension will  be  about  |10,500,  or  $7  per  linear  foot. 

The  following  statement  shows  the  materials  expended  in  tlie  repairs  of  1876  and 
1877,  with  their  cost,  as  well  as  the  cost  per  linear  foot  of  the  work  completed-  A 
sketch  is  appended,  showing  the  manner  of  construction  and  the  location  of  the  works. 

FOR  THE  DIKE. 

267, 335  feet  oak,  at  |17  to  |21  per  M $4,989  29 

80, 712  feet  pine,  at  $18  per  M 1,452  81 

19, 849  feet  hemlock,  at  $11.95  to  $13  per  M 248  27 

60,026  pounds  bolts,  at  2i  to  2f  cents  per  pound 1,416  24 

1,487  pounds  spikes,  at  3  to  4  cents  per  pound 51  49 

182  pounds  plate-iron,  at  6^  cents  per  pound 11  83 

128  pounds  ring-bolts,  at  8  cents  per  pound 10  24 

4,785.5  cubic  yanls  slag,  at  49  to  70  cents  per  cubic  yard ^--.  2,738  96 

2, 552.5  cubic  yards  stone,  at  50  cents  to  $1  per  cubic  yard 1, 703  12 

Freight  on  57,700  pounds  iron,  at  12i  cents  per  cwt 72  10 

Took  and  implements 25  14 

Towing  boats 23  04> 

Labor 5,046  26 

Total  cost 17,788  75 

Average  height  of  new  work 5  feet. 

Length  of  crib- work • 2,793  feet. 

Cost  per  linear  foot $6  37. 
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FOR  THE  DAM. 

55,747  feet  oak,  at  $17  to  Igl8  per  M |1,  002  00 

10,320  feet  pine,  at  |18  per  M 185  76 

13,074  feet  hemlock,  at  $11.95  per  M 156  23 

6,814  pounds  bolts,  at  2^  cents  per  x)onn(l 15iJ  32 

253  pounds  spikes,  at  3^  cents  per  pound 8  85 

644  cubic  yards  slag,  at  49  cents  per  cubic  yard 315  56 

1,014.5  cubic  yards  stone,  at  60  cents  per  cubic  yard 608  70 

Freight  on  6,200  pomnLs  iron,  at  12i  cents  per  cwt 7  75 

Labor 1,517  93 

Total  cost 3,956  10 

Average  height  of  work 3.  3  feet. 

Length 1,  060  feet. 

Cost  per  linear  foot |iJ  73 

REMOVING  ROCKS. 

Maiiy  complaints  being  made  about  the  existence  of  rocks  in  various 
parts  of  the  river,  a  steamboat,  the  Argo,  with  one  crane  boat,  was  em- 
ployed on  the  11th  of  August  to  work  between  Marietta  and  Portsmouth. 
Another  steamboat,  the  Orion,  began  work  near  Pittsburgh  on  the  3d  of 
August.  The  Argo  quit  work  October  6  and  the  Orion  October  9. 
Duriug  this  time  these  two  boats  worked  over  346  miles  of  the  river  and 
removed  more  than  1,600  rocks,  many  of  which  would  weigh  from  15  to 
20  tons.    Other  rocks  were  broken  in  pieces  and  leveled  down. 

In  iiddition  to  these  boats  a  party  of  men  with  horses  and  a  drag-sled 
was  employed  at  Bninot's  Island,  Horsetail,  Lowrie's,  Dufl^^s,  Merriman's, 
and  Wliite's.    This  party  removed  2,787  rocks  from  these  bars. 

SNAG-BOAT  E.  A.   WOODRUFF. 

For  the  reasons  given  by  Maj.  W.  E.  Merrill  in  his  last  annual  report 
(Keport  of  the  Chief  of  Engineers  for  1877,  Part  1,  page  627)  the  work 
done  by  the  snag-boat  during  the  entire  season  of  1877  is  here  given, 
which  of  course  includes  a  part  of  the  fiscal  year  eliding  June  30, 1877. 

The  season's  work  began  June  5  and  ended  December  6, 1877.  On 
the  latter  date  the  boat  went  out  of  commission  and  was  laid  up  for  the 
^^inter  in  the  mouth  of  Green  Eiver,  Kentucky.  During  the  season  she 
worked  over  the  river  as  follows : 

1.  Ciuc'iimati  to  Pittsburgh. 

2.  PittHburgli  to  Cairo. 

3.  Cairo  to  Parkersburg. 

4.  Parkersburg  to  winter  qiiartera  in  the  mouth  of  Green  River. 

The  sum  of  the  season's  work  was  1,037  snags  and  50  wrecks  of  barges. 
The  aggregate  weight  of  the  snags  was  8,885  tons,  making  the  average 
weight  of  a  snag  8|  tons. 

The  distance  mn  was  2,990  miles. 
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The  following  table  shows  the  work  of  the  boat  in  detail: 

i 

t 

«> 

g 

1 
g 

t 

1 

eight 
nags  rem< 
d,  tons. 

-1 

go                                                   Remarks. 

^  _ 

9 

^ 

7^      1 

Jime     9 

123 

3 

176    1  Cincinnati  to  Sonth  Point,  Ohio. 

16 

12 

31 

4 

358}  ,  South  Point  to  Walker's  Station,  Ohio. 

23 

31 

166 

8 

16H  '  Walker's  Station  to  Mnrraysville,  W.  Va. 

30 

55 

409 

1 

114i     Murravsville  to  Four  Pole  Creek,  W.  Va. 

Jnly      7 

53 

450 

1 

I57J  ,  Fonr  I^ole  Creek  to  Cincinnati. 

14 

'  Repairing  boat  at  Cincinnati. 

21 

27* 

"    '"i29' 

"ii" 

112    1  Cincinnati  to  Bnsh's  farm,  Ind. 

28 

54 

396 

3 

142    1  Bnsh's  farm  to  Cannelton,  Ind. 

Ang.      4 

76 

603 

81i     Cannelton  to  Henderson  Bend. 
29^     Henderson  Bend  to  Slim  Island. 

*     11 

73 

996 

18 

57 

994 

...... 

644  1  Slini  Island  to  Big  Hurricane,  Ind. 
47i     Big  Hurricane,  Ind.,  to  Padncah,  Ky. 

25 

43 

589 

Sept.      1 

41 

414 

2 

1334     Paducah  to  Prvor's  Island. 

8 

50 

476 

1 

60    i  Prvor's  Islandto  Wabash  River. 

15 

57 

405 

62}  ,  Waba«h  River  to  Three  MUe^  Ind. 

22 

58 

447 

92i  ,  Three  Mile,  Ind.,  to  Hai-riaon's  Landing. 
794  1  Harrison's  Landing  to  New  Albany. 

29 

42 

358 

Oct        6 

49 

245 

47       New  Albany  to  West  Louisville. 

13 

6i  1  Laid  up ;  low  watt»r. 
79    i  West  Louisville  to  Patriot. 

20 

56 

""'368' 

...... 

27 

09 

516 

2 

52      Patriot  to  Cincinnati. 

'Sox.      3 

1 

44     Repairing  boat  at  Cincinnati. 
67}  ,  Cincinnati  to  Palestine,  Ohio. 

10 

49" 

■■"2i7 

5 

17 

25 

175 

5 

97    i  Palestine  to  Portsmouth,  Ohio. 

24 

36 

322 

1 

115i  1  Portsmouth  to  Riverside,  Ohio. 

Dec.       1 

11 

96 



339i     Riverside  to  Cincinnati. 

8 

4 

20 

308| 

Cincinnati  to  Green  River. 

1,037 

8,885 

5X 

2,9904 

DREDGING. 

The  dredges  Ohio  and  Oswego  were  at  work  continuously  from  July 
2  to  December  1,  1877. 

On  the  6th  of  April  they  went  to  the  Wabash  and  were  engaged  on 
that  river  under  direction  of  Maj.  J.  A.  Smith,  Corps  of  Engineers,  until 
June  24, 1878. 

CINCINNATI. 

Before  starting  out  the  dredges  removed  the  wreck  of  a  coal-barge  at 
the  foot  of  Ludlow  street. 

RACCOON  ISLAND. 
(273  miles  below  Pittsburgh.) 

The  object  of  dredging  at  this  point  was  to  remove  a  lump  between 
the  two  channels  of  the  river.  This  work  it  was  supposed  had  been  fin- 
ished during  the  preceding  season,  or  so  nearly  completed  that  the  cur- 
rent would  finish  the  removal  of  the  lump,  but  time  had  shown  the  need 
of  ftirther  dredging  to  complete  the  improvement.  Work  began  here 
on  the  2d  of  July  and  ended  on  the  21st.  The  number  of  days  actuaUy 
at  work  was  but  7,  during  which  time  the  lump  was  removed.  The  re- 
sult of  this  work  was  the  widening  of  the  channel  about  200  feet,  besides 
straightening  it  considerably. 

Excavation  made,  4,568.7  cubic  yards. 

GALLIPOLIS  ISLAND. 
(267  miles  below  Pittsburgh.) 

After  leaving  Raccoon  Island  the  dretlges  began  work  at  Gallipolis 
Island,  with  a  view  to  widening  the  channel  so  as  to  relieve  tows  from 
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cnannei  aDout  4ou  leet  wiae.  Tiie  ciiannei  was  aiso  verj'^  iniicn  straignt- 
ened. 

The  wrecks  that  were  said  to  have  caused  the  bar  were  removed,  and 
it  seems  probable  that  the  current  will  now  restore  the  channel  to  the 
middle  of  the  river,  which  appears  to  be  its  normal  position  at  this 
point. 

Work  began  here  on  the  22d  of  July  and  ended  on  the  30th  of  August. 
The  number  of  days  actually  at  work  was  26  J. 

Excavation  made,  34,851.5  cubic  yards. 

FOOT  OF   RACCOON  ISLAND. 
(274  miles  below  Pittsburgh. ) 

After  finishing  at  Gallipolis  Island,  the  dredges  went  to  Raccoon 
Island  to  straighten  the  channel  by  the  removal  of  a  lump  on  the  island 
side  just  above  Crab  Creek  Bar.  This  work  was  not  of  much  impor- 
tance, but  was  taken  in  hand  because  there  was  not  sufiftcient  water  to 
permit  of  taking  the  dredges  to  more  important  i)oints.  They  worked 
here  from  August  31  to  September  4,  when  the  river  rose  sufftciently  to 
let  the  dredges  go  elsewhere. 

Excavation  made,  2,145  cubic  yards. 

culltjm's  ripple. 

(471^  miles  from  Pittsburgh.) 

The  dredges  next  went  to  Cullum's  Ripple,  where  the  channel  was 
very  narrow  and  navigation  rendere<l  difficult  by  the  projection  of  a 
rocky  point  or  bar  formed  at  the  mouth  of  a  small  creek  on  the  Ohio 
shore  about  the  middle  of  the  ripple.  The  low- water  channel  here  has 
been  widened  about  Go  feet  at  the  upper  end  of  the  ripple  by  removing 
a  part  of  the  bar  on  the  left ;  and  the  rocky  point  referred  to  has  been 
entirely  removed.  In  this  way  the  channel  has  been  straightened  and 
made  some  90  feet  wider  than  before.  Six  snags  and  one  wreck  were 
also  removed  by  the  dre<lges  at  this  point.  The  dredges  worked  here 
23.5  days. 

Excavation  made,  13,245  cubic  yards  loose  rock  and  10,581  cubic  yards 
gravel. 

CINCINNATI  SOUTHERN  BAELROAD    BBrDGE. 

By  authority  of  the  Secretary  of  War  (letter  Chief  of  Engineers,  Oc- 
tober 3, 1877),  the  dredges  were  employed  from  October  6  to  October  10 
in  removing  the  crib- work  and  riprap  from  around  the  channel-piers  of 
the  Cincinnati  Southern  Eailroad  Bridge. 

Excavation  made,  1,314  cubic  yards  loose  rock. 

CUMBERLAND  DAM. 

(907  miles  below  Pittsburgh.) 

After  completing  the  work  at  the  Cincinnati  Southern  Eailroad  Bridge 
the  dredges  went  to  Cumberland  Dam,  it  having  been  found  that  the  gap 
made  last  season  was  not  deep  enough,  and  that  the  rock-piles  marking 
the  limits  of  the  gap  were  dangerous  to  navigation.  Work  was  begun 
on  the  2oth  of  October  and  ended  December  1.  The  gap  has  been  so 
much  enlarged  that  it  is  not  thought  that  any  further  difficulty  will  be 
found  there.  The  channel  through  the  dam  is  now  660  feet  wide,  meas- 
ured at  right  angles  to  the  current,  and  720  feet  wide  measured  along 
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the  dam.  The  mmimum  depth  at  low- water  is  5 J  feet.  For  a  width  of 
250  feet,  beginning  30  feet  from  Dog  Island,  the  channel  has  a  mininiaiu 
depth  of  6^  feet.    Time  at  work,  27^  days. 

Excavation  made,  16,488  cubic  yards  loose  rock. 

The  following  tables  show  the  details  of  the  work  done  by  the  dredger. 
The  Wabash  liiver  work  and  the  work  done  at  the  Cincinnati  Soathem 
Bailroad  Bridge,  not  l)eing  paid  for  from  the  appropriation  for  impro>ing 
the  Ohio  River,  are  omitted  from  the  tables. 

DREDGES  IX  COMMISSION,  1877. 

Time  at  work:  Daj-s. 

OrdiDary  dredging 45.5 

Loose  roc'k  excavation 40.5 

Wrecking  and  snagging 6.5 

Time  lost : 

Traveling 18 

Accidents --..«-.. 7 

High  and  low  water 3 

Sundays 96 

Total 157 

Work  done :  Gnbic  yanlsL 

Gravel  excavation  during  season 52,146.2 

Gravel  excavation  per  day  at  work 1,124, 1 

Loose  rock  excavation  during  season 29,733. 1 

Loose  rock  excavation  per  day  at  work 734. 1 

Wrecks  removed 8 

Snags  removed 12 

Cost: 

Equipment : 

While  in  commission ^1  20 

Per  day  at  work 10  61 

Per  day  in  commission 6  25 

Towing : 

While  in  commission |7,238  20 

Per  day  at  work 78  24 

Per  day  in  commission 46  10 

Salaries : 

While  in  commission |8, 981  8H 

Per  day  at  work 97  10 

Per  day  in  commission 57  21 

Eepaii*s : 

While  in  commission |524  48 

Per  day  at  work 5  67 

Per  day  in  commission , 3  34 

Totals : 

For  dredging ^11,113  40 

For  loose  rock  excavation 9,892  15 

For  wrecking  and  snagging 1,587  6;^ 

Per  day  at  work 244  25 

Per  day  in  conunission 143  90 

Per  cubic  yard  of  gravel  excavated 21^ 

Per  cubic  yard  of  loose  rock  excavated 33^ 

DREDGES  OUT  OF  COMMISSION. 

Time:  D.^^ 

In  ordinary 116 

Annual  spring  repairs 65 

Total lj»l 

Cost: 

Salaries $1,015  67 

Towing  (Wabash  River  to  Cincinnati) « 1,205  iX» 

Annualspring repairs. -..,..-.. 3,145  67 

Total 5,366  34 
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The  hull  of  the  dredge  Ohio  (built  in  1871)  is  worn  out,  and  it  is  very 
doubtful  whether  it  "mil  last  through  the  present  season.  The  ma- 
chinery of  this  dredge  is  still  in  fair  condition,  although  it  needs  some 
imi)ortant  repairs. 

MOVABLE  DAM  AT  DAVIS'S  ISLAND. 

After  many  delays  and  much  trouble  the  land  for  the  first  movable 
dam  has  been  bought  and  paid  for.  The  payment  was  made  on  May  13, 
1878,  and  the  deeds  for  the  propeiiy,  after  having  been  recorded  in  the 
office  of  the  recorder  of  Allegheny  County,  Pennsylvania,  were  sent  to 
the  Chief  of  Engineers  on  June  21, 1878. 

SPECIAL    SURVEYS. 

The  following  surveys  were  made  during  the  year : 

1.  Surveys  for  Ice  Harbor  at  Cincinnati. 

2.  Siir>ey  of  Letart  Falls. 

3.  Survey  of  Rising  Sun  Bar. 

4.  Survey  of  Portland  Bar. 

5.  Survey  of  harbor  at  Evansville,  Ind. 

Of  these  the  maps  are  all  completed,  and  tracings  of  them  are  now 
being  made. 

The  report  on  the  ice-harbor,  together  with  explanatory  map,  was  for- 
warded to  the  Chief  of  Engineers  on  December  28, 1877. 

OFFICE   WORK. 

Work  in  the  office  has  included  working  iip  maps  of  surveys,  prepar- 
ing drawings  for  lock  and  dam  at  Davis's  Island,  and  making  plans  for 
the  repairs  of  the  snag-boat  and  dredges.  Hydrographs  have  been  con- 
structed from  the  gauge  records  kept  at  various  points  on  the  river,  and 
a  large  number  of  drawings  have,  for  their  better  preservation,  Deen 
mounted  on  cloth. 

Ko  mention  is  made  of  the  work  authorized  during  the  present  season, 
nor  is  any  estimate  given  for  the  fiscal  year  1870-'8O,  s,s  these  matters 
seem  more  properly  to  belong  to  Major  ilerrill,  Avho  icMinied  charge  of 
the  work  a  few  days  alter  the  close  of  the  fiscal  year. 

Money  statement 

July  1,  1877,  amount  available,  including  ^6,924  due  on  out- 
standing liabilities $181,443  36 

Amount  appropriated  by  act  approved  June  18, 1878 300,  000  00 

$481,  443  96 

July  1, 1878,  amount  expended  during  fiscal  year 91,  336  31 

July  1, 1878,  outstanding  liabilities 391  72 

91,728  03 

July  1, 1878,  amount  available 389, 715  33 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1680 .     500,  000  00 


SPECLAL    EEPOBT  OF  BOABD  OF  EKGINEEBS  ON  PBOPOSED  MOVABLE 
DAM  AT  DAVIS'S  ISLAND,  OHIO  EIVEE. 

Cincinnati,  Ohio,  January  25y  1878. 

Genebal:  The  Board  of  Engineer  Officers  appointed  by  Special  Or- 
ders Ko.  5,  dated  headquarters  Corps  of  Engineers,  Washington,  D.  C, 
January  15, 1878,  have  the  honor  to  submit  the  following  report : 

In  accordance  with  the  above  order  the  Board  met  at  Cincinnati  on. 
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xue  insirucDioiis  couraiueu  m  me  uriier  wer 

To  examine  and  report  upon  the  plan  of  a  lock  and  gate  pro][>o8ed  to  be  substituted 
by  Ma^jor  Merrill  for  the  lock  and  cate  heretofore  approved  m  connection  with  the 
construction  of  the  first  "movable  dam"  on  the  Ohio  Kiver  below  Pittsburgh. 

The  special  instructions  to  the  Board,  contained  in  a  letter  of  January 
16,  fi'om  the  Chief  of  Engineers  to  the  presiding  officer  of  the  Board, 
stat€  that  it — 

Is  authorized,  in  addition  to  the  duties  prescribed  by  the  order,  to  consider  and  re- 
port upon  any  questions  relating  to  the  movable  dam  proposed  to  be  constructed  on 
the  Ohio  River  below  Pittsburgh  as  may,  in  the  judgment  of  the  Board,  be  deemed 
essential  in  further  illustration  of,  or  in  extension  of,  or  in  modification  of  the  report 
of  the  Board  dated  April  19,  1875. 

In  accordance  with  the  above  orders,  the  Board  have  carefully  studied 
the  whole  subject  of  the  proposed  movable  dam  at  Davis's  Island,  near 
Pittsburgh,  and  have  concluded  that  no  change  is  needed  in  the  former 
report  on  this  subject,  excepting  the  part  that  rehites  to  the  lock.  The 
ofiBcer  in  charge  does  not  desire  any  modification  in  the  plans  for  the 
dam  that  were  then  approved,  nor  do  the  Board  see  any  reason  for 
changing  the  former  conclusions  on  this  part  of  the  work. 

The  plan  for  a  lock  which  was  presented  to  the  Board  in  April,  1875, 
nearly  three  yeai*s  ago,  contemplated  a  width  in  the  clear  of  78  feet  and 
an  available  length  of  630  feet.  It  was  expected  to  accommodate  a  fleet 
of  9  coal  barges  in  3  ranks  of  3  in  a  rank,  a  tow-boat  in  rear  of  the  fleet, 
and  a  small  fuel  flat.  It  was  known  even  then  that  coal  fleets  are  not 
usuallj^  made  up  in  this  manner,  but  the  lock  proposed  was  believed  to 
be  as  wide  as  it  was  practicable  to  make  it  with  miter  gates  of  such 
limited  height.  It  was  expected  that  the  coal  trade  would  adapt  itself 
to  the  lock,  and  that  no  serious  trouble  would  ensue. 

Not  long  after  this  report  was  made,  opposition  to  the  whole  method 
of  imi)rovement  sprang  up  among  coal-shippers,  and  it  became  desirable 
to  remove  any  ground  of  opposition. 

It  was  expected  that  work  of  construction  would  be  begun  in  the  sum- 
mer of  1875,  but  owing  to  the  failure  of  the  legislature  of  Pennsylvania 
to  pass  an  act  ceding  jurisdiction  to  the  United  States  over  the  lands 
required  for  the  lock  and  abutments,  nothing  could  be  done.  In  the 
spring  of  1877  the  act  in  question  was  passed,  and  the  interval  since  then 
has  been  spent  in  negotiating  for  the  necessary  lands  and  in  securing  the 
approval  of  the  Attorney-General  to  the  validity  of  the  titles.  These 
matters,  however,  are  weU  under  way,  and  so  soon  as  this  approval  is 
obtahied  work  can  be  begun  at  once. 

Meanwhile  the  officer  in  charge,  recognizing  the  force  of  the  objections 
to  the  lock  as  approved,  endeavored  to  overcome  them  by  an  increase  in 
width.  After  long  investigation  he  finally  decided  to  recommend  a  gate, 
somewhat  resembling  a  railroad  car,  which,  when  out  of  use,  is  housed 
in  a  recess  in  the  bank,  and  when  needed  is  run  across  the  lock,  thus 
shutting  it  up  and  acting  as  a  gate. 

The  drawings  and  calculations  of  this  gate  have  been  submitted  to  us, 
and  we  have  carefully  examined  a  very  well-built  model. 

We  have  no  hesitation  in  afiirming  our  belief  that  this  gate  wiU  work 
satisfactorily,  and  that  it  is  specially  suitable  to  very  wide  locks  with 
low  heights  of  wall. 

The  proposition  now  submitted  by  the  engineer  in  charge  is  to  make 
the  lock  wide  enough  to  admit  the  normal  coal  fleet  of  ten  barges  and  a 
tow-boat.    This  wUl  require  a  neat  width  of  100  feet,  and  if  10  feet  be 
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feet,  which  is  a  reduction  of  .'50  feet  in  the  available  length  originally  pro- 
posed. An  additional  saving  in  length  arises  from  the  fiict  that  the  widtli 
of  the  lower  gate  as  now  deisigned  is  32.5  feet  less  than  the  length  of  the 
recess  for  the  lower  gate  of  the  78-feet  lock.  The  width  of  the  upper  gate 
is  34.5  feet  less  than  the  length  of  the  recess  for  the  ui)per  gate  of  the  78- 
feet  lock.  The  total  saving  in  the  length  of  the  lock- walls  will  therefore 
be  134  feet,  which  saving  will  probably  about  counterbalance  the  in- 
creased cost  due  to  the  gate  recesses,  which  are  not  in  the  original  plan. 

The  plans  submitted  to  us  are  for  a  lock  of  this  width,  closed  at  each 
end  by  a  straight  running  gate  117  feet  long,  having  a  lap  of  3.5  feet  on 
each  wall. 

The  power  to  move  these  gates  and  to  maneuver  the  valves  for  filling 
and  emptying  the  lock-chamber  is  to  be  a  small  steam-engine  of  not  to 
exceed  10  horse-power.  It  would  seem  at  first  thought  that  it  would  be 
better  to  utilize  the  i>ower  created  by  the  dam,  but  a  careful  calculation, 
which  has  been  submitted  to  us,  ha«  shown  that  the  first  cost  of  the 
structures  necessary  to  establish  turbines  is  so  great  that  steam  is  the 
cheaper  of  the  two.  Moreover,  there  are  times  when  power  is  needed 
for  pumping  and  other  work  when  the  dam  is  down  and  turbines  could 
not  be  set  in  motion.  Another  advantage  is  that  steam-engines  are 
always  visible  and  accessible  for  repairs,  and  being  in  more  general  use 
than  turbines  it  is  much  easier  to  get  competent  men  to  manage  them. 
The  proximity  of  the  dam  to  the  great  iron  and  coal  city  of  Pittsburgh 
seems  to  indicate  steam  as  the  natural  and  proper  motor  at  this  work. 
We  therefore  recommend  the  use  of  steam  instead  of  water  power  for 
mo\ing  the  gates  and  for  other  similar  work  about  the  lock. 

The  arrangements  for  filling  and  emptying  the  lock  seem  to  be  well 
designed  to  serve  their  purpose^  and  also  to  prevent  any  accumulations 
in  the  gate  recesses  that  might  mterfere  with  the  free  movement  of  the 
gates. 

The  short  section  of  movable  dam  across  the  head  of  the  lock  is  appar- 
rently  a  necctssary  adjunct  in  order  to  insure  the  safe  withdrawal  of  both 
gates  in  times  of  flood,  and  their  re-establishment  across  the  lock  when 
Sie  floods  have  subsided.  Should  experience  show  that  the  gates  can 
be  maneuvered  without  it,  the  wickets  can  be  utilized  on  the  weir  of 
another  dam. 

In  approving  of  the  plans  that  have  been  laid  before  us,  the  Board 
desire  to  limit  their  approval  to  the  general  design  and  method  of 
accomplishing  the  object  of  the  work.  They  think  that  the  engineer  in 
charge  should  have  great  latitude  in  all  the  details,  as  time  and  experi- 
ence are  constantly  suggesting  minor  changes  and  modifications  wliich 
the  engineer  should  be  at  full  liberty  to  adopt  without  the  formaUty  and 
loss  of  time  required  to  subndt  a  formal  application  for  authority.  The 
very  plans  which  we  are  now  discussing  are  a  proof  that  improvements 
are  constantly  suggesting  themselves  in  any  large  work,  even  before  it 
is  begun.  It  is  probable  that  many  others  will  become  evident  daring 
the  actual  work  of  construction. 

Accompanying  this  report  is  a  tracing  of  the  lock  and  its  appurte- 
nances. It  was  not  considered  necessary  to  give  the  details  of  all  the 
minor  parts,  for  the  reason  suggested  above. 

We  would  recommend  that  the  engineer  in  charge  investigate  the  pro- 
priety of  using  iron  instead  of  wooden  trusses  for  the  lock-gates.  Either 
material  will  aocompUsh  its  purpose  satisfactorily,  and  we  would  there- 
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Very  respectfully,  your  obedient  servants^ 

H.  G.  Wright, 
Lieut  Col.  of  Engineers^  Bvt  Maj.'Oen. 
G.  Weitzel, 
Major  of  Engineers j  Bvt  Maj.-Oen. 

O.  M.  PoE, 
Major  of  Engineers^  Bvt  Brig.  Oen. 
Wm.  E.  Merrill, 
Major  of  Engineers^  Bvt  Colonel. 
F.  A.  Mahan, 
First  Lieutenant  of  Engineers^  Recorder. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  8.  A. 

[First  indorsement.] 

Office  op  Chief  of  Engineers, 

February  4, 1878. 

Eespectftdly  submitted  to  the  honorable  the  Secretary  of  War  in  con- 
nection with  the  question  of  the  construction  of  the  first  movable  dam 
across  the  Ohio  Eiver  below  Pittsburgh,  provided  for  by  the  river  and 
harbor  act  of  March  3. 1875.  A  report  upon  this  subject  was  made  by 
a  Board  of  Engineer  Offtcers  constituted  for  the  purpose,  which  was  ap- 
proved by  the  Secretary  of  War  May  6, 1875. 

Further  investigation  of  the  subject,  pending  the  settlement  of  pre- 
liininary  matters  before  commencing  the  work,-has  induced  Maj.  Wm.  B. 
Merrill,  Corps  of  Engineers,  the  officer  in  charge,  to  propose  an  altera- 
tion of  the  plan  heretofore  approved,  so  far  as  it  relates  to  the  dimen- 
sions of  the  lock  and  the  construction  of  lock-gates.  This  proposed 
change  in  the  plan  was  submitted  for  investigation  to  a  Board  of  Engi- 
neer Officers  and  the  result  is  given  in  the  within  report. 

It  will  be  seen  that  the  Board  approves  the  proposed  change  in  the 
lock  and  lock-gates.  Its  views  are  concurred  in  by  me  and  are  respect- 
fully recommended  for  approval. 

•  •••••• 

A.  A.  Humphreys, 
Brig.  Oen.  and  Chief  of  Engineers. 

[Second  indorsement.] 

The  recommendation  of  the  Chief  of  Engineers  is  approved. 
By  order  of  the  Secretary  of  War. 


February  9, 1878. 


John  Tweedai^e, 
Acting  Chief  Clerk, 


U    2. 

improving  upper  MONONGAHELA  river,  west  VIRGINIA. 

Nothing  wa«  done  on  the  works  on  this  river  during  the  past  year, 
owing  to  lack  of  funds.  The  condition  of  the  work  is  given  in  ^lajor 
Merrill's  last  annual  report  (Report  of  the  Chief  of  Engineers  for  1877, 
Part  I,  page  662). 
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below  the  moiitli  of  Cheat  River.  When  this  lock  is  finished  (which  is  No.  8  of  the 
series  beginniug  at  Pittsburgh),  the  Mouougahela  Navigation  Company  will  put  in  No. 
7,  and  then  there  will  he  a  coiuj^lete  slackwater  navigation  from  Pittebnrgh  to  Mor- 
gantown,  102  miles.  The  lock  at  Laurel  Run,  with  keeper's  house  and  all  accessories, 
will  cost  about  $115,000,  the  increase  over  the  Hoard's  Rock  lock  being  due  to  the 
greater  depth  and  expense  of  foundation. 

ESTIMATE  FOR  ISTd-'SO. 

For  lock  at  Laurel  Run $115,000  00 

Motley  statement 

July  1,  1877,  amount  available $519  54 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$25,519  54 

July  1,  1878,  amount  expended  during  fiscal  year 240  00 

July  1,  1878,  outstanding  liabiUties 2,903  15 

3, 143  15 

Julyl,  1878,  amount  available 22,376  39 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  115, 000  00 


U  3. 

IMPROVEMENT  OF  LITTLE  KANAWHA  RIVER,  WEST  VIRGINIA. 

The  Little  EB.nawlia  drains  an  area  estimated  at  3,200  square  miles. 
(The  character  of  its  basin  is  such  that  the  rain-fall,  except  what  is  ab- 
sorbed by  the  ground,  is  quickly  carried  off  by  the  river  and  its  tribu- 
.  taries.  A  general  rain  in  the  basin  is  followed  by  a  rise  that  generally 
,18  of  but  short  duration.  Sometimes  when  a  heavy  rain  occurs  in  ^e 
valley  of  a  tributary  the  water  ex)ming  fix)m  it  carries  a  large  amount  of 
sediment,  which,  beuig  deposited,  frequently  forms  a  bar  in  the  stream 
at  the  mouth  of  the  tributary. 

During  the  dry  season  the  Little  Kanawha  is  fed  by  mountain  springs, 
but  these  do  not  supply  sufficient  water  to  keep  up  a  continuous  navi- 
gation. 

The  present  use  of  the  unimproved  part  of  the  river  is  to  run  out  lum- 
ber. The  finest  quahties  of  poplar,  oak,  hickory,  beech,  maple,  birch, 
gum,  linn,  and  walnut  are  found. 

This  timber  must  be  cut  and  stored,  and  then  kept  until  a  rise.  Ab 
everybody  must  do  this,  it  naturally  follows  that  a^r  ea<ih  rise  there  is 
a  glut  in  the  markets  supplied  from  these  sources,  and  consequently  the 
lumber  must  be  sold  at  prices  that  hardly  pay  for  getting  it  out  and 
transporting  it. 

This  valley  is  very  rich  in  fine  iron-ores.  Good  lunestone  is  also  found 
in  abundance.  It  is  said  that  copper  and  saltpeter  have  also  been  found, 
but  the  quantity  and  quality  of  these  last  have  not  been  given. 

Plenty  of  coal  is  found  throughout  this  basin,  varying  in  thickness 
from  4  to  12  feet.  In  the  present  condition  of  the  river  this  coal  cannot 
compete  with  that  which  comes  from  Pittsburgh.  The  only  remedy  for 
this,  as  well  as  for  the  difficulties  about  lumber,  is  to  slackwater  the 
river.  Were  slackAvater  established,  the  cost  of  towing  would  probably 
not  exceed  that  on  the  Mouongahela,  although  this  would  dei>end,  in 
some  measure,  ui)on  the  amount  of  towing  to  be  done. 
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APPENDIX   U.  807 

The  great  obstacles  to  the  navigation  of  this  stream  jire  lack  of  water 
and  leaning  trees.  During  the  periods  of  high  water,  when  the  currents 
are  swift,  the  sand  is  carried  away  from  the  roots  of  the  trees,  which 
consequently  lean  over  to  a  greater  or  less  extent.  In  rivers  of  ordinary 
width  this  might  do  little  or  no  harm,  but  where  the  stream  is  narrow 
these  trees  become  a  great  obstacle  to  the  passage  of  boats.  Sometimes 
these  leaning  trees  are  entirely  undermined  and  carried  away  by  the 
current.  If  they  happen  to  becaxight  at  any  shoal  point  they  become 
dangerous  as  snags.  At  other  times,  when  caught,  they  form  the  nucleus 
of  bars,  and  in  this  case  they  present  a  very  great  obstruction  to  im- 
provement, because  it  becomes  necessary  to  remove  not  only  the  rack- 
heap  but  the  bar  also  that  has  formed  about  it. 

On  account  of  the  sinuosity  of  the  river  both  bars  and  islands  become 
great  obstacles  to  navigation  by  reducing  so  much  the  width  of  the 
stream.  The  thick  undergrowth  of  brush  upon  the  bars  and  islands 
has  caused  their  enlargement  by  collecting  and  holding  the  sedimentary 
deposits  of  the  fi'eshete. 

The  three  mill-dams  above  Glenville  present  great  obstacles  to  the 
navigation  of  the  upper  river.  These  dams  are  only  passable  by  boats 
when  there  is  a  rise  of  at  least  8  feet.  The  consequence  is  that  rafts- 
men are  often  prevented  from  taking  advantage  of  water  otherwise  suit- 
able, on  account  of  the  depth  being  insufficient  to  float  them  over  these 
artificial  obstructions. 

Last,  but  not  least^  must  be  mentioned  the  many  large  rocks  scattered 
over  the  bed  of  this  river.  There  would  often  be  sufficient  water  to  make 
nearly  all  other  obstructions  disappear,  but  the  current  of  this  river  is 
so  rapid  during  these  freshets  that  it  is  almost  impossible  for  loaded 
boats  to  pass  the  projecting  rocks  in  the  sharp  bends  without  being 
stove  up. 

Mr.  Bell,  the  engineer  in  charge  of  the  work  on  this  stream  during 
the  summer  of  1877,  reports  as  follows : 

The  improvements  on  this  river  have  been  made  with  a  view  of  bettering  its  present 
navigable  condition  as  far  as  practicable  with  the  available  funds.  Before  describing 
the  manner  of  removing  the  obstructions  to  uavigatioiiy  it  wiU  be  necessary  to  state 
that  this  improvement  was  not  undertaken  >*ith  the  view  of  obtaining  a  depth  of 
water  sufficient  for  st-eamboat  navigation,  bnt  simply  to  remove  such  obstructions  as 
impeded  the  running  out  of  the  timber  products  of  tliis  valley. 

After  the  examination  of  the  Beaver  aud  Nailor  Bend  rocks  with  a  view  to  preparing 
specifications  for  their  removal  by  contract,  I  began  to  work  upon  the  improvement 
of  the  river  at  Buffalo  Shoals,  tlie  first  serious  obstruction  below  Lumberport,  the 
practical  head  of  navigation  for  rafts.  The  improvement  consisted  in  building  a  brush 
and  stone  wing-dam  to  the  island  in  the  middle  of  .the  shoal,  and  in  plowing  and 
scraping  the  gravel-bed  of  the  left-hand  chute.  All  the  water  is  now  confined  to  one 
channel,  which,  since  its  improvement,  has  increased  in  depth  nearly  2  feet. 

The  work  from  Bulltown  to  this  shoal  consisted  in  the  removal  of  such  leaning  tcees 
and  snags  as  had  a  tendency  to  catch  floating  logs  that  were  on  their  way  to  be  lormed 
into  raftsi  in  the  vicinity  of'  Lumberport. 

It  was  thought  inadvisable  to  exi)end  much  money  upon  the  upper  river,  so  long  as 
the  most  serious  obstructions  still  remaine<l  in  the  shape  of  mill-dams,  which  have  a 
legalized  existence.  Consequently  this  part  of  the  river  received  only  such  improve- 
ments as  were  absolutely  necessary  for  the  running  out  of  timber.  The  most  serious 
obstacles  to  navigation  were  found  between  Glenville  and  Grantsville,  and  the  greater 
part  of  the  summer  was  spent  in  removing  them.  This  part  of  the  river  is  narrow, 
and  was  greatly  obstructed  by  leaning  trees,  snags,  bars,  islands,  rocks,  aud  shoals. 
The  river  from  Grantsville  to  slack  water  becomes  wider  and  deeper  from  its  many 
large  tributaries.  Consequently  the  obstnictions  to  navigation  are  not  so  serious. 
The  leaning  trees  were  cleared  from  the  banks,  and  cut  up  so  as  to  be  carried  away  by 
the  next  freshet.  The  removal  of  snags  was  undertaken  during  extreme  low-water. 
The  thick  undergrowth  of  l)rusli  upon  the  bars  and  islands  was  grubbed  and  burned. 
The  hard  gravel  crest  of  the  bars  was  broken  U})  by  ])lowing,  so  as  to  better  expose 
the  loose  matter  underneath  to  the  action  of  tloods.  A  channel  wjw  in  some  instances 
out  through  the  bai-s  to  olitaih  the  fullest  erosive  action.     Tliero  are  no  serious  rock  ob- 
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structions  now  remaining  on  this  river.  The  advantages  given  to  navigation  by  their 
removal  can  only  be  realized  by  considering  the  great  labor  and  loss  they  have  hith- 
erto occasioned  to  the  timber  interests. 

Upon  some  of  the  shoals  the  improvement  consisted  in  building  wing-dams  to  con- 
centrate the  water  into  one  chute  during  minimum  -stages.  These  dams  have  in  every 
case  given  good  satisfaction  by  confining  the  water  into  one  navigable  channel  that  wi» 
formerly  spread  over  a  wide  area.  Many  of  the  shoals  have  a  gravel  bed,  which  was 
plowed  and  furrowed,  and  all  loose  rocks  were  removed  from  the  channel  and  placed  upon 
the  wing-dams.  Where  islandB  existed  it  became  necessary  to  close  one  of  the  chutes  by 
means  of  a  dam,  in  order  to  throw  the  entire  volume  of  water  into  the  main  channeL 

Since  the  completion  of  the  improvements  there  have  been  two  freshets,  which  have 
carried  out  immense  quantities  of  drift  and  left  the  river  comparatively  free  jBrom 
timber  obstructions.  Many  letters  have  been  received  firom  pilots  employed  on  the 
liver,  all  of  whom  speak  favorably  of  the  improvements  made.  The  result  of  the  ^vork 
may  be  briefly  stated  thus :  The  most  serious  obstructions  have  been  entirely  or  par- 
tiaUy  removed ;  a  greater  depth  of  water  has  been  secured  at  the  shoalest  points ;  the 
duration  of  the  raning  stages  has  been  Increased,  and  the  labor  and  cost  of  rafting 
have  been  materiaUy  lessened. 

The  water  supply  of  this  valley  being  too  irregular  for  sluice  navigation,  the  only 
possible  method  of  obtaining  a  constant  depth  sufficient  for  navigation  is  to  adopt  a 
alackwater  system. 

Subjoined  are  two  tables,  which  show  the  amount  of  work  done  on 
this  river.  The  first  gives  the  names  of  the  points  where  improvements 
have  been  made^and  shows  the  nature  of  the  work  done,  with  explana- 
tory remarks.  The  second  gives  a  statement  of  the  quantities  of  work 
done. 

TabUXo.l. 
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U7 
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1121 
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Xame  of  place. 


Description  of  work. 


BnfEalo  Shoal . 


stout's  Island 

Cooper's  Knn  Island. 


Niemer  Hocks  and 

Stout's  Mill  Bocks. 

Garret  Bocks 


Dnsk  Camp  Bar 

Stout's  Bend  Bocks. 
Burk's  Island 


A  dam  of  brush  and  stone  was  built 
across  the  rir^ht-hand  chnt«.  All 
loose  rock  whs  removed.  Channel 
was  plowed  and  scraped. 

Brush,  drift,  and  trees  were  removed. 
Bight-hand  side  and  lower  end  of 
island  plowed  and  scraped. 

Brush  was  removed.  Island  was 
plowed  and  scraped.  Left-hand 
chute  was  widenea  and  deepened. 

These  are  very  dangerous  rocks  in 
bend  of  river. 

These  rocks  have  caused  consider- 
able damage  to  boats.  They  are  in 
bend  at  head  of  Dusk  Camp  Bar. 

Brush  was  removed,  bar  was  plowed 
and  a  channel  was  cut  through  it. 
Bight-hand  chute  was  closed  by  a 
dam. 

These  rocks  were  dangerous  to  navi- 
gation. 

Brush,  trees  and  drift  were  removed. 


The  bed  of  this  sboal  is  gnveL 
Dam  is  50  by  3  by  2  feet  high. 
The  depth  of  nvater  in  channel 
has  been  increased  20  inches. 

An  immense  pile  of  drift  had  lodged 
upon  this  island. 


Floyd  Bend  Books. .  |  These  rocks  were  entirely  removed. , 

Hay's  Bar j  Brush  was  removed.    Bar  was  plow- 

1      ed,  scraped,  and  channeled. 
Glenville  Bocks 

Bed  Oak  Bar i  Brush  and  drift  were  removed.    Bar 

I      waH  plowed,  scraped,  and  chaimeled. 

Pioken's  Bar I  This  bar  was  plowed  and  scraped 

Paddy's  Bock This  ix)ck  was  partially  removed. 

Middle  Bun  Bar Brush   was   retuoved  "  and  bar  was 

I      plowed  and  fum»wed. 

Muscle  Shoals A  crib-dara  was  built  fi-om  left  bank 

to  an  iKlarid  at  foot  of  shoal.    Point 
I      of  nuks  at  head  of  shoal  was  re- 
moved.   The  chaunel  was  plowed. 


The  channel  was  300  feet  long,  15 
feet  wide,  and  13  feet  deep. 


Island  was  thickly  ooveird  with 
large  trees.  An  Immense  pile  of 
drift  had  collected  at  lower  end 
of  island. 

ITiese  rocks  were  serious  impedi- 
ments to  navigation. 

New  channel  400  by  30  by  4  feet 
deep. 

These  rooks  are  in  the  vicinity  of 
Glenville. 


A  serious  obstruction  tonavigatia 


This  was  the  worst  obstruction  in 
the  river.  An  increased  deptii 
of  2  feet  has  been  obtained  in 
chauuel  since  this  improvement. 
Dimi'usions  of  dam  are  6o0  fe«t 
long,  base  12  feet,  top  8  feet,  and 
3  feet  high. 
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m  S 


Name  of  place. 


Description  of  work. 


Bemarkfl. 


87 
86 

82i 
80 

77i 

68J 

66^ 

56 

56 


474 


42 


Martial  laland . 


Bafferty'a  laland. 


Laurel  Sboal. 
Acre  Island . . 


Steer  Creek  Shoals. 
Hofbuim's  Bar 


Leaf  Bank  Bar 

Big  Boot  Shoal 

Stocking  Ron  Bar. 


MAize  Bend 

Lower  Leading  Isl- 
ands. 


Leeson's  Bock 

County  Line  Bocks. 
Xailor  Bend  Bocks. . 


Katy  Bnn  Bocks. . . 
Beaver  Bocks 


West  Bend  Books. 
Scott  Bend  Bocks. 
West  Fork  Shoal.. 


Spring  Creek  Ishmd. 


Island   was    plowed    and    scraped. 

Brush  was  grubbed  and  burned. 

Bicht-hand  cnute  closed  by  a  dam. 
Brush  was  removed  from  th(s  island. 

Point  of  rocks  at  foot  of  island 

was  removed. 
A  dam  of  brush  and  stone  closes  the 

left-hand  chute. 
Brush,  drift,  and  trees  were  removed. 

Bight   chute   closed    by   a   dam. 

Fomt  of  rocks  at  head  of  island 

removed. 
All  loose  rock  in  shoal  was  removed. 
Bar  was  plowed  and  brush  was  re- 
moved. 
Brush  was  removed.  Bar  was  plowed 

and  channeled. 
Bed  of  this  shoal  was  nlowed  and 

loose  rock  was  removeo. 
Brush  was  removed.  Bar  was  plowed 

and  channeled. 
The  nrojecting  rocks  were  removed. 
Bnisn  was  removed;   islands  were 


plowed ;    right  -  hand 
closed  by  a  dam. 


chute  was 


These  rocks  were  removed  entirely 
and  fragments  deposited  belo  w  low- 
water  surface. 
These  rocks  were  partially  removed . .  | 
These  rocks  were  entirely  removed  i 
to  low- water  surface. 


A  dam  of  brush  and  stone  was  built 
at  head  of  shoal  and  one  at  foot. 
The  first  dam  directed  the  water 
into  the  channel,  while  the  other 
backed  it  up  on  the  shallow  places 
of  the  shoal.  Many  large  rocks  in 
the  shoal,  which  were  always  dan- 
gerous to  navigation,  were  removed. 

This  island  was  grubbed  and  drift 
was  removed. 


This  is  now  the  shallowest  shoal 

on  the  river. 
Bight-hand  side  of  this  island  waa 

thickly  covered  with  trees.    An 

immense  pile  of  drift  had  lodged 

on  this  island. 

Point  of  rocks  at  foot  of  barwaa 

removed. 
The  low-water  channel   is  very 

crooked. 
Point  of  rocks  on  rieht  at  foot  of 

shoal  was  removed. 
Point  of  rocks  was  removed. 


A  dangerous  rook  pro)ecting  into 

the  nver. 
These  rocks  were  dangerous. 
These  rocks  were  considered  very 

dangerous  to  navigation. 


These  rocks  were  the  worst  ob- 
structions on  the  river.  They 
caused  much  damage  and  loss  to 
navigation. 

Serious  obstructions  to  navigation. 

Point  of  rooks  on  the  left,  as  well 
as  all  the  rocks  on  the  banks  near 
the  shoal,  were  removed. 


Table  No.  2. 


Description  of  work. 


Quantities. 


Dams  built 

Bocks  removed  . . 
Earth  removed. . . 
Trees  removed... 
Snags  removed. . . 
Saplings  removed 

Dnft  removed 

Trees  trimmed . . . 
Acres  grubbed. . . 


2,282  cubic  yards. 
4,113.8  cubic  yards. 
1,676  cubic  yards. 
3,128  cubic  yards. 
2,927  cubic  yanls. 
3,871  cubic  yards. 
46  cords. 
735. 
ill. 


The  work  to  be  done  during  the  present  season  and  the  estimate  for 
1879-^80  are  reported  by  Major- Merrill,  who  assumed  charge  soon  after 
the  dose  of  the  fiscal  year. 
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ing  liabilities |7,300  00 

Amount  appropriated  by  act  approved  June  18,  1878 , 18,000  00 

$25,300  00 

July  1,  1878,  amount  expended  during  fiscal  year 6,369  31 

July  1,  1878,  amount  available 18,930  69 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  68, 270  00 


U4. 

work  proposed  during  the  present  season  on  the  improve- 
ments of  the  ohio  and  little  kanawha  rivers,  with  estimates 
for  the  next  fiscal  year,'  by  major  william  e.  merrill,  cobps 
of  engineers,  in  charge. 

United  States  Engineer  Office, 

CifUmnati,  Angtat  30, 1878. 
General  :  I  have  the  honor  to  submit  the  following  statement  of  the 
proposed  work  of  the  present  season  in  connection  with  the  improve- 
ment of  the  Ohio  and  the  Little  Kaanawha  rivers,  together  with  an 
estimate  of  funds  that  will  be  required  for  these  rivers  during  the  fiscal 
yearl879->80: 

OHIO  BrVEB. 
WORK  OF  THE  PRESENT  SEASON. 

The  appropriation  of  June  18, 1878,  has  been  allotted  as  follows : 

Improvement  of  Grand  Chain  (specially  allotted  by  appropriation  act)....  960,000  00 

^Movable  dam  at  Davis's  Island 125,000  00 

I  Completion  of  dike  at  The  Trap 18,000  00 

•  Repair  of  dike  opposite  foot  of  Blennerhassett  Island 1, 100  00 

Extension  of  Evansville  dike 12,500  00 

Removing  rocks  from  river  between  Pittsburgh  and  Qinciunati 9, 000  00 

Expenses  of  snag-boat,  dredges,  and  office... 82,000  00 

Contingencies 2,400  00 

Total 300,000  00 

ESTIMATE  FOR  YEAR  ENDING  JUNE  30,  1880. 

As  stated  in  my  last  annual  report,  no  allowance  was  made  in  the 
original  estimate  for  the  movable  dam  at  Davis's  Island  for  the  cost  of 
land,  as  1±iere  was  apparently  no  way  of  determining  its  value.  This 
•land  has  since  been  purchased  at  a  cost  of  $14,043.  Adding  the  legal 
exx>en8es  attending  the  purchase,  estimated  at  $550,  we  shall  haTe 
$14,593  as  the  total  cost  of  the  land. 

Tiie  cost  of  a  lock-keeper's  house  was  also  omitted  in  the  estimate. 
Such  a  house  must  be  built  ultimately  should  the  work  prove  a  saccsess. 
Temporary  buildings  for  an  ofBce  and  store-rooms  will,  however,  be  used 
until  the  lock  and  dam  shall  have  been  tested,  and  therefore  no  estimate 
is  now  submitted  for  a  i)ermanent  building. 

Estlmat'ed  cost  of  movable  dam $46^,000  00 

Cost  of  site 14,593  00 

Total 479,593  tH> 

Already  appropriated 225,000  00 

Amouut  required  for  completion 254,593  00 


i»» 
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There  are  many  places  on  the  Ohio  Eiver  where  dikes  for  controlling 
the  currents  are  greatly  needed,  especially  at  Four  Mile,  Portland  Bar, 
Puppy  Creek,  and  Caseyville.  Owing  to  the  character  of  tlie  work  and 
the  accidents  liable  to  occur  in  the  course  of  construction,  it  is  very  diffi- 
cult to  make  exact  estimates  of  cost. 

Taking  the  cost  of  the  Fi'ench  Island  dike,  however,  as  a  basis,  we 
shall  have  the  following  approximate  estimate : 

Four  Mile,  1,500  feet,  at  815 J22,500  00 

Portland,  1,200  feet,  at  $15 18,000  00 

Puppy  Creek,  2,500feet,  at  $15 37,500  00 

Casey ville,  2,500  feet,  at  $15 37,500  00 

Total 115,500  00 

Each  of  these  works  would  benefit  a  large  amount  of  commerce. 
Pour  Mile  Bar  is  ten  miles  above  Cincinnati.  Portland  Bar  is  just  below 
the  falls  at  Louisville.  Puppy  Creek  Bar  is  between  Rockport  and 
Owensborough ;  and  Caseyville  Bar  is  opposite  the  town  of  that  Aame. 

It  is  quite  probable  that  another  dike  will  be  required  at  Four  Mile, 
and  that  the  dikes  at  each  of  the  other  places  will  ultimately  require 
extension ;  but  it  is  inadvisable  to  do  more  in  one  season  than  is  indi- 
cated above. 

In  the  Ohio  River  there  are  twenty-four  WTecks  of  steamboats  and 
model  barges,  twenty  of  which  are  obstructions  to  navigation,  and 
should  be  removed.  This  can  only  be  done  by  blowing  them  up  with 
powder.  The  snag-boat  is  not  designed  for  this  class  of  work,  nor  has 
she  time  to  spare  from  her  legitimate  duty  of  remo\ang  snags  and  the 
smaller  wrecks  of  coal-barges.  It  is  tlierefore  proposed  to  do  this  work 
by  contract.  The  cx)st  is  estimated  at  $20,000,  or  an  average  of  $1,000 
per  wreck. 

The  wooden  hull  of  the  dredge-boat  Ohio,  which  has  been  in  service 
seven  years,  is  now  worn  out,  and  it  is  proposed  to  remove  her  machinery 
to  a  new  hull  built  of  iron.  The  reasons  for  preferring  an  iron  hull  are 
thus  set  forth  by  Mr.  E.  J.  Carpenter,  assistant  engineer  in  charge  of 
the  dredges  : 

The  hull  of  the  United  States  dredge  Ohio  is  worn  out  and  cannot  be  made  to  last 
longer  than  through  the  present  season.  It  will  be  necessary  to  build  a  new  hull  for 
the  (hedge,  and  in  accordance  with  your  instructions  I  have  made  the  following  state- 
ment of  the  relative  ineiits  and  cost  of  wooden  and  iron  hulls. 

The  engines,  boiler,  and  machinery  on  the  dredge  are  good,  although  they  wiU  re- 
quire some  repairs  before  being  places!  on  a  new  hull. 

It  will  be  advisable  to  ^d  to  the  machinery  a  pair  of  engines  to  nin  the  capstans, 
and  hoist  tlie  torward  spuds,  experic^^ce  on  the  Oswego  having  shown  that  they  greatly 
facilitate  the  handling  of  the  boat  and  thus  incjreaso  her  capacity  for  work. 

The  following  arc  the  dimensions  of  the  two  Ohio  Biver  dredges,  with  their  draught 
of  water  when  new  and  at  the  present  time: 


Dredge. 


Ohio    ... 
Oawogo  , 


Length. 


70  feet . 
75  feet . 


Width. 


28  feet . 
30  feet . 


Depth. 


5feet9hiche8  ., 
6  A»et  0  inch  . . . 


Diaaght 


34  inches,  1871;  47  inchen,  1878. 
31  inches,  1873 ;  37  inches,  1878. 


As  the  dredges  are  employed  almost  exclusively  during  the  low-water  season  and  in 
dredging  shallow  bars,  it  is  essential  to  successful  work  that  they  should  be  of  the 
least  possible  draught.  Experience  has  shown  that  this  should  not  exceed  30  inches, 
and  that  if  possible  to  build  a  dredge  that  would  only  draw  2  feet,  its  efficiency  would 
be  ^catly  increased. 

With  this  object  in  view,  I  propose  to  make  the  new  hull  20  feet  longer  and  «H  f*>©t 
wider,  thus  giving  an  area  of  Ixittom  of  2,8;J5  square  feet,  instead  of  the  present  bot- 
tom area  of  1,960  stjuare  feet.  I  also  propose  to  retain  the  necessary  stiffness  of  hull, 
and  to  give  more  room  to  handle  coal  oy  increasing  the  depth  of  hull  to  ^  feet. 
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If  the  new  hull  of  these  dimensions  (9Q  feet  by  31  feet  6  inches,  by  6  feet  4  iiiclie> 
be  built  of  wood,  the  dredge  in  complete  order  for  service  with  coal  aboard,  will  di-aw 
28  inches;  if  of  iron  she  will  draw  24  inches,  a  gain  of  4  inches  in  draught  in  favor  (•! 
an  iron  hull. 

To  determine  whether  it  will  be  better  to  build  the  new  hull  of  wood  or  of  iron,  the 
following  considerations  are  presented. 

It  will  be  seen  that  the  Ohio  now  draws  13  inches  more  than  when  built,  and  the 
Oswego  6  inches  more.  This  is  due  partly  to  the  fact  that  a  wooden  hull  l)e(oiiie? 
water-soaked  in  time,  and  partly  to  its  breaking  down  at  the  ends.  In  fact,  the  bulk 
of  all  wooden  boats  built  for  the  shallow  waters  of  Western  livers  show  these  iwn 
faults  after  a  couple  of  years'  service.  The  Ohio^s  hull  has  rotted  so  badly  that  the 
seams  will  no  longer  hold  oakimi,  and  cannot  therefore  be  made  water-ti^ht. 

Several  methods  of  chaining  to  keep  the  hulls  in  shape  have  been  tried,  but  vavi 
only  partial  success,  and  I  am  satisfied  that,  for  the  heavy  work  required  on  the  Oluo 
River,  it  is  impossible  to  build  a  light-draught  wooden  huU  that  can  be  kept  in  shape. 
As  soon  as  the  timbers  soften,  the  fastenings  begin  to  give  way ;  and  even  when  ntw 
they  cannot  be  made  as  solid  as  they  should  be. 

AiB  stated  above,  a  wooden  huU  well  built  would  draw  4  inches  more  than  an  mi 
one  ;  and  whereas  an  iron  hull  would  not  have  any  apparent  increase  of  draught  it 
say  10  years,  the  wooden  one  would,  if  not  worn  out,  have  a  draught  at  least  15  inib*^ 
greater  than  when  new. 

Moreover,  an  iron  hull  would  from,  the  first  be  very  much  stronger  than  a  wwKleJ 
one,  and  in  case  of  injury  it  could  readily  be  put  in  as  good  condition  as  when  new, 
which  is  impossible  with  a  wooden  hull. 

As  for  durability  under  the  usutil  conditions  of  service,  there  is  no  doubt  but  that  ai 
iron  hull  would  outlast  at  least  three  wooden  ones. 

For  these  reasons,  I  think  it  would  be  an  economy  as  well  as  a  great  gain  in  effi- 
ciency to  build  the  new  hull  of  iron  instead  of  wood,  provided  it  does  not  cost  niort 
than  three  times  as  much. 

The  following  is  an  approximate  estimate  of  cost  of  both  an  iron  and  a  wooden  hull 
for  the  Ohio : 

DREDGE  WITH  WOODEN  HULL. 

Hull  ready  for  machinery |9,fnXi*^' 

Capstan-engines,  capstans,  and  spud-hoist 2,  Oin  ""; 

Transfer  and  repair  of  machinery 2,lKHi  I'J 

Total 13.(KNJ  «• 

DREDGE  WllH  IRON  HULL. 

HuU  ready  for  machinery $22,('"*'  '► 

Capstan-engines,  capstans,  and  spud-hoist 2. 0(X"" 

Transfer  and  repair  of  machinery 2.00«^  '*' 

Total 26.  OW" 

The  life  of  a  wooden  hull  well  built  should  be  about  eight  years.  Our  past  exiH*ri<n" 
shows  that  during  this  time  such  a  hull  would  cost  for  repairs  as  much  as  the  auiom* 
originally  paid  for  it,  while  the  repairs  to  an  iron  hull  would  probably  not  exceed  ^i."* 
for  the  same  period. 

The  loss  of  working  time  caused  by  accidents  to  the  wooden  hulls  as  shown  by  eii«^ 
rience  averages  about  |600  per  annum.  What  an  iron  hull  would  lose  during  the  sau - 
time  can  only  be  estimated,  but  in  order  not  to  make  the  comparison  too  unfavonil'l' 
we  will  put  it  at  $300,  or  one-half  the  loss  caused  by  a  wooden  hull. 

Sunmimg  up  on  the  basis  of  one  iron  hull  and  three  wooden  ones  in  24  yeiirs,  ^^ 
have : 

Three  wooden  hulls,  at  f!9,000 |27.tKH"» 

Repairs  for  24  years 27,  (H«'  " 

Value  of  working  time  lost  24  years,  at  $600 14,  4<''*  ' 

Cost  for  24  years 68,4<>'"' 

Cost  per  annum 2,  !n)"" 

One  iron  hull |!22,(><"' " 

Repairs  for  24  years,  at  $250 6.<>i"'  ' 

Value  of  working  time  lost  24  years,  at  |300 7,  'i*^' 

Cost  for  24  years 35,  v**"' 

Cost  per  annum l,4tw  '' 

Under  these  circumstances,  I  would  strongly  advise  that  the  new  hull  for  tho '  ' 
be  made  of  iron.  This  will  involve  an  estimated  cost  for  hiill-capstan-engiues '  i** 
stans,  transfer  of  machinery,  ifec,  of  $26,000. 
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It  may  bo  well  to  arid  in  conclusion,  tlmt  sipcctbe  woo<lon  cranes  of  the  t\YO  dredges 
liave  been  replaced  by  iron  craues,  the  annnal  repairs  of  this  part  of  the  dredt^ea  has 
been  reduced  three-fourths  and  no  working  time  has  been  lost  through  accidents  to 
cranes. 

I  have  the  honor,  therefore,  to  submit  the  following  estimate: 

ESTIMATE  FOR  FISCAL  YEAR  ISTd-'SO. 

To  complete  movable  dam  at  Davis^s  Island $254, 593  00 

Dikes  at  Four  Mile,  Portland,  Pappy  Creek,  and  Casey ville 115,500  00 

Kemoval  of  steamboat  wrecks 20,000  00 

New  huU  for  dredge  Ohio 26,000  00 

Running  expenses  of  snag-boat  and  dredges  8  months,  at  ^,000 48, 000  00 

Office  expenses  and  contingences 35,907  00 

Total 500,000  00 

UTTLE  KANAWHA   BIVEB. — ^WOBK  OF  THE  PRESENT  SEASON. 

The  sum  available  at  the  opening  of  the  season  was  $18,930.69,  of 
which  $18,000  was  appropriated  by  the  act  of  June  18, 1878,  the  balance 
being  left  over  from  the  appropriation  of  1876.  Of  this  sum,  $3,000  has 
been  allotted  to  continuing  the  work  of  remo\ing  snags  and  rocks  begun 
last  season^  and  the  remainder  to  commenctag  a  lock  near  Burning 
Springs,  W.  Va. 

ESTIMATE  FOE  FISCAL  YEAE  1879^'80. 

The  proper  work  for  the  ensuing  fiscal  year  will  be  the  completion  of 
the  lock  and  dam  near  Burning  Springs.  The  location  of  this  work  has 
been  definitely  fixed,  and  its  estimated  cost  is  as  follows: 

Masonry  lock |65,000  00 

Timber  dam 13,000  00 

Engineering  and  contingencies 5,000  00 

Lockkeepers  house ' 1,200  00 

Total 84,200  00 

Available 15,930  00 

To  be  appropriated 68,270  00 

The  difference  between  the  above  estimate  for  the  lock,  and  the  gen- 
eral estimate  on  a  lock  for  the  Little  Kanawha  contained  in  my  report 
of  January  9, 1875,  arises  in  part  fix)m  the  fact  that  I  have  increased  the 
len^h  of  the  lock  from  143  to  150  feet  and  the  width  from  23  to  28  feet. 
This  will  better  accommodate  navigation,  the  first-named  dimensions 
being  those  of  the  locks  now  in  existence  which  are  somewhat  too  small. 
The  chief  diffei^eiice,  however,  is  due  to  the  fact  that  no  available  site 
could  be  found  with  bed-rock  extending  entirely  across  the  river.  At 
the  site  chosen  we  have  rock  bottom  for  three-fourths  the  distance  across. 
The  lock  has  been  placed  on  the  side  wliere  there  is  no  rock  so  as  to 
secure  the  best  foundation  for  the  dam.  This  necessitates  increased 
exi>ense  for  foundations  for  the  lock,  but  it  is  easier  to  hold  the  lock 
upon  bad  ground  than  the  dam,  and  this  arrangement  is  therefore  the 
best  that  can  be  made. 

KespectfuUy  submitted. 

Wm.  E.  Merrill, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 
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Us- 

protection  of  the  commerce  of  cincinnati  from  damage  by  ice- 
floods  in  the  ohio  river. 

United  States  Engineer  Office, 

Cincinnati^  OhiOj  December  28, 1877. 
General  :  I  have  the  honor  to  submit  the  following  repoii;  on  the 
best  means  of  protecting  the  commerce  of  Cincinnati  from  damage  by 
ice-floods  in  the  Ohio  River.  This  report  is  made  in  a<5cordance  with  a 
resolution  which  passed  the  House  of  Representatives  March  2, 1877, 
and  which  reads  as  follows: 

Resolved,  That  the  Secretary  of  War  be  requested,  to  report  to  Congress  on  the  l>est 
methods,  oy  harbors  of  refuge  or  otherwise,  of  protecting  the  river-commerce  of  Cin- 
cinnati h'orn  floes  of  ice  in  tlie  Ohio. 

HISTORY  OF  THE  ICE-FLOOD  OF  1876-'77. 

Before  discussing  details  of  protection  from  ice-floods,  it  seems  proper 
to  give  a  history  of  the  break-up  of  last  winter,  which  was  an  unusnally 
destructive  one,  and  was  doubtless  the  direct  cause  of  the  passage  of  the 
resolution  in  questjion,  and  also  of  two  previous  resolutions  on  the  same 
subject,  which  will  be  mentioned  further  on  in  the  report. 

The  first  obstruction  by  ice  during  the  winter  of  1876-'77  occurred  on 
the  8th  of  December,  on  which  day  the  thermometer  fell  from  34  degrees 
at  4  p.  m.  to  zero  at  midnight,  notwithstanding  which  a  few  steamboats 
left  port.  On  Saturday,  the  9th,  the  weather  coutiimed  cold,  and  the  ice 
became  so  heavy  that  the  underwriters  would  assume  no  fiirther  risks, 
and  ordered  aU  boats  into  winter-quarters.  During  the  next  week  a 
few  trips  were  made  bet^veen  Cincinnati  and  Huntington,  but^  owing  to 
ice-gorges  below  Cincimiati,  only  one  or  two  boats  left  for  the  South, 
and  none  of  them  succeeded  in  getting  through  to  Louisville.  A  second 
spell  of  very  cold  weather  began  on  the  16th  of  December,  and  entirely 
suspended  navigation  for  the  whole  length  of  the  river. 

At  the  Cincinnati  Southern  l^ailway  bridge,  which  crosses  the  Ohio 
near  the  lower  end  of  the  city,  the  Keystone  Bridge  Comi)any  had  just 
completed  the  scafiblding  for  the  main-channel  span,  and  had  notified 
the  public  that  this  space  was  closed  to  na\'igation  by  an  advertisement 
dated  December  9,  the  very  day  that  the  cold  wave  arrived.  It  was  on 
this  day,  also,  that  a  strong  upstream  wind  dislodged  some  of  the  float- 
ing booms  thrown  out  to  protect  the  trestling,  and  left  it  imsupported  to 
resist  the  whole  weight  of  moving  ice.  As  this  trestling  obstructed  a 
width  of  upward  of  500  feet  in  the  middle  of  the  river,  it  was  to  be 
expected  that  the  ice  would  first  gorge  here.  The  gorge  occurreil  at 
noon  of  the  11th,  and  at  4.45  p.  m.  had  become  so  heavy  that  the  trestle- 
work  gave  way,  and  all  of  the  bents  except  one  or  two  on  the  north 
side  were  carried  off.  No  iron-work  of  the  superstructure  had  been  put 
in  place,  and  therefore  the  loss  was  confined  to  the  timber  false- works ; 
it  was  estimated  at  $10,000,  not  including  the  damage  caused  by  the 
delay  in  the  completion  of  the  bridge.  The  formation  and  movement 
of  tills  gorge  sunk  several  coal-barges,  and  occasioned  a  loss  of  $5,(>00 
at  tlie  coal  landings  between  Central  avenue  and  the  site  of  the  bridjre. 
No  other  damage  was  repoi-ted  in  the  vicinity  of  Cincinnati  while  the 
river  was  closing  up.  Some  losses  were  sustained  at  points  above  and 
below  the  city,  but  in  all  cases  they  were  quite  small. 

The  weather  continued  cold,  and  the  river  remained  low,  so  tbat  on 
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characteristic  featm*e  of  the  winter  was  a  month  of  continued  low  tem- 
perature from  December  9  to  about  January  9.  giving  on  the  Ohio  itself 
a  bountiful  crop  of  clear  ice,  which  in  some  places  wa«  said  to  average 
14  inches  in  thickness. 

There  are  no  safe  ice-harbors  at  or  near  Cincinnati,  and  most  of  the 
steamboats  in  port  were,  as  usual,  crowded  along  the  public  landing,, 
between  the  Newport  ferry  and  the  suspension  bridge.  The  danger  to 
these  boats  fix)m  any  movement  of  ice  was  early  apparent,  for  they  were 
so  tightly  frozen  in  that  any  movement  of  the  ice-field  would  have  in- 
evitably carried  them  along  w  ith  it.  In  order  to  release  them  from  the 
main  body  of  ice,  the  underwriters,  at  an  expense  of  $25(),  cut  a  chan- 
nel, just  outside  the  boats,  from  the  foot  of  Central  avenue  up  to  the 
foot  of  Sycamore  street,  which  was  afterward  continued  by  the  Pomeroy 
Packet  Company  up  to  the  Newi)ort  FeiTy  Landing,  thus  leaving  a  nar- 
row strip  of  open  water  outside  of  all  the  boats  at  the  landing,  and  dis- 
engaging them  from  the  main  ice-field.  This  work  was  completed  by  the 
29S1  of  December,  and  the  strong  current  kept  the  channel  open  for  the 
rest  of  the  winter. 

Meanwhile,  in  the  lower  part  of  the  harbor,  the  Fifth-street  ferry-boat 
and  the  tow-boat  Kate  Waters  had  kept  open  the  line  of  the  ferry  and 
a  space  extending  upstream  several  hundred  feet. 

On  the  5th  of  January  a  narrow  channel  was  cut  by  hand  from  the 
wharf-boat  of  the  Louisville  Mail  Line  immediately  below  the  suspension 
bridge  across  to  the  coal-landing  on  the  Kentucky  shore.  During  the 
next  dav  the  field  of  ice  below  this  cut  and  above  the  foot  of  Fifth  street 
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Owing  to  stUl  water  in  the  pools  of  the  Monongahela  slackwater, 
heavier  ice  fonns  in  this  river  than  in  the  Ohio,  but  as  tliis  ice  ha«  to 
pass  over  the  dams,  it  generally  reaches  Pitt^biu'gh  so  broken  up  as  to 
be  harmless  to  navigation.  In  the  exceptional  break-up  of  last  winter 
the  high-water  not  only  carried  out  the  Monongahela  ice,  while  still  i-e- 
taining  neiirly  its  maximum  strength,  but  it  took  along  with  it  great  num- 
bers of  empty  and  loaded  coal-barges,  which  were  lying  in  the  harbors 
and  at  the  coal-tipi)les  in  the  several  pools.  This  whole  mans  went 
together  over  the  dams  and  passed  Pittsburgh  on  the  top  of  the  flood. 
It  was,  of  course,  almost  impossible  to  hold  coal-barges  or  steamboats 
against  such  a  pressure.  Eight  steamboats  were  sunk  and  several 
others  considerably  damaged  out  of  the  seventy  that  w^ere  reported  as 
wintering  in  the  \icinity  of  Pittsburgh.  The  papers  at  the  time  reported 
that  132  barges,  flats,  and  boat-houses  passed  out  of  the  Monongaliela 
between  6.15  a.  m.  and  7  p.  m.  of  January  14.  During  daylight  of  the 
same  day  150  coal-barges  were  reported  as  being  carried  along  in  the 
ice  past  Rochester,  a  town  on  the  Ohio,  26  miles  below  Pittsburgh.  The 
total  loss  from  this  ice-flood  to  the  Pittsburgh  navigation  interests  was 
estimated  at  the  time  at  $1,500,000,  which,  however,  is  undoubtedly 
considerably  in  excess  of  the  true  loss.  There  was  considerable  loss  of 
coal  and  coal-barges  between  Pittsburgh  and  Cincinnati,  but  comparar 
tively  little  below  the  latter  point. 

The  movement  of  ice  at  Cincinnati  commenced  at  9  a.  m.  of  Friday, 
January  12,  when  the  ice-field  in  front  of  the  public  landing  broke 
away  from  the  Newport  and  Cincinnati  bridge,  and  moved  down  350 
feet,  closing  up  the  opening  below  the  susx>ension  bridge,  and  sinking 
the  steamer  Calumet,  which  lay  at  the  head  of  the  line  of  boats,  ex- 
tending in  close  contact  from  Lawrence  street  to  Vine.  The  harbor-ice 
moved  as  one  piece,  and  owing  perhaps  to  the  channel  cut  outside  of 
the  boats  for  their  protection,  this  heavy  field  got  sufficient  momentom 
toward  the  Ohio  shore  to  crush  in  the  Calumet,  the  first  object  that  seri- 
ously opposed  it.  After  moving  a  few  himdred  feet  the  ice  was  checked 
by  that  below  and  the  movement  stopi)ed.  At  11  p.  m.  on  the  same 
evening  a  second  movement  of  this  ice-field  occurred,  which  sunk  the 
steamer  Andes,  lying  at  the  foot  of  Main  street.  Both  the  Calumet 
and  the  Andes  were  sunk  by  the  ice  that  formed  in  the  harbor  before  it 
had  moved  a  thousand  feet.  An  early  effort  was  made  by  the  Champion 
No.  8  to  cut  her  way  across  frt)m  Licking  to  pump  out  and  raise 
the  Calumet,  but  the  ice  was  so  heavy  that  she  was  unable  to  break 
through  it.  On  Sunday  morning,  January  14,  the  river  was  open 
directly  in  front  of  the  city,  but  gorged  above  at  the  marine  ways  and 
below  at  CuUom's.  At  11.40  a.  m.  these  gorges  broke,  and  as  the  liver 
was  rising  rapidly,  no  new  gorge  could  form,  and  no  further  damage 
occurred.  Navigation  was  resumed  on  the  18th  of  January,  after  an  ice- 
blockade  of  forty  days. 

Besides  the  steamboats  at  the  public  landing  and  immediately  below 
the  suspension  bridge,  there  were  four  at  the  mouth  of  the  Licking 
and  five  along  the  right  bank  below  the  marine  railway  and  under  the 
lee  of  the  floating  ice-breaker  thrown  out  to  protect  the  dry-docks.  All 
of  these  boats  escaped  injury.  The  total  number  of  steamboats  in  port, 
including  three  on  the  ways  at  Covington,  was  37 ;  of  these,  7  were  sunk 
or  carried  away,  3  of  them,  however,  being  small  pleasing-boats,  or 
steam-launches,  valued  at  $1,000  each. 

The  amount  of  coal  afloat  was  220  barges,  of  which  8  were  partly  un- 
loaded. There  were  also  held  in  port  407  empty  coal-barges,  which  were 
distributed  along  both  shores  from  the  mouth  of  the  Little  Miami  to 
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ice,  many  of  the  empty  barges  were  necessarily  left  in  places  where 
there  was  small  probability  that  tliey  could  escape  in  case  of  a  bad 
break-up.  The  heaviest  fleets  of  loaded  barges  were  at  Coal  Haven  (a 
point  on  the  left  bank  of  the  river  nearly  opposite  the  mouth  of  the 
Little  Miami),  at  the  Queen  City  elevator,  and  on  the  left  shore  at 
Ludlow,  l>elow  the  Southern  Railway  bridge.  The  greatest  loss  occurred 
at  Waters's  Landing,  the  lowest  landing  at  Coal  Haven.  The  number  of 
loa<le<l  coal-barges  lost  was  71 ;  the  number  of  empty  barges  cut  down 
or  carried  away  was  175. 

Tlie  loss  on  steamboats  and  wharf-boats  at  Cincinnati  amounted  to 
$73,650,  and  that  on  coal,  coal-barges,  coal-flats  and  floats  to  $202,895 ; 
making  a  total  loss  of  $276,545.  These  figures  have  been  obtained  by 
personal  investigation  int^  each  loss,  and  are  believed  to  be  substan- 
tially correct.  Besides  getting  the  actual  value  of  property  lost,  I  have 
had  both  sides  of  the  river  from  the  Little  Miami  to  Sedamsville  care- 
fully cjinvassed  to  ascertain  the  number  and  position  of  boats  at  each 
landing  when  the  ice  moved,  and  which  of  them  were  sunk  or  carried 
away.  Several  months,  however,  had  elapsed  since  the  ice-flood,  and 
there  was  much  difficulty  in  getting  the  facts  required.  Discrepancies 
between  the  statements  made  by  the  owners  of  coal  and  by  the  foremen 
in  charge  of  the  fleets  coidd  not  always  be  reconciled,  but  the  residts 
obtained  are  thouglit  to  be  quite  accurate  in  the  majority  of  cases,  and 
approximately  correct  in  the  others. 

Accompanying  this  rei>ort  is  a  map  of  the  harbor  of  Cincinnati, 
which  shows  the  position  and  kind  of  each  boat  in  the  harbor  on  the 
12th  day  of  January,  when  the  ice  commenced  moving.  To  make  the 
information  embodied  in  this  map  more  apparent  to  the  eye,  all  steam- 
boats and  barges  that  were  sunk  or  carried  away  are  colored  red; 
loa<le<l  barges  are  shaded  in  black ;  empty  ones  are  indicated  only  in 
outline. 

Some  barges  that  were  carried  av^ay  were  re<;overed  uninjured,  but  it 
was  quite  impossible  to  ascertain  whence  they  started,  and  therefore 
no  attempt  has  been  ma<le  on  the  map  to  distinguish  between  those  that 
were  totally  destroyed  and  those  that  were  cairied  away  and  afterward 
recovered.  Numbers  of  the  latter  floated  out  into  the  Mississippi  before 
they  were  captured,  and  the  expense  of  salvage  and  of  bringing  back 
such  barges  was  quite  heavy. 

The  information  contained  in  the  map  is  consolidated  in  the  following 
table,  the  total  loss  sustained  at  each  landing  being  summed  up.  Own- 
ers of  coal-barges  could  often  give  tlieir  total  loss  of  empty  barges,  but 
could  not  indicate  the  landings  at  which  they  lay ;  on  the  other  hand, 
owners  of  landings  could  tell  the  number  of  barges  carried  away,  but 
oftentimes  did  not  know  how  many  of  them  were  recovered.  The  loss  in 
emi)ty  barges,  therefore,  although  nearly  correct  in  the  aggregate,  ha« 
probably  some  errors  in  detail  which  could  not  be  avoided. 
52  E 
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Table  of  coal-harges,  caal-flatft,  and  Mmilar  craft  in  the  harbor  of  Cincinnati  during  the  ice- 
blockade  of  1876-*77,  giring  the  landings  at  which  they  lay,  and  tha  numf}er  and  value  of 
thotfe  cut  down  or  carried  aicay  at  the  breaking  tip  of  the  ice. 


Name  of  landing. 

AT  LAXDIXG. 

LOOT. 

Bank. 

Coal-bargca. 

Flats, 
&c. 

Flats, 

1 

1 

i 
J 

1 

1 

1^ 

I'll 

1 

J 

1 

I^ft 

17 
24 
13 
36 
7 
4 

3 
3 

$5,850 
7  .YTi 

Do     . 

Stewart'H  

2 

22 

7 
9 

4 

Ikt 

Browii'n  lowpr 

1 

1   470 

Do     . 

26 

4 
3 

4*.  6i»0 

Richt... 

Ki'lloji^'s 

4 
2 

7  1     2 
4    .... 

1 

t 

Do 

ITunjjbliith's           .   .. 

1     3 

7,000 

Left 

Trap])  &  Hc'eff's 

3 
12 
4 

Klffht... 
Do 

Queen  City  Elevator                

34 

1 

1 
2 

4 

3 

1 

4 

....      4 

1G,800 

f  Jardner's 

1 
1 
2 
3 



Li'ft 

Wolf  H  Rollinu-Mill 

.... 

2 

. . .  -i 

l.-'iOO 
oOO 

200 

Kiuht.... 
Do 

9 
6 

1 
1 
5 

3 

..          i 

3 



L«ft      . 

"WillianiHon's 

....1    1 
1    1 

1 
1 

D<i 

\ 

. . . . 

1 

250 

Do 

Newport  li^irracks 

1 

....) 

Do 

Lickiiijr  River                   

9 
o 

1 

AH 

l!23 

....I    2 
....      1 

li;::: 

6 
4 

1 

2,000 
3,70tl 

Do 

Shiukle's       

...i  10 

Do 

Kuntzler'a 

1 

Rit'ht... 

Foot  of  Race  street 

I 

...J.... 

L«*ft 

I ).  Rucluinan'8 

5 

3 

1 
3 
4 
2 
2 

1  '.... 

2 

2,000 

I{i"lit  . 

SteveiiH'K 

Do 

4 

2 

1 
2 

5 

3 

-■i  ' 

1,000 

Do 

I^«v  v's 

L.'rt 

Riuht.... 
Do 

(,'ovinjjton  Saw-Mill 

....L... 

2 

1 

5O0 

Ohio  River  Salt  Company's 

1 
2 

Do 

Coehnower'H,  iipi>er * 

4 
11 

3 
1« 

8 
9 



;;;;; 

L«tt 

Mo«tu<»mery  8 

Bitrlianiiu^H 

:i 

...J    3 

....|.... 

4 

; 

1.000 

L«ft    . . . 

( 'ovin«iti)n  Dm^kH 

1 



1 
2 

1  |.... 

4 
8 
9 

'.'."\"" 

i.ooo 

7,  IW 
16,  OIW 

l{i"-ht 

(iaa  Ct>mpauv'8 

•  -  -  -1 ... . 

Lrft 

Hateman'rt 

4 

.... 

4  |.... 

Do 

Kr«'iK'hnian'8         

1 
2 
6 
3 
3 
3 
2 
3 
3 
3 

1  ; 

Ki"lit 

R«»llin«'-Mill 

7 

.... 

7 

3,liO0 

Do.   .. 

M  !iellei''8 

::::i:::; 

I>o 

Phillips's     

6 
4 
4 



::::  r 



j 

Do 

Sei-ena  &.  Stone 

Do 

Hani's 

Collier,  Biuld  &  Co  .  -,. 

Cineinuati  Coal  and  Coke  Company 

Rosh's 

l-Mfth  Street 

2 
1 

1 

1.200 

Mm 
5,  OOO 

Do 

...        3 

3 
10 

1 

Do 

Do 

3 

10 
2 
2 

32 
7 
6 

i 

3 

■-|  = 

Do 

2 

32 

7 

5 

-[.... 

........ 

Left    . 

McCoy's 

i 

15,000 

lii'fht 

4 
3 

1 

---'       2 

Do 

Zimmemuiu's ..- 

5,  000 

Do 

Keek's 

!""3 

l>o 

Buckeye  

1 

2 
5 

1 

1 

. .  - 

3.  000 

Do 

M ill  Creek 

-  — j  — 

1,1.MI 

Do 

Cr  a  ff '  8 

1 

3 
1 
2 

i 

7 

-   -! 

Loft 

\Valmer'8 

3 

3S 

.... 

Do 

Keystone 

Ri^'ht-... 
Do 

Flemmin"'a                  

5 

7 

•a 

4 

5 

6 

10 

23 

3  !.; 

Twenty-first  Wanl 



6 
»)o 

27 
4 

9.000 

Left 

Walnier  &  Peckleheimer 

4 

.... 

---,-.. 

Do 

Crail  &  Wall 

30 

.... 

••o-l--; 

2.  OUO 

Jivht     . 

Boldface 

1      1 
6 

15,  (XPO 

Total 

210 



500 

12    401  1  10    125  1  6r» 

10    il"7"» 

: 

1 

1     " 

;xi 

1  202,  S95 

Digitized  by  VjOOQIC 


APPENDIX  U. 


819 


List  of  steamboats,  wharf-hoatSf  and  model  barges  in  port,  showing  their  position  and  the  loss 

from  ice. 


Name  of  boat. 


Remarks. 


"WildwotKl Cincinimtl  ilry-dockH 

Exoljimpe '  (Mneiiiiiati  marine  ways. 

Wanier  and  two  model  barji^s ,  Foot  «f  Bin!  street 

Laum  L.  Davis Litlierbury's 

Lay I do 


Hiram  Watson !  Ganlner's 

Millie  Koberts X.  and  C.  Bridge,  Newport  . 


United    States    light- 
I      bouse  t'ender. 


Xewi>ort  Belle  and  Float 

Cincinnati  Belle  and  Float 

Calumet 

VintShinkle 

Golden  City 

Telt'jfi'J»pii 

Bostona 

Btmanza 

Bi^  Sandy,  wharf-ljoat 

New  Orleans,  wharf-boat 

Andy  Baum 

Andes 

Mar>' Miller 

Emma  (rraham  

Shinkle's  wliarf-boat 

Champion  No.  7 

Champi(m  No.  8 

("hampion  No.  9 

IJen  Fnmklin 

Seven  mod«*l  barpes 

I.<misville  Mail-Line  wharf-boat  . 


Newport    and    Cincinnati' 
Ferry  Landiugs. 


Between  Lawrence  street 
and  the  suspension  bridge. 


Month  of  Licking 

, do 

do 

do 

Fp  the  Licking 


'  $30,666  66  I 


Small    boat, 
dama<;efi. 
FeiTV-boat. 
l>o. 


Bllghtly 


:i 


2, 000  00  :  Damaged. 
'20,m  w\  Sunk. 


TnitMl  States . 
General  Buell. 


Robert  Peebles i 

Central  avenue  ferry-boat  and  two 
Hnats.  I 

Hnll  of  Nick  Lougworth 

Kate  Watein | 

Mark  Twain : 

Business 

Mo«kinsr  Bird 

Fanny  Webster  and  three  floats 


Below    suspension    bridge, 

Ciufinnati. 

do 

Bt'low    susiM*nsion   bridge, 

CovHiirtim. 

FiMit  of  Race  street 

Foot  of  Central  avenue 


Sampson's  I^ndinc: 

On  C  ovingtou  docks 

do 

do 

Collier,  Budd  &,  Co.'s 

Ludlow  F«Try  Landing  . 


50  00  ;  One  slightly  damaged. 


350  00  I  Slightly  damaged. 
Ferryboat. 


50  00  i  A  dismantled  hull. 


Minnie  Keenan j  McCoy's  Landing . 

Naomi Ludlow 

Water  Lil v I do 

Water  Witch ,  Mill  Creek 

One  model  Imrge ,  Fleumiiiisr's 

Liberty,  and  four  model  barges i  Sedamsvillo 


2,000  00 
5,000  00 


700  00  ' 
500  00 
500  00  I 

12,666  66  ' 


Propeller,  .sunk. 
]l*mt  and  two  floats  de- 
stroyed. 
Canned  away  and  re- 

coven^l. 
Destniyed. 
Do. 
Do. 

Loss  of  two  mo<lel 
barges,  loaded  with 
salt  and  fire-brick. 


SUMMARY. 


Class. 


Fr«'ight  and  passenger  steamboats |      15 

Tow-lM>atM 

Ferrv-lMMits 

Snuill  tugs  and  ideasnre-boats 

M«m1c1  bnrjies 

Dismantled  hull  

AV'harf-lMMits  and  ferry-floats |      12 

TJnitetl  States  light-house  tender I        1 

Total I 


.§ 


15 

2' 

$50,000 

H 

1 

3.10 

4 

1 

3,500 

8 

5 

3,  700 

14 

3  1 

12.  .ViO 

3,  .5.50 


73,  650 
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HABBOB-BOOM  BEQUIBED. 

As  it  is  manifestly  impossible  to  determine  what  will  be  the  fiiture 
amount  of  tlie  commerce  of  Cincinnati,  it  will  be  assumed  that  harbor- 
room  sufiicient  to  provide  for  the  craft  that  were  actually  in  jwii;  on  the 
12th  day  of  January,  1877,  Mill  answer  the  purpose  of  this  rei)ort. 

A  coal-barge  may  be  taken  as  measuring  130  by  24  feet,  or  3,120 
square  feet.  The  net  are^  of  the  harbor-room  required  for  623  coal- 
barges  will  therefore  be  1,943,700  square  feet,  or  44.6  acres.  If  to  this 
we  add  10  per  cent,  as  the  least  possible  allowance  for  waste  room  and 
passage-ways,  we  shall  have  49  acres  as  the  harbor-room  i-equired  to 
contain  all  the  coal-barges  that  were  in  Cincinnati  last  winter. 

The  net  area  required  to  contain  135  flats,  floats^  and  miscellaneous 
craft  will  be  270,000  square  feet,  or  6.0  acres ;  which  increased  by  10 
per  cent,  becomes  6.8  acres.  This  added  to  the  49  acres  pre\^ously 
found  gives  55.8  acres  as  the  area  requked  to  contain  the  water-crait 
included  in  our  first  table. 

In  getting  the  area  required  for  steamboats  we  may  omit  all  fem - 
boats,  wharf-boats,  dismantled  hulls,  and  diminutive  steamboats  of  all 
kinds,  thus  reducing  the  number  to  be  proAide<l  for  to  24  steainboiits 
(including  tow-boats)  and  14  model  barges.  Each  steamboat  may  l>e 
assumed  to  require  an  area  of  12,000  square  feet,  and  each  model  barge 
an  area  of  4,500  square  feet.  For  24  steamboats  there  would  therefore 
be  reqidred  a  net  area  of  288,000  square  feet,  or  6.6  acres;  and  for  14 
model  barges  a  net  area  of  6,300  square  feet,  or  1.5  acres;  adding  10 
per  cent.,  as  l)efore,  we  find  that  the  steamboats  will  require  7.3  acres, 
and  the  model  barges  1.7  acres. 

Collecting  the  areas  found  above,  we  have: 

Acres. 

Area  necessary  for  623  coal-barges ...^. .,,.   49.0 

Area  necessary  for  135  flats,  floats,  &c 6.8 

Area  necessary  for  24  steamboats 7,3 

Area  necessary  for  14  model  barges I.7 

Total gTs 

It  is  thus  shown  that  a  water-surface  of  64.8  acres,  or  in  round  num- 
bers 65  acres,  would  be  required  to  accommodate  the  winter  commerce 
of  Cincinnati. 

AVAILABLE  HARBOBS. 

The  only  harbors,  properly  so  called,  that  can  be  made  on  a  river  like 
tho  Ohio  are  such  as  can  be  excavated  out  of  its  banks.  The  lar^ 
tributaries  are  generally  as  dangerous  as  the  main  river,  and  the  only 
resource  is  to  dig  into  the  shores,  wherever  there  are  low  areas  that  ^iil 
reduce  the  cost  of  excavation.  The  valleys  of  the  creeks  and  small 
streams  are  naturally  the  only  places  where  such  areas  can  be  foiuuL 

It  is  essential  to  the  usefulness  of  a  harbor  that  boats  should  always 
be  able  to  get  into  it  during  the  proper  season. 

The  harbors  herein  discussed  are  solely  designed  for  protection  from 
ice-floods,  as  floods  unaccompanied  by  ice  are  not  dangerous. 

The  ordinary  demands  of  commerce  require  that  steamboats  and 
barges  be  at  their  usual  landings  as  long  as  possible.  Steamboats  can 
transact  their  regular  business  until  the  very  day  the  river  cloaes,  as 
they  have  the  ability  to  propel  themselves  to  any  desired  point  at  a  few 
hours'  notice,  and  even  to  force  themselves  through  thin  ice.  A  con- 
siderable amount  of  time  would,  however,  be  required  to  lay  up  barges 
for  the  winter. 
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It  is  thought  that  at  least  one  month  would  be  necessary  for  the 
transfer  to  the  harbors  of  refuge  of  all  the  barges  that  are  intended  to 
be  sheltered  there,  if  the  movement  is  to  take  place  without  confusion 
or  vexatious  delays. 

The  month  in  question  would  evidently  be  the  month  Immediately 
preceding  the  closing  of  navigation.  To  ascertain  at  what  date  this 
may  be  expected  the  file's  of  the  Cincinnati  Commercial  have  been  care- 
fiilly  examined,  and  the  following  table  giving  the  dates  and  duration 
of  the  stoi)page  of  navigation  at  Cincinnati  during  the  last  twenty  years, 
has  been  compiled  therefrom: 


1857-' 
1858-' 
18o9-' 
I860-' 
1«61-' 
1862-' 
1863-' 

1864-' 
1865-' 
l«fi6-' 
1867-' 

1868-' 
186&-' 
1870-' 
1871-' 


1872-' 

1873-' 
1874-' 
187.V 
187tt-' 


Wmter. 


ii 


9^  . 


Jan. 


Jan.  4 

Feb.  19 

Jan.  30 

Feb.  15 

Dec.  30 

Jau.  19 

Jan.  31 


Dec.  24 
Dec.  19 
Dec.  28 
Jan.  9 
Jan.  27 
Dec.   13 


h 


Jan.    17 


Jan.    12 
iiec.'  9 


Dec.  21 

Dec.  29 

Jan.  10 

Jan.  30 

Dec.  23 


Jan.   21 


I)e«.   19 


Hi 

2" 


Jan.    10 


Jan.  25 

Feb.  23 

Feb.  6 

Feb.  20 

Feb.  5 

Jan.  23 

Feb.  15 


Jan.  14 

Dec.  24 

De<;.  31 

Jan.  12 

Feb.  20 

Jan.  4 


Jan.   30 


Jan.    18 


Remarks. 


No  sorions  intcmiption. 

No  aeriouM  interruption ;  river  high. 

Xo  fierioua  intermptiou. 

Do. 
No  aerioofl  interruption ;  river  high. 


Occanional  trips  could  be  made. 

Do. 
No  seriouH  interruption. 
No  HeriouM  interruption;  river  high. 


Heavy  ic«  mnnin^;  until  February  6. 
No  serious  interruption. 

No  serious  interruption;  river  high. 
Ice  began  moving  out  January  13. 


It  will  be  seen  from  the  above  that  during  nine  years  out  of  the 
twenty  examined,  or  during  45  per  cent,  of  the  T\inters,  there  was  no 
stoi)page  of  navigation  by  reason  of  ice.  The  earliest  stoppage  during 
the  period  in  (piestion  was  that  of  last  winter  (1870-'77),  which  began 
on  the  Dth  of  December.  The  next  earliest  was  in  the  winter  of  1872-'73, 
which  began  on  the  13th  of  December.  If,  therefore,  we  make  our  har- 
bors accessible  on  and  after  November  10,  there  will  always  be  at  least 
one  month  for  barges  to  enter  them. 

Coal-barges  usually  draw  (JJ  feet,  and  ought  to  lie  in  at  least  7  feet 
depth  of  wat<3r  to  prevent  grounding.  It  is  therefore  evident  that  the 
conditions  of  the  problem  require  tliat  the  i)r()i>osed  harbors  of  refiige 
shall  have  at  lea«t  7  feet  of  water  from  the  10th  of  November  to  the  end 
of  freezing  weather. 

An  inspection  of  the  gauge-records  kept  at  this  city  since  June,  1858, 
shows  tbat  the  river  is  always  higher  in  the  latter  part  of  the  winter 
than  in  November  and  Dec^ember. 

The  following  table  shows  the  dates,  since  1858,  at  which  the  river 
has  stood  at  less  than  7  feet  on  the  Cincinnati  gauge  between  the  10th 
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of  Kovember  and  the  Slst  of  December,  together  with  the  corresponding 
gange-readhiga : 


1858. 
Nov  23          ... 

6  9  , 
6  6  , 
6  4  ' 
6  2 

6  0 
0  10 

7  7 

4  9 

4  9  ' 

5  0 
10  0 

7  4 

6  0 

8  2 

1863. 
Nov.  21 

6  10  ; 

1 

6  11  1 
6  10 
6  8  , 
6  4 
6  1 
5  8 
5  5  1 
5  2  ' 
4  11 
4  10 
4  8  ) 
4  7  . 
4  5 
4  3 
4  3 
4  2  j 
4  3  1 
4  5 
4  5  1 
*  2  , 
4  0 
4  1  1 
4  3 

4  5 

5  6  1 

6  3 

6  7  , 

7  2  1 

6  4 
6  2 
5  11 
5  8  , 
5  7  1 
5  5 

5  5  1 

6  0  ! 

6  5 
6  7 

6  10  1 

7  3  ; 

1 
4  11 
4  7  1 
4  5 
4  3 
4  4  1 
4  8 
4  9  , 
4  8 
4  5 
4  3  1 

1871.          ' 

Nov.  20 1 

21 1 

4  o 

24    

1867. 
Nov.  14 

9  9 

26 

Dec.  10 

11 1 

12 1 

13 1 

14 1 

15 ' 

16 

6  5 
5  10 

27   

15 

5  6 

28 

16 

5  5 

29         ..  . 

17 

5  4 

18 

5  2 

1859. 

19 

5  1 

Not.  10           .... 

20 

17 1 

18 

4  11 

11  

21.:.::::.::::::::.. 

5  0 

12 

22 

19 : " 

5  0 

13   ...    .... 

23 

20 

5  •» 

14 

24 

21 

6  9 

15 

25  

22 

5  11 
5  11 

16       

26 

23 

5  1 
5  1 
4  0 
4  9 
4  7 
4  6 
4  5 
4  4 
4  3 
4  3 

4  1 

5  2 
4  4 

4  0 
3  11 
3  11 
3  11 
7  0 

12  6 

6  4 

5  10 

6  9 

7  3 
6  3 
5  9 

5  7 

6  1 

8  9 

6  8 
6  9 
6  9 

6  11 

7  0 
6  11 
6  8 
6  7 
6  7 
6  7 
6  7 

i      27 

28 

24 

7  1 

1862. 

25 

7  0 

Nov.  10     

29 

26 

6  10 

11 

30 

27 

6  9 

12           .  . 

Dec.  1 

28 

6  9 

8  8 

13 

2 

29 

14 

1      3 

1877. 
Nov.  27 

15         

1      4 

16 

5 

17 

6 

6  8 

18 

'       7 

28 

6  3 

19 

8 

29 

.>  11 
5  11 

20 

1       9 

30 :.::::: 

21 

!      10 

Dec.  1 

■>  11 

22 

1      11 

2 

6  5 

23   .     

12 

3 

6  7 

24  

1869. 
Nov.  10 

4 

6  7 

2.'» 

5 

6  4 

26  

6 

6  0 

27 

'      11 

7 

28 

i      12 

8 

6  9 

Dec.  14  

1      13 

9 

8  4 

15 

I     14 

1874, 
Nov.  10 

16 

15 

17 

1      16 

18  

1      17 

3  0 

19 

1      18 

11 

3  0 

20 

'      19 

12 t 

2  11 
2  10 

2  11 

3  0 
•>  11 

21 

i      20 

13 

22         .  . 

1      21 

14 1 

22 

15 1 

1863. 

1         1871. 

1  Nov.  10 

16 

Nov  10   

17 1 

3  0 
3  1 

11 

18 

12 

,      11 

19 :::: ' 

3  3 

13   .. 

'      12 

20 ' 

3  7 

14 

1      13 

21 1 

3  5 

15 

1      14 

22 ::: i 

3  4 

16   

15 

23 

4  S 

17 

1      16 

24 

4  10 

18 

'      17 

25 

4  11 

19 

1      18 

26 

4  10 

20 

1      19 

27 i 

8  7 

1 

Tlie  above  table  shows  that  the  lowest  water  during  the  i>eri(Kl  under 
examination  was  in  N(>vend>er,  1874,  and  that  the  lowest  reading  was 
2  feet  10  inehejs  on  the  gauge.  The  next  lowest  water  during  the  same 
perioil  occnnxMl  in  November,  18<i2,  and  read  3  feet  11  inehes  on  tlie 
gauge.  There  was  no  serious  inteiTuj)tion  from  ie^  during  the  winter  of 
l862-'()3,  and  in  the  winter  of  1874-75  the  river  did  not  idose  until  Jan- 
uary 12;  but  these  conditions  could  not  have  been  foreseen,  and  we  may 
thei-efoi-e  still  assume  that  had  ice  harbors  been  available,  coal-barges 
would  liave  been  in  them  at  the  times  of  these  lowest  stages.  To  have 
kept  these  barges  from  grounding  in  the  worst  of  the  two  se^usons,  the 
bottom  of  the  harbors  should  be  7  feet  below  the  lowest  gauge-reading 
given  above — or,  in  other  w^ortls,  they  should  be  4  feet  2  incjhes  Ih*1ow 
the  zero  of  the  gauge.    It  will  suffice,  however,  to  put  them  at  an  even 
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4  feet  below  this  level,  and  this  depth  has,  therefore,  been  taken  for  the 
excavation  of  the  proposed  harbors  of  i^efuge. 

In  order  to  avoid  as  much  a«  possible  the  (H>nstniction  of  masonry,  it 
is  assumed  in  the  estimates  that  the  sides  of  the  basins  will  be  paved 
slopes  instea/d  of  retaining  walls.  For  the  same  reason,  the  entrances 
have  been  considered  as  ha\ing  i)aved  slopes,  although  masomy  walls 
wouhl  undoubtedly  be  much  better  for  this  purpose. 

Several  localities  for  harbors,  otherwise  desirable,  are  unavailable 
because  they  are  on  the  convex  bank  of  the  river — in  otlier  words,  because 
they  are  on  the  side  where  the  tendency  of  the  currents  is  to  cause 
dei)Osits  and  make  sandbars.  Occasional  dredging  will  probably  be 
necessary  in  order  to  keep  open  the  mouth  of  any  recessed  harbor,  even 
though  made  on  a  favorable  shore,  unless  a  scour  can  be  establislied 
through  it  by  means  of  a  large  and  continuous  supply  of  water  entering 
tlie  basm  from  the  land  behind.  It  would  be  liopeless  to  attemi)t  to 
keep  open  the  mouth  of  a  harbor  wliich  is  both  on  the  convex  bank  and 
is  without  an  independent  supply  of  water.  A  harbor  that  would  i>rob- 
ably  give  continuous  occupation  to  one  or  more  dredges  had  better  not 
be  attempted. 

MOUTH  OF  THE  LITTLE  MIAMI. 

A  harbor  with  an  area  of  31  acres  has  been  surveyed  on  the  right 
bank  of  the  Ohio  and  the  right  bank  of  the  Little  Miami,  at  the  mouth 
of  the  latter.  Such  a  harbor  is  indicated  on  sheet  A,  the  general  map 
of  the  harbor  of  Cincinnati,  and  is  also  shown  in  detail  on  sheet  No.  2. 
A  much  larger  area  than  31  aeres  can  be  obtained  here  if  desired,  but 
tlie  survey  only  inchided  this  amount,  and  as  there  are  some  strong  ob- 
jei'tious  to  a  harbor  at  tliis  locality,  it  has  been  thought  best  to  ])rt»pare 
the  estimate  on  the  area  a<5tually  surveyed.  The  whole  estimated  space 
of  Vh)  acres  can  be  obtained  here  without  difficulty. 

The  design  is  to  excavate  in  the  lower  angle  between  the  Miami  and 
the  Ohio,  using  the  excavating  material  to  protect  the  excavation  from 
floods  in  either  river.  In  order  to  obtain  the  necessary  water-sui)ply, 
with  sufficient  current  to  keep  open  the  outlet  of  this  harbor,  it  would 
probably  be  ne<?essary  to  build  a  dam  across  the  Miami  and  pi-ovide  it 
with  sluices  leading  into  the  basin.  The  outlet  would  lead  dii-ectly  into 
the  Oliio,  as  is  shoAvn  in  maj)  Xo.  2. 

In  this  ])art  of  the  Ohio  the  strongest  ciurent  is  along  the  left  shore, 
the  current  along  the  right  shore  being  comparatively  slack.  The  Little 
Miami  has  across  its  mouth  a  bar  of  sand  and  gravel  that  is  almost  dry 
in  low-water.  It  may  therefore  be  considered  as  ceitiiin  that  an  en- 
traiuje  into  the  harbor  through  the  mouth  of  this  river  would  re<piire 
a  large  amount  of  dredging  each  year  to  keep  it  open  at  all  stages  of 
wat(*r. 

The  amount  of  excavation  to  make  a  basin  of  the  area  of  31  sicres  wcmld 
be  2,318,800  cubic  yards,  which,  at  30  cents  per  cubic  yard,  would  amount 
to  809r),()40. 

The  average  depth  of  the  excavation  would  be  41.1  feet.  The  surface 
to  be  paved  would  be  53,745  square  yards,  which,  at  $1  per  square  yard, 
would  amount  to  $53,745. 

Tlie  cost  of  building  a  dam  across  the  Little  Miami  and  constructing 
l)roper  sluices  into  the  basin  would  amount  to  about  860,(K)0. 

It  must  be  borne  in  mind  that  in  order  to  i)rocure  31  acres  of  harbor- 
I'oom  at  low- water  it  will  be  necessary  to  purchase  encmgh  additional 
land  to  provide  for  the  sloping  sides  of  the  basin.  In  the  case  in  hand 
this  additional  land  amounts  to  15  acres,  thus  compelling  the  purchase 
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The  total  coat  ot  a  iiarDor  ot  retiige  at  tliis  point,  liavmg  an  area  ot  61 
a^res,  would  therefore  be  $813,983,  which  is  at  the  rate  of  $26,258  per 
acre  of  harbor-room. 

CRAWFISH  CEEEK. 

The  next  point  examined  is  at  the  mouth  of  Crawfish  Creek,  between 
the  raikoad  and  the  river.  The  area  sun'eyed  is  8ho^\Ti  on  the  general 
niaj),  and  the  details  of  the  ground  on  sheet  No.  1. 

This  harbor  is  favorably  situated  for  access  at  all  stages,  a«  its  ontlet 
is  through  a  concave  bank,  ])a4^sing  diret^tlj'  into  the  deep  wat4?r  that  Is 
always  found  near  such  banks.  There  \s  no  tendency  to  deposit  alonjf 
the  sliore  near  the  mouth  of  Crawfish  Creek,  and  the  only  dredging  that 
would  probably  be  required  at  tliis  harbor  would  he  the  removal  of  the 
small  deposits  that  would  work  into  the  entrance  from  the  slight  eddy 
that  would  naturally  fonn  there. 

In  calculating  the  amount  of  excavation  at  this  locality,  and  the  avail- 
able area  for  shipping,  it  was  thought  best  not  to  pass  beyond  the  bounds 
of  the  luitui'al  dejiression,  as  any  digging  into  land  whose  surface  is  on  a 
level  witli  the  river-bank  woukl  be  exceedingly  expensive  without  ade- 
quate result.  With  due  allowance  for  side  slopes,  this  natural  basin 
gives  an  available  harbor-area  of  13  acres.  The  nature  of  the  material  to 
be  excavated  was  detennined  by  boring  through  it  to  a  depth  of  4  Iwt 
below  low- water.  As  shown  on  the  maj),  the  hole  was  sunk  in  the  IxmI 
of  the  creek  nearest  to  the  base  of  the  hills,  where  it  was  thought  most 
likely  that  rock  would  be  found.  No  rock  was  found,  however,  and  the 
material  for  the  whole  dei)th  i)roved  to  be  fine  gravel  and  sand.  The 
same  kind. of  material  probably  prevails  throughout  the  whole  area  of 
the  basin. 

The  amount  of  excavation  required  for  the  harbor  projwsed  would  be 
922,000  cubic  yards,  which,  at  30  (»ent«  per  cubic  yard,  would  cost  $276,600. 
The  average  depth  of  excavation  would  be  40.9  feet.  The  amount  of  leav- 
ing would  be  32,700  square  yards,  which,  at  $1  per  square  yard,  would 
cost  $32,700.  The  land  required  would  cost,  as  far  a«  I  can  learn,  about 
$700  per  a<Te ;  19  aci'es  will  be  required,  and  the  cost  of  the  tract  would 
therefore  be  $13,300. 

The  total  cost  of  a  harbor  at  this  locality  would  therefore  be  $322,600, 
or  an  average  of  $24,815  per  acre  of  harbor-room. 

Should  this  part  of  the  city  become  thickly  populated  it  might  then 
be  ne<^essary  to  cross  the  outlet  of  the  harbor  by  a  drawbridge,  but  as 
this  is  not  a  present  necessity  no  allowance  has  been  made  for  it  in  the 
estimates. 

MILL  OR  TAYLOR'S  BOTTOM. 

Tlie  next  point  to  be  considered  as  we  descend  the  river  is  Mill  or 
Taylor's  Bottom,  which  lies  along  Taylor's  Creek,  between  the  towns  of 
!Newpoit  and  Bellevue  in  Kentucky. 

A  report  on  the  i)roi>08ition  to  make  a  harlwr  at  this  locality  was  made 
by  me  on  the  5th  of  Febniary,  in  response  to  a  resolution  of  the  House 
of  Kepresentatives,  dated  January  30, 1877.  Tliis  report  is  printed  as 
Ex.  Doc.  No.  39,  Senate,  Forty-fourth  Congress,  second  session. 

Tlie  chief  obstac^le  to  utilizing  Taylor's  Oeek  Bottom  lor  a  harlwr  of 
refuge  is  the  sand  bfir  that  lies  acn)ss  it«  mouth,  and  which  in  low-water 
is  dry  to  within  one  square  of  the  Newport  and  Cincmnati  bridge.  This 
is  the  natural  sand  bar  of  a  convex  shoi-e,  and  there  is  no  way  of  keep- 
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ot  the  creek.  As  the  latter  is  usually  very  nearly  dry  m  summer  and 
fall,  it  was  manifest  that  the  natural  conditions  at  this  locality  were  an 
insuperable  barrier  to  the  creation  of  a  practicable  harbor,  and  there- 
fore no  detailed  sui'xey  was  made. 

MOUTH  OF  THE  LICKING. 

The  Licking  Eiver  itself  is  much  used  as  a  harbor  of  refuge,  but  it  is 
considered  a  hazardous  one,  as  this  stream  is  subject  to  rapid  rises  that 
make  it  unsafe  even  in  summer.  In  obedience  to  the  act  of  Congress, 
ai>prove(l  March  3,  1871, 1  mside  a  survey  of  the  mouth  of  the  Licking 
as  a  harbor  of  refiige,  and  my  i*eport  was  printed  in  Ex.  Doc.  Xo.  252, 
House  of  Ilepresentatives,  Forty -second  Congi-ess,  second  session.  It 
was  also  reprinted  in  the  Annual  Report  of  the  Cliief  of  Engineers  for 
1872,  pp.  420-425,  and  I  would  refer  to  these  documents  for  fuither 
information,  merely  stating  that  the  largest  lateral  harbor  that  coidd 
well  be  mtwle  near  the  mouth  of  the  Licking  was  estimated  to  give  an 
available  area  of  9.8  acres,  and  that  its  least  cost  was  estimated  at  $741  ,()(K), 
of  which  $167,000  was  the  cost  of  excavating  a  channel  through  the 
wide  rock  bar  that  now  obstructs  the  mouth  of  this  river. 

WILLOW  nvy. 

The  next  point  that  requires  investigation  is  the  basin  of  Willow  Eun, 
a  small  stream  on  the  Kentucky  side  that  enters  the  Ohio  at  the  lower 
or  western  edge  of  the  city  of  Oovingi:on.  This  location  has  the  advan- 
tage of  deep  water  at  the  mouth  of  the  creek,  and  of  being  nearly  oppo- 
site the  center  of  Cinciimati.  The  detailed  sun  ey  of  this  tract  is  shown 
on  sheet  No.  3. 

The  area  of  the  basin  laid  out  in  this  bottom  is  19.3  acres.  The  width 
of  the  entrance  is  taken  at  100  feet,  except  at  the  crossing  of  Third 
street.  Here  a  draw-bridge  would  evidently  be  required,  and  in  order 
to  avoid  having  so  great  a  weight  as  to  require  the  use  of  steam  for  turn- 
ing it,  the  width  of  clear  oi)ening  has  been  placed  at  00  feet. 

The  average  depth  of  excavation  is  40.4  feet,  and  the  total  amount  to 
be  excavated  is  1,553,000  cubic  yards.  This,  at  30  cents  per  cubic  yard, 
woukl  cost  $405,900.  The  total  siuiac^  to  be  paved  is  50,700  square 
yards,  which,  at  $1  per  scpiare  yard,  amounts  to  $50,700.  The  cost  of 
tlie  draw-bridge  at  Third  street,  with  its  abutments  and  i)ivot-piers. 
Mould  be  about  $45,000.  The  cost  of  the  ground  is  an  uncertain  item, 
as  none  of  it  is  utilized  at  present,  and  its  future  value  depends  entirely 
upon  the  growth  of  the  city  of  Covington.  But  some  price  would  have 
to  be  paid  for  land  if  a  harbor  of  refuge  were  made  in  this  locality,  and 
therefore  I  have  placi^d  it  at  $2,000  j)er  acre,  which  is  about  the  average 
I)rice  i)ut  upon  it  by  real-estate  dealers  in  Covington.  As  27  acres  would 
be  recjuirecl  in  order  to  secure  19.3  acres  of  haibor-room  at  low  water, 
the  total  cost  of  the  land  would  be  $54,000. 

Adding  these  items  we  find  that  the  cost  of  this  harlwr  would  be 
$015,000  for  19.3  acres,  or  at  the  rate  of  $31,900  per  acre  of  harbor-room. 

The  estimate  is  baseil  on  the  supposition  that  no  roiik  will  be  fouiul 
in  excavating  to  the  required  depth.  Two  test-borings  (positions  indi- 
cated on  the  map)  were  made  to  a  depth  of  4  feet  below  low-wat<ir  level 
withcmt  encountering  any  other  material  than  alluvial  dei)0sit8  of  gravel, 
sand,  and  clay. 
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MILL  CREEK. 

Tlie  next  available  point  is  the  valley  of  Mill  Creek,  an  Ohio  stream 
that  enters  the  river  in  the  lower  part  of  Cincinnati.  Both  banks  of 
this  stream,  within  5  miles  of  its  mouth,  are  within  the  corporate  limits 
of  Cincinnati. 

A  resolution  of  the  House  of  Representatives,  datexl  January  17, 1877, 
called  for  a  si>ecial  report  on  the  expediency  and  utility  of  constniet- 
iiig  a  harbor  of  refuse  at  this  point.  By  direction  of  the  C'hit^f  of 
En^neers,  I  made  such  a  report,  and  it  was  print^Ml  as  Ex.  Doc.  ^o. 
34,  House  of  liepresentatives,  Forty  fourth  ('on^^ress,  second  session.  I 
would  respectfully  refer  to  that  document  for  my  reasons  for  considering^: 
a  harbor  of  refuge  in  Mill  ('reek  bottom  as  impracticable.  As  a  careful 
examination  of  tliis  i>roject,  made  subsequent  to  the  reiK>rt  in  question, 
failed  to  develo]>  any  new  points  in  its  favor,  no  special  surveys  have 
been  made  in  this  bottom.  The  location  is  indicated  on  the  geiierul 
map. 

PLEASANT  RUN,   BROMLEY. 

This  was  the  lowest  locality  examined.  Pleasant  Run  is  a  small 
stream  that  enters  the  Ohio  from  the  Kentucky  shore  at  a  ix>int  one 
and  a  half  miles  below  the  Cincinnati  Southern  iiailway  bridge.  The 
point  on  the  Kentucky  shore  immediately  oi)po8ite  the  lower  boundary- 
line  of  Cincinnati  is  1,500  feet  below  the  mouth  of  IMeasant  Run. 

The  available  low- water  area  for  a  harbor  in  the  valley  of  this  stream 
is  30.3  acres.  The  low  area  is  some  distance  back  ftt)m  the  river,  and 
is  reached  by  an  entrance  00  feet  in  width.  The  average  depth  of  exca- 
vation is  40.8  feet,  and  the  total  amount  is  2,031,000  cubic  yards,  whi<*h, 
at  an  average  price  of  30  cents  per  cubic  yard,  would  cost  $i[K)S>,^i(>0. 
The  surfac<i  to  be  paved  is  45,000  squaie  yards,  which,  at  $1  i)er  square 
yard,  will  cost  $45,0(K).  As  the  mouth  of  the  run  is  now  crosse<l  by  a 
fixed  bridge,  this  would  have  to  be  replaced  by  a  draw-bridge.  With  the 
usual  oi)enings  of  00  feet,  such  a  bridge  would  cost,  including  masonry' 
and  piers,  about  $45,000. 

Two  test-borings  were  made  to  determine  the  nature  of  the  excavation 
required.  Their  position  and  the  particular  nature  of  the  materials  foiuid 
are  shown  on  the  special  max)  of  the  sit<»,  which  is  marked  sheet  No.  4. 
Both  holes  were  sunk  to  4  feet  below  ordinary'  low  water,  and  they  show 
that,  to  the  depth  requirc^d,  this  basin,  like  the  others,  contains  mainly 
an  alluvial  deposit  of  sand,  clay,  and  fine  gravel.  The  soft  clay-stone 
exposed  in  the  bed  of  the  aveek  on  the  south  side  of  the  basin  limits  the 
harbor  on  that  side.  It  is  believed  that  due  allowance  has  been  made 
for  this  rock,  although  the  liinds  allotted  tor  the  work  would  not  i>ermit 
sufficient  borings  to  determine  its  exact  position. 

This  harbor,  like  that  at  the  mouth  of  the  Little  !Miami,  oi>ens  on  a 
shore  where  the  cuiTcnt  is  not  strong,  and  where  deposits  are  likely  to 
ai)pear  if  the  i)resent  regimen  is  changed,  either  by  excavating  an  out- 
let or  by  building  dikes.  It  is  therefore  probable  that  the  entrance  to 
this  harbor  would  have  to  be  kept  ox)en  by  constant  <lredg1ng. 

The  value  of  the  land  is,  as  usual,  indeterminate ;  but  the  best  infor- 
mation puts  its  present  price  at  850  per  acre,  and  as  41  acres  woidd  be 
recjuired,  its  cost  would  be  $2,050. 

The  total  cost  of  this  harbor  would,  therefore,  be  $701,350,  which  is 
at  the  rate  of  $23,147  per  acre  of  harbor-mom. 
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Slimming  up  in  tabular  form  the  results  that  have  been  detenniiied 
above,  we  have — 


Little 
Miami. 


Average  depth  of  excavation feet . . ' 

Amount  t<j  oe  excavated cubic  yardti. . 

('oHt  of  excavation T ' 

Surface  to  be  i«ved square  yards. . 

Cost  of  pavinn; * | 

Cost  of  dam  and  sluices 

Cost  of  bridges ! . 

(.'ost  of  land 

Total  cost  of  harbor | 

Available  area acres. . 

Cost  per  acre  of  harbor 1 


41.1 

2,  318, 800 

^m,  C40 

W,  74.5 

$;j3,  745 

60,000 


Crawfish. 


40.9 

022.000 

$276.  600 

32,  700 

$32,  700 


4,600 

813,  08o 

31 

$26,  238 


13,  300 

322,  600 

13 

$24.  820 


AVillow 
Kun. 


Pleasant 
Ktm. 


46.4 

1,553,000  I 

$46.'j,»00  I 

50,  700 

$50,700  1 


40.8 

2,031,000 

$609,  300 

45. 000 

H>.  000 


45,000  I 
54,  OOO 

615,600  I 
19.3  I 

$31,  900  I 


45,  000 

2,4)50 

701,350 

30.3 

$23, 147 


It  is  proper  to  repeat  that  there  is  no  difficulty  in  obtaining  as  much 
harbor-room  as  may  be  needed  at  the  mouth  of  the" Little  Miami,  althougli 
the  survey  only  embraced  31  acre«,  and  that  an  increase  in  the  area  of 
hai'l)or  would  redu(^  the  cost  i>er  a^re  by  apportioning  the  cost  of  the 
entrance  and  of  the  sluices  among  a  greater  number  of  acivs. 
.  On  account  of  the  difficulty  of  keeping  oi)en  their  entrances,  it  is 
thought  that  neither  the  moutli  of  the  Little  Miami  nor  Pleasant  Kun  is 
available  as  a  site  for  a  harbor  of  refiige.  Of  the  foui'  sites  to  which  our 
choice  is  practically  limited,  the  two  just  named  have  the  aihlitional  dis- 
advantage of  having  the  most  inconvenient  locations,  the  former  being 
above  the  upper  boundary  of  the  city,  and  7  miles  above  the  suspension- 
bridge  (whi(;h  is  practically  the  middle  point  of  the  harbor  of  Cincin- 
nati), and  the  latter  about  op])osite  the  lower  end  of  the  city.  The  dis- 
tanc'e  between  the  outlets  of  these  two  projected  harbors  is  tlierefore  lOJ 
miles,  the  length  of  river  between  the  corporate  limits  of  Cincinnati  be- 
ing 9  miles. 

The  only  sites  in  this  vicinity  that  are  at  all  practicable  are  Crawfish 
C'reek  and  Willow  Run,  both  of  which  combined  would  only  give  a  har- 
bor-room of  32.3  acres,  instead  of  the  05  acres  which  our  preliminary 
cahnilation  showed  to  be  necessary  for  the  ccmii>lete  protection  of  the 
shipping  of  (^jncinnati.  We  may,  therefore,  sum  up  by  stating  that  our 
investigations  have  developed  the  fact  that  one-half  the  shipping  of  Cin- 
cinnati could  l>e  sheltered  in  harbors  of  refuge  at  a  cost  of  $1)4(),0(K). 
The  locations  of  these  two  harbors  are  very^  good.  Crawiish  ice-harl)or, 
4J  miles  above  the  suspension -bridge,  would  be  of  convenient  access  to 
the  boats  that  frequent  the  upper  part  of  the  harl)or  of  Cin<*innati,  and 
Willow  Run,  three-quarters  of  a  mile  below  the  Suspension-bridge,  woidd 
accommodate  the  central  and  lower  part^  of  the  harbor. 

After  consultation  with  persons  interested  in  tlie  river  commerce  of 
Cincinnati,  I  have  come  to  the  conclusion  that  it  is  unnecA\ssary  to  pro- 
vide for  more  than  one-half  of  this  commerce,  as  the  majority  of  the  steam- 
boats will  remain  at  their  landings  until  the  river  closes,  trusting  that 
the  detention  will  be  slight,  or  that,  if  it  should  be  long,  they  will  escai)e 
injuiy,  as  the  greater  number  always  do  escape.  As  far  as  the  steam- 
boat interest  is  concerned,  harbors  of  refuge  are  only  neede<l  for  stejim- 
boats  that  are  not  in  commissi<m  when  the  river  closes,  and  for  the  few 
others  that  may  be  able  to  reach  these  harbors  after  the  river  has  fix)zen 
lip.  An  allowance  of  one-half  the  calculated  area  will  therefore  proba- 
bly suffice  for  the  steamboat  interest. 


Digitized  by  VjOOQIC 


J 


828  REPORT   OF  THE   CHIEF   OF   ENGINEERS. 

The  cliief  reason  why  the  coal  interests  desire  a  harbor  of  refuge  is 
that  they  may  obtain  secure  shelter  for  their  reserve  supply,  the  greater 
part  of  which  is  now  stored  above  and  l)elow  the  harbor  proi^er.  But 
even  with  harbors  of  refuge,  the  majority  of  coal-owners  would  always 
keep  a  large  numl>er  of  barges  at  their  landings  all  winter  in  order  t4> 
meet  the  ordinary  demands  of  consumers.  For  this  reason,  I  tliink 
that  one-half  of  the  estimated  harbor-room  would  suffice  for  the  coal 
interest.  It  follows  from  the  al>ove  that  the  projected  harbors  at  Craw- 
fish Creek  and  Willow  Run  would  probably  suffice  to  contain  all  the 
boats  that  would  use  them  if  constructed. 

OTHER  METHODS  OP  PROTECTION. 

This  report  would  not  be  comj)lete  were  it  to  omit  to  mention  other 
methods  of  pi-otection  for  boats  that  cannot  or  will  not  leave  their  land- 
ings and  enter  an  aitiftcial  ice-harbor. 

l€€'breaJc€r8.--Jji  the  iwols  of  the  Monongahela,  where  many  coal-boats 
and  barges  are  harbored,  protection  from  ice  is  seciu-ed  by  ice-breakers. 
These  are  usually  spur-dikes,  projecting  at  right  angles  from  the  bank 
and  extending  into  the  river  far  enough  to  cover  as  wide  a  front  of 
barges  as  it  is  intended  to  shelter.  These  siiur-dikes  are  not  continuous 
stnictures,  but  consist  of  a  line  of  disconnected  cribs  filled  with  stone, 
and  having  interv^ening  spaces  usually  as  wide  as  the  cribs  themselves. 
Tlie  object  of  these  openings  is  to  give  passage  to  the  current  so  as  to 
prevent  shoals  from  forming  under  the  lee  of  the  cribs.  The  down- 
stream faces  of  the  cribs  are  vertical,  and  the  up-stream  faces  have  a 
very  gentle  slope,  so  as  to  reduce  as  much  as  possible  the  shock  of  ic^e 
and  drift. 

Such  structures  at  the  upper  end  of  every  coaManding  woidd  greatly 
reduce  the  danger  from  ice.  The  best  possible  ice-breaker  would  be  one 
that  could  be  put  in  place  in  the  autumn  and  be  removed  in  the  spring. 
It  would  thus  giv^e  protection  when  protection  is  needed,  and  woidd  he 
out  of  the  way  at  times  when  its  tendency  to  form  a  shoal  below  it 
would  be  a  decided  objection.  Such  an  ice-breaker  is,  however,  yet  to 
be  devised. 

Sheer-booim. — The  United  States  river-monitors  that  lay  so  long  at 
IVIound  City  were  protected  from  ice  and  drift  by  a  sheer-boom  of  heavy 
inm-plated  timbers  that  was  attached  to  the  shore  at  a  point  alx)ve  the 
fleet,  and  extended  down  far  enough  to  cover  the  boats  to  be  protecteil 
by  it.  This  system  is  free  from  the  objection  of  causing  deposits  below 
it,  and  it  seems  worthy  of  serious  consideration  as  a  method  of  protect- 
ing stiiamboats  and  model  barges.  The  shock  of  a  field  of  ice  against 
such  a  boom  would  be  at  once  transmitted  to  the  boats  behind  it,  but 
it  would  be  distributed  over  so  gi^eat  an  area  as  to  act  rather  as  a  push 
than  as  a  blow.  The  injury  to  steamboats  is  usually  caused  by  the  im- 
pact of  the  conier  of  an  ice-field  against  a  small  part  of  the  hull  that 
yields  to  the  shock,  and,  by  admitting  water,  causes  the  boat  to  sink. 
The  same  blow  distributed  over  a  wide  siuiace  of  the  same  hull  wouhl 
be  successfully  resisted. 

For  coal  boats  and  barges  the  ice-breakers  are  apparently  better  than 
sheer-booms,  as  thev  attbitl  much  more  reliable  means  of  fastening  the 
fleet. 

Harhor-hoat. — A  harbor-boat  that  could  be  relied  upon  to  break  up 
the  harbor-ice  wlienever  such  a  course  was  deemed  advisable,  would, 
at  times,  be  very  useful.  WTiether  its  occasional  use  woidd  justify  its 
constant  expense  is  a  question  that  is  open  to  argument.    The  strongest 
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point  against  such  a  boat  is  tlie  fa<3t  that  the  city  of  Saint  Louis  built 
one,  and  after  a  trial  of  a  few  seasons  ordered  it  to  be  sold.  In  any 
event,  the  construction  of  ice-breakers  and  slieer-booms  to  protect  either 
l)ublic  or  privat<5  landings  in  Cincinnati  does  not  seem  to  be  a  proper 
work  for  the  general  government  to  undertake,  and  the  purchase  and 
management  of  a  haibor-boat  api)arently  falls  into  the  same  category. 

Bike  at  Four-Mile  Bar. — It  has  been  strongly  assei-ted  by  several  Cin- 
cinnati coal-dealers  that  the  government  dike  at  Medoc,  18J  miles  below 
the  susi)ension-bridge,  has  done  them  considerable  indirect  injury,  by 
causing  ic^-gorges  to  begin  at  that  point,  and  then  gradually  ba<jk  up 
into  the  harbor  of  Cincinnati,  which  thus  becomes  closed.  They  have 
suggested  that  if  a  similar,  but  slightly  higher,  dike  were  built  at  Four- 
Mile  Bar,  10  mile«  above  the  suspension-bridge,  it  would  cause  the  river 
to  gorge  at  that  point  before  it  did  at  Medoc,  and  that  the  effect  would 
be  to  liohl  back  the  running  ice  so  that  the  Medoc  gorge  would  not  re- 
ceive sufficient  re-enforcements  to  enable  it  to  extend  biick  to  Cincinnati. 

The  theory  is  plausible,  and  ought  to  be  tested,  for  the  reiison  that 
Four-Mile  Bar  is  greatly  in  need  of  improvements  by  dikes,  being  one  of 
the  worst  bars  on  the  river,  and  one  that  has  often  been  selected  for 
imi)rovement,  but  laid  aside  for  lack  of  funds.  Dikes  at  this  point  are 
a  necessity  of  commerce,  whether  they  hold  back  ice  or  not. 

CONCLUSION. 

In  closing  this  report,  it  seems  proper  to  add  that  the  chief  cause  of 
the  great  exi)ense  of  any  ice-harbor  at  Cincinnati  is  due  to  the  great 
oscillation  in  the  river-surface.  Three  of  the  low  areas  which  have  been 
examined  average  27  feet  below  the  level  of  extreme  high  water,  which 
fact,  considered  by  itself,  would  seem  to  indicate  that  but  a  small  depth 
of  excavation  would  transform  any  one  of  them  into  a  harbor  of  refuge ; 
but  when  we  learn  that  extreme  high  water  at  Cincinnati  reads  64  feet 
on  the  gauge,  and  when  we  recall  the  fact  that  our  preliminary  investi- 
gation sliowed  that  we  must  excavate  our  harbors  to  a  depth  of  4  feet 
below  the  zero  of  this  gauge,  or  to  a  depth  of  68  feet  below  high-water 
mark,  we  readily  perceive  liow  a  level  of  27  feet  below  high  water  is 
compatible  with  an  average  excavation  of  41  feet. 

For  the  max)s  which  accompany  this  report  I  am  indebted  to  Mr.  Will- 
iam Weston,  assistant  engineer,  and  to  his  assistant,  Mr.  L.  Petitdidier. 
To  the  former  I  am  also  indebted  for  the  preparation  of  the  very  complete 
statistics,  the  collection  of  which,  from  innumerable  sources,  required  an 
unusual  amount  of  patience,  industry',  and  perseverance. 

Respectfully  submitted. 

William  E.  Merrill, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A. 
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ANXTJAL  REPORT  OF  MAJOR  JARED  A.  SMITH,  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1878, 

United  States  ENaiNEER  Office, 

IndmnapoUHj  Ind,^  July  13,  1878. 
General  :  Herewith  I  transmit  my  annual  report  of  operations  for  im- 
]>ro\ing  Wabash  River,  Indiana,  during  the  fiscal  year  ending  June  30, 
1878. 

Very  respectfully,  your  obedient  servant, 

Jared  a.  S>nTH, 
Major  of  Engineers. 
Brig.  Gen.  A.  A.  Hx^tphreys, 

Chief  of  Bn{fineer8j  U.  S,  A, 


IMPROVEMENT  OF  WABASH  RIVER,  INDIAN^^. 
WARWICK'S  RIPPLE. 

On  the  1st  of  July,  1877,  the  contract  with  Mr.  M.  W.  Nolan,  of  Jeffer- 
sonville,  Ind.,  for  rock  excavation  at  Warwick's  Ripple  was  still  out- 
standing. This  contract  was  entered  into  on  the  29th  of  May,  1875,  for 
the  puii)Ose  of  deepening  and  otherwise  improving  the  channel. 

The  work  was  to  have  l)een  compU»ted  December  1, 1870,  but  as  con- 
siderable difficulty  had  been  encountered  from  high  water,  the  contract 
had  been  extended  until  December  1,  1877. 

Durnig  most  of  the  summer  of  1877  the  stage  of  water  was  favorable 
for  the  work,  but  although  repeated  assumnces  were  received  from  the 
contractor  that  the  agreement  would  be  fulfilled,  no  excavation  was  made 
or  even  attempted  during  the  season. 

After  the  close  of  the  season  an  application  was  received  for  a  further 
extension  of  the  contract,  which  was  refused. 

On  the  1st  of  December,  1877,  the  contractor  wa^s  notified  that  the  con- 
tract had  expired,  and  that  no  amounts  were  due  or  could  become  due 
him  under  its  terms. 

Meanwhile  the  remains  of  the  coffer-dam,  which  had  been  constnicted 
to  facilitate  the  excavation,  formed  one  of  the  worst  obstru(;tions  to  navi- 
gation to  be  found  in  the  river.  During  liigh  stages  of  water,  when 
steamers  of  any  size  could  readily  ascend  the  river,  the  presence  of  tlie 
coffer-dam  could  hardly  be  detected,  while  its  projecting  timbers,  directly 
in  the  channel,  gave  a<lditional  danger  because  conceale<l. 

For  this  reason  all  the  thnbers  and  material  of  the  dam  which  could  be 
found  were  removed  in  June,  1878,  by  the  United  States  dredges  Ohio 
and  Oswego. 

Any  boats  which  can  a.scend  the  river  as  far  as  Warwick's  Ripple  can 
now  pass  that  place  without  difficulty,  and  until  other  points  below  ai-e 
so  for  improved  as  to  admit  a  dittei'ent  class  of  ste^mei*8  at  low  water, 
no  further  work  at  this  place  need  be  coutemi)lated. 


Digitized  by  VjOOQIC 


832         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

DAM  ACROSS  NEW  HARMONY  CUT-OFF. 

On  the  1st  of  July  a  small  portion  only  of  the  materials  had  l)een 
procured  for  constnietin^  a  dam  across  the  break  which  occmi-ed  tlje 
l>revious  winter.  This  break  wa«  about  2()0  feet  in  width,  and  the  water 
to  an  average  depth  of  IG  feet  was  rushing  through  the  bi*eak  at  a  rate 
of  0  feet  per  se<x)nd. 

The  island  bank  on  one  side  of  this  chute  was  of  sand  and  loam,  which 
was  constantly  wasliing  away,  as  it  was  but  little  better  than  a  quick- 
sand. 

Mr.  Fr.  Stein,  assistant  engineer,  who  had  been  previously  in  charge 
of  the  working  parties,  w^as  relieved  of  that  duty,  and  Mr."  Charleys  B. 
Bateman  was  employed  to  succeed  him. 

Nearly  the  entire  month  of  July  w  as  consumed  in  procuring  the  mate- 
rials and  appliances  for  prosecution  of  the  work. 

The  snmll  steamer  Oil  City  w^as  hired  as  a  tow-boat,  and  sevend  flat- 
boats  and  barges  were  procured.  It  wa«  found  necessarj^  to  go  alxnit 
fourteen  miles  up  the  river  to  Webb's  Ferry  to  procure  stone  for  A\\\\\^ 
cribs,  and  a  party  of  qualT\^nen  were  at  once  set  to  work  at  that  point 
and  contiinied  throughout  the  season. 

It  being  remote  from  any  town  or  dwelling,  the  men  were  fiirnished 
with  accommodations  for  cooking  and  sleeping  ui)on  an  old  barge  tied 
to  the  shore. 

Timbers  were  purchased  at  various  points  along  the  river,  and  were 
cut,  hauled  to  the  banks,  and  taken  in  the  flat-boats  to  tlie  work. 

On  the  24th  of  July,  cribs  were  begun  for  the  protection  of  the  island 
bank.  These  w^ere  constructed  15  feet  square  in  plan,  and  as  high  as 
the  depth  of  water  where  they  were  to  be  placed,  an  average  of  17^  feet. 

The  cribs  for  the  bank  protection  and  dam  were  built  of  the  most 
durable  timber  to  be  found  in  the  vicinity.  They  were  made  with  an 
open  grillage  bottom,  and  the  logs  w^ere  left  unhewn,  save  flattening 
where  timbers  joined.  The  side  and  end  courses  were  alternate,  thus 
leaving  open  spaces  of  from  3  to  6  inches  between  courses. 

The  superstructure  of  the  dam  w^as  built  continnoiis.  The  timbers 
were  secured  together  by  f-iiich  drift-bolts  of  round  iron,  and  eac*h  crib 
was  anchored  to  the  bottom  by  four  2-inch  bolts  extending  through  the 
bottom  timbers  and  18  inches  into  the  rock. 

The  first  crib  was  placed  about  40  feet  above  the  line  of  the  upper  side 
of  the  dam,  and  a  conthiuous  line  275  feet  in  length  was  formed  of  such 
cribs,  placed  on  the  rock  bottom  of  the  chute,  as  near  as  i)ossible  to  the 
foot  of  the  bank  slope,  and  filled  with  stone. 

The  space  behind  these  cribs  was  filled  with  stone  and  shale  until  a 
slope  of  1  on  3  was  formed  from  the  inner  line  of  the  cribs  to  the  top  of 
the  island. 

Below  the  lower  end  of  this  lino  of  cribs  a  riprap  of  stone  waa  thro\^ni 
against  the  bank,  as  high  as  the  top  of  the  cribs,  a  further  distaiK^e  of 
100  feet,  and  the  bank  slope  above  was  cut  in  the  same  plane  as  that 
behind  the  cribs. 

The  top  of  cribs  and  bank  of  sloj^e  below  the  dam,  a  distance  of  300 
feet  in  length  and  50  feet  wide,  was  carefully  paved  with  flat  stone  set  on 
edge  and  about  1  foot  deep. 

The  break  was  then  closed  with  a  work  of  cribs,  20  feet  in  width, 
filled  with  stone. 

The  cribs  were  launched  successively  from  the  bank  already  described, 
l>laced  in  absolute  contact  with  each  other,  and  in  a  pcafect  line.  So 
well  was  this  accomi)lished  that  not  an  accident  occurred  and  not  a  tim- 
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ber  was  lo«t.  This  was  made  remarkable  from  the  fact  that  in  the  first 
construction  of  tliis  work,  by  contract,  with  water  considerably  less 
rapid  and  less  deep,  the  river  was  strewn  with  cribs  and  fiagment«  for 
a  distance  of  more  than  25  miles,  the  losses  being  so  great  that  the  con- 
tractors refused  to  continue  the  work. 

In  order  to  prevent  any  possibility  of  a  recurrence  of  a  break  through 
the  island  at  tlie  end  of  the  dam,  the  work  was  carried  into  the  bank  a 
distance  of  60  feet  in  the  reiir  of  the  i)rotecting  cribs,  and  was  built  a 
few  inches  higher  than  the  top  of  the  island  for  a  length  of  110  feet. 

A  few  of  the  cribs  in  the  break  were  30  feet  liigh.  From  tliis  point 
the  top  of  the  dam  was  caiTied  in  a  slope  to  the  top  of  the  old  work  at 
the  junction  with  the  new. 

The  top  of  the  old  and  new  dam  and  a  portion  of  the  island  about  the 
end,  making  3,000  square  yards,  were  then  paved  in  the  same  manner  as 
the  slope  of  baidc. 

An  embankment  of  stone,  shale,  and  earth,  12  feet  wide  on  top,  was 
placed  against  the  ui)per  side  of  the  new  work,  and  the  embankment, 
which  had  been  much  washed  and  injiu-ed,  was  re-enlbrced  to  the  same 
dimensions. 

During  October,  IRovember  and  December  the  water  ran  over  the 
old  work  from  1  to  5  feet  in  depth  almost  continuously,  and  it  was  there- 
fore found  impracticable  to  strengthen  the  old  work  vnth  a  new  line  of 
cribs,  as  was  contemplated,  though  some  of  the  materials  were  procured. 

Tlie  two  auxiliaiy  cribs  for  holding  cai)stans,  &c.,  had  been  constnicted 
20  feet  stpiare  and  18  feet  deep,  and  tilled  with  stone  in  the  channel 
above  the  dam. 

The  work  as  described  was  comi)leted  December  26.  The  materials 
used  in  the  construction  were  l,or>4  logs,  making  35^002  linear  feet  of 
round  timber,  5,184  cubic  yanls  of  stone,  10^000  cubic  yards  of  stone, 
sliale^  and  earth,  5,479  finch  drift-bolts,  makuig  11,200  i)0unds  of  iron. 

I'his  work  was  <lone  by  hired  labor  and  open  purchases,  and  is  incom- 
l)arably  better  than  the  other  i)ortion,  which  was  done  by  contract^ 
while  its  cost  has  not  exceeded  four-fifths  of  what  it  would  have  cost  at 
the  prices  luider  which  the  contractors  failed. 

As  seTeral  sloughs  occur  on  the  island,  of  such  a  nature  as  to  render 
possible  a  cutting  of  new  channels  around  and  near  the  dam,  these 
sloughs  have  been  obstructed  ^yith  dams  of  bnish,  stakes,  and  stones, 
a  length  of  about  300  feet  and  about  20  feet  in  width  by  an  average  of 
3  feet  in  height. 

The  small  piece  of  ground  owned  by  the  United  States,  at  the  end  of 
the  old  dam,  having  been  washed  away,  the  island  embankment  and  end 
of  dam  is  now  upon  private  property,  and  it  is  possible  the  question  of 
damages  arising  from  the  break  and  subsequent  wash  may  arise,  as  well 
as  the  necessity  for  purchase  by  the  government  of  another  small  area 
sufficient  for  controlling  the  approaches  to  the  work. 

Kegarding  the  work  of  1876, 1  take  the  following  from  the  rei)ort  of 
Mr.  Charles  B.  Bateman,  assistant  engineer,  made  to  me  January  2, 1878: 

EXTRACT  FROM  MR.   BATEMAN'S  REPORT. 

#  *  *  Whou  in  the  early  part  of  December  the  river  had  receded  to  helow  the 
top  of  the  old  work  and  aU  the  work  being  almost  completely  tight,  the  water  fell  from 
Iw'low  the  dam  to  a  level  lower  than  at  any  previous  time  during  the  season,  and  the 
old  part  of  the  dam  was  laid  bare  to  inspection. 

The  clumsy  construction,  large  size  of  and  nnmerons  gaps  between  the  timbers, 
crreat  spaces  between  the  cribs,  and  the  small  amount  and  careless  packing  of  the  stone 
contained  in  the  cribs,  ^ave  rise  to  grave  apprehensions  as  to  the  ability  of  that  part  of 
the  work  to  withstand  its  share  of  tlie  pressure  through  the  wiuter^s  floods,  or  untU  the 
work  of  re-enforcing  them  can  be  resumed. 
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Nothing  but  the  compactness  of  the  earthwork  above  the  cribs  would  appear  to  giv 
any  strength,  and  on  that  is  tlie  only  reliance  for  saf<*ty  till  spriujf. 

Your  instructions  were  to  build  a  line  of  crib-work  below  this  part  of  the  dam  to 
strenj^then  it,  but  the  height  of  the  river  since  those  instructions  were  received  has 
2>revented  the  accompUshnient  of  that  part  of  the  work. 

I  should,  however,  respectfully  reconiniend  that  the  earliest  moment  that  offers  a 
prospect  of  continuous  work  be  taken  advantage  of  to  resume  operations. 

Crib  timbers  and  bolts  sufficient  for  the  work,  as  well  as  all  appliances,  are  at  hand 
at  any  time  required,  and  work  can  be  resumed  without  the  delay  experienced  at  the 
beginning  of  this  season.     *     »     ♦ 

On  the  4th  of  January,  1878,  two  daj's  after  the  above  was  written, 
the  water  being  about  5  feet  over  the  top  of  the  dam,  about  80  feet  in  length 
of  the  work  of  1876  broke  away,  and  the  break  was  subsequeutly 
widened  to  120  feet. 

Plans  were  immediately  made  and  approved  for  repairing  the  break 
and  strengthening  the  other  i)arts  as  proposed  in  the  autumn,  but  the 
winter  weather  and  stage  of  water  being  unfavorable  for  work,  it  was 
not  begun  until  April  and  no  cribs  could  be  plaeed  in  the  break  until  the 
end  of  May. 

During  the  month  of  June  96  feet  of  the  break  were  closed  with  a  work 
of  cribs  20  feet  wide  and  9  J  feet  deei)  filled  with  stone,  leaving  about  24 
feet  to  be  closed. 

In  order  to  hold  the  cribs  in  position  until  they  could  be  filled,  4  aux- 
iliary or  anchor  cribs,  18  by  20  feet  and  10  feet  deep,  were  placed  about 
150  feet  above  the  break  and  filled  with  stone. 

The  difficulty  of  closing  this  gap  may  be  estimated  when  it  is  consid- 
ered that  the  water  has  been  at  no  time  less  than  9  feet  deep,  and  so 
rapid  that,  in  rushing  tlirough  the  break,  its  surface  falls  2^  feet  in  the 
width  of  the  dam. 

This  work  will  now  be  pushed  rapidly,  and  it  is  confidently  expected 
that  the  present  summer  will  find  it  all  completed  in  a  thoroughly  sub- 
stantial manner. 

WOEK  OF  DEEDaES. 

For  the  purpose  of  removing  certain  obstructions  in  the  river,  author- 
ity was  obtained  to  procure  the  loan  of  the  United  States  dredges  Ohio 
and  Oswego,  together  with  their  scows  and  flat-boats,  pertaining  to  the 
improvements  of  the  Ohio  Eiver. 

The  steamer  Is.  Keefer  was  hired  at  a  rate  of  $41  per  day  to  tow  the 
dredges  and  scows ;  this  price  includes  furnishing  crew  and  supplies  for 
steamer  and  coal  for  use  on  both  the  dredges. 

A  considerable  amount  of  repairs  were  required  for  the  dredges  and 
scows  before  they  could  start  for  the  work,  ^d  further  repairs  were 
completed  while  on  the  route. 

The  fleet,  consisting  of  steamer,  2  dredges,  2  barges  of  coal,  1  barge  of 
tools  and  implements,  and  2  dump-scows,  left  Cincinnati  April  6  and 
arrived  at  Kingdom  Bar,  near  Gray\ille,  111.,  the  evenuig  of  April  17. 

Several  snags  were  struck  and  remove<l  while  going  up  the  river. 

Two  entire  days  were  consumed  in  getting  the  fleet  through  the  chute 
at  Grand  Chain,  on  jiccouut  of  the  rapid  current  confined  between  the 
dikes.  All  the  power  of  the  steamer  (which  is  a  powerful  tow-l)oat),  to- 
gether with  2  heavy  hawsers  worked  by  capstans  on  tlie  di^edges,  was 
reqxured  to  make  one-half  the  fleet  move  perceptibly,  though  Uie  depth 
of  water  was  such  that  the  bottom  was  not  touched. 

Most  of  the  bars  were  found  to  be  so  soft  that  dredging  would  be  of 
doubtful  utility,  and,  with  a  view  of  removing  them  by  other  means, 
the  dredging  was  abandoned. 

The  experience  in  ascending  the  river  and  subsequent  examination 
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tlie  bars  is  in  many  causes  already  apparent. 

The  dredges  also  removed  all  that  could  be  found  of  the  coffer-dam 
put  in  by  the  failing  contractor  at  Warwick's  Ripple. 

A  large  proportion  of  the  time  the  river  was  so  high  that  the  dredges 
could  not  work  at  all. 

On  the  16th  of  June  the  dredges  left  for  Cincinnati,  to  return  to  their 
proper  duties  on  the  Ohio  River. 

Mr.  E.  J.  Carpenter,  assistant  engineer,  was  in  charge  of  tlie  work, 
and  his  management  has  shown  him  to  be  thoroughly  conversant  with 
his  duties,  and  has  met  my  cordial  approval. 

I  submit  the  rei)oit  of  work  accomplished,  as  follows : 

REPORT  OF  MR.  E.  J.   CARPENTER,   ASSISTANT  EXOIXEER. 

United  States  Dredge  Oswego,  Clndnnatij  Ohio,  July  1,  1878. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  operations  of  the  dredges 
in  the  Wabash  River  during  the  present  season. 

The  work  contemplated  was  the  removal  of  snags  from  the  channel  between  Gray- 
Anile,  III.,  and  the  Oliio  River,  removal  of  the  coffer-dam  and  crib- work  at  Warwick^s 
Ripple,  and  dred|^ng  at  the  following  places :  Kingdom  Bar,  French  Creek,  Warner's 
Bar,  head  of  Rebiere's  Island,  head  or  Turkey  Island,  Hodges  Bar,  Winklers  Towhead, 
and  foot  of  New  Harmony  Cut-off. 

It  was  also  proposed  to  complete  the  o|>eninff  of  the  Little  Chain  Cut-off  in  case  a 
survey  of  the  Little  Chain  shonld  show  this  to  be  advisable. 

After  making  such  repairs  as  were  necessary  the  dredges  left  Cincinnati  and  pro- 
ceeded to  Kingdom  Bar  on  the  Wabash.  On  the  way  several  dangerous  snags  were 
removed  from  tlie  channel  at  the  Little  Chain  and  just  below  the  Grand  Chain. 

I  found  the  Kingdom  Bar  to  be  composed  of  an  extremely  li^ht  sand,  so  fine  that  it 
could  hardly  be  held  in  the  scows,  bat  as  the  river  was  too  high  for  any  other  work 
the  dredges  were  kept  employed  at  this  until  the  water  became  too  deep  for  the  spuds 
to  hold  the  boats. 

An  examination  of  the  other  bars  where  dredging  was  proposed  showed  that  all  were 
composed  of  sand,  and  as  but  little  good  would  have  result^  from  dredging  where  the 
bottom  is  so  light  and  easily  moved  this  part  of  the  work  was  abandoned. 

The  channel  might  be  improved  by  a  day  or  two  of  dredging  at  each  of  the  bars 
named  above,  after  the  spring  freshets  had  all  passed  and  the  river  had  begun  to  work 
out  its  low-water  channel,  but  there  was  no  time  while  the  dredges  were  in  the  Wabash 
when  digging  out  the  bars  would  have  done  any  ffood.  In  fact  nothing  more  than  a 
temporary  improvement  of  the  channel  could  be  effected  at  any  time  by  dredging. 

The  following  is  a  statement  of  work  accomplished  by  the  dredges : 

Kingdom  Bar,  sand  excavation 2,608.0  cubic  yards. 

Head  Turkey  Island,  sand  excavation 123. 0  cubic  yards. 

Total 2,73L0  cubic  yards. 

French  Creek , 3  snags,   24.0  tons. 

Drigger's  Bar 3  snags,   19.0  tons. 

Waller's  Bar 4  snags,   34.5  tons. 

Bald  Point 3  snags,   12.0  tons. 

Snaggy  Bend 11  snags,   73.0  tons. 

Tort  Slough 8  snags,   43.0  tons. 

Juno  Bar 14  snags,  121. 5  tons. 

New  Harmony 1  snag,       3.5  tons. 

Head  Rebiere's  Island 82  snags,  307. 0  tons. 

Head  Turkey's  Island 4  snags,   29.0  tons. 

Foot  Turkey's  Island 1  snag,     16.0  tons. 

McIntyrie'sBar 1  snag,       1.0  ton. 

Below* Mclntyrie's  Bar 1  snag,     36.0  tons. 

War>vick'8  Ripple 1  snag,       9.5  tons. 

Little  Chain 3  snags,   35.6  tons. 

Grand  Chain 2  snags,   16.1  tons. 

Little  Wabash 1  snag,     63.0  tons. 

143  snags,  843. 7  tons. 
Warwick's  Ripple 181  crib  and  coffer  dam  timbers 
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0\w  8na<;  from  Juno  Bar,  1  from  New  Hnniioiiy,  and  most  of  thoae  from  bead  ot 
Ri*bien*'»  Iwland  wore  place<l  in  the  New  Harmony  Cut-off. 

At  Warwick's  Ripple  all  of  the  coffer-dam  and  cribs  that  could  bo  found  were  re- 
moved. 

After  com]>leting  tlic  removal  of  sua^  «and  the  Warwick*s  Ripple  obstructions,  the 
dredges  return«'d  to  Cincinnati. 

While  in  the  Wabash  the  dnnlges  lost  4  weeks'  working  time  fmm  high  water.  In 
fact,  while  they  were  in  the  river  there  was  only  about  one  week  when  the  water  was 
at  a  good  working  stage. 

There  was  some  time  lost  through  accidents  to  the  machinery,  bnt  not  enough  to 
materially  affect  either  the  amount  or  cost  of  the  work. 
Very  respectfully,  your  obedient  servant, 

E.  J.  CAitPEXTER,  AsHistant  Engineer, 

Maj.  Jarei>  a.  Smith, 

CorpH  of  Enghieers,  Z\  S.  A, 

GRAND    CHAIN. 

The  only  cliannel  at  this  place  which  is  iiavif?able  during  low  stages 
of  water  is  the  one  confined  between  dikes  and  forming  a  straight  cut 
about  2,(K)0  feet  in  length  and  KK)  feet  broad. 

The  water  rushes  thi*ough  this  cut  with  great  velocity.  Its  he^id  is 
situated  just  l)elow  a  bend  in  the  river,  which  tlirows  much  of  the  water 
past  it  and  between  the  east  dike  and  shore. 

This  watvr  is  che<'ked  by  ledges  of  rock  near  the  foot  of  the  cut,  and 
is  throwni  across  the  dike  into  the  chute,  thus  injiu'ing  the  work  and 
producing  side  currents  which  add  greatly  to  the  already  diflicidt  navi- 
gation. 

It  is  also  f«)und  that  the  bottom  of  the  cut  is  not  parallel  to  the  water 
surfiu*e,  so  that  when  4  feet  of  water  may  be  obtainwl  at  the  foot  of  the 
chute  bnt  little  more  tlian  half  that  amount  will  be  found  at  its  head. 

A  pai-ty  was  s(»t  to  work  early  in  0(»tober,  1877,  to  remedy  these  de- 
fects and  to  put  the  dikes  in  such  condition  that  their  surfaces  will  not 
be  readily  broken.  Before  any  considerable  amount  of  work  could  Ih? 
ac(*omi)Ushed  autumn  rains  raised  the  river  to  such  an  extent  as  to 
compel  its  posti)onement  until  spring. 

Xot  less  than  1,000  cubic  yards  of  stone  was  quarried  from  the  reefs 
adjacent  and  placed  in  the  breaks  of  the  dikes,  thus  repairing  them  all. 

Tlie  siuface  of  the  new  work  was  secured  by  a  very  carefully  laid 
paving,  covering  a  surface  of  1,200  square  yards. 

Twenty  oak  posts  were  set  at  intervals  of  200  feet  along  the  east  dike 
to  aid  steamers  in  "  waii)ing^  through,  as  in  many  cases  their  o\\ti  power 
would  he  insufficient.  Hea\^  blows  from  drifting  snags  were  too  great 
for  the  endurance  of  the  posts,  and  they  were  all  carried  away  during  the 
winter.  It  is  now  proi)Osed  to  obtain  the  same  end  by  using  heavy  iron 
rings  secured  to  the  dike  in  such  manner  as  to  offer  no  obstacle  to  the 
passing  drift. 

During  the  present  season  the  upper  end  of  the  east  dike  will  be  con- 
nected with  the  shore  by  a  work  of  cribs  and  stone. 

The  top  of  the  entire  dike  ^^1  be  paved,  and  the  channel  cut  in  such 
a  manner  as  to  give  a  uniform  depth.  A  special  siu^'cy  for  this  x>urpose 
has  already  been  made. 

A  party,  as  large  as  could  conveniently  work,  was  again  started  at 
the  work  on  the  3d  of  June,  and  is  making  good  progress.  The  party 
will  be  increased  and  the  work  imshed  more  rapidly  as  the  water  sub- 
sides. 

LITTLE  CHAIN. 

A  careful  observation  and  study  of  this  place  has  been  made  during 
the  year  in  order  to  ascertain,  if  possible,  the  best  and  cheapest  metiiod 
of  making  a  good  channel  past  the  reef  at  this  place. 
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Tlie  work  mentioned  in  the  last  annual  report  was  done  in  pursuance 
of  plans  adopte<l  by  the  officer  who  bad  i)revious]y  had  charge  of  the 
imi)rovenientH  of  this  river.  This  plan  was  to  divert  sufficient  water  into 
and  through  the  small  channel  which  leaves  the  main  river  about  J  of  a 
mile  above  the  reef  and  rejoins  it  at  a  distance  of  about  2  miles  below. 
This  is  called  the  cut-off,  as  the  distance  is  a  trifle  shorter  than  by  the 
main  channel. 

In  the  summer  of  1877  a  complete  suney  was  made  of  this  cut-off, 
including  examinations  of  the  bottom  and  diiving  of  sounding-rods  to  a 
depth  of  not  less  than  8  feet  below  the  plane  of  low- water. 

The  bottom  wa«  found  to  be  favorable  for  the  cutting  of  a  new  chan- 
nel by  the  action  of  the  current. 

The  cut-oft'  is  about  2  miles  in  length  and  an  average  width  of  about 
150  feet  between  banks  which  are  heavily  wooded  with  inunense  forest 
trees. 

Although  the  (iut-oft*  was  cleared  of  snags  2  or  3  years  since,  it  is  now 
again  so  full  of  them  as  to  make  its  navigation  more  than  hazardous. 

In  order  to  make  the  channel  satisfactory,  a  large  amount  must  be  cut 
away  from  its  head  to  make  a  suitable  entrance  for  passing  boats. 

The  hea<l  of  the  island  would  require  a  substantial  protection  to  i>re- 
vent  the  extreme  cutting  of  its  banks. 

Tlie  constant  caving  in  of  the  timbered  banks  would  require  continued 
care  and  expenditure  for  several  years  to  keep  the  channel  open.  It  can 
be  readily  seen  that  the  nature  of  this  work  would  be  such  that  even  an 
approximate  estimate  of  its  cost  cannot  be  made. 

In  case  of  the  failure  of  an  annual  appropriation  for  the  work,  a  prob- 
able result  would  be  serious  injury  to  the  main  channel  by  its  loss  of 
water,  while  the  cut-off  woidd  be  choked  with  snags  and  rendered  use- 
less. For  these  reasons  any  further  work  in  the  cilt-oft'  was  postponed 
until  a  careful  survey  of  the  reef  in  the  main  river  could  be  completed. 
This  survey  was  comi)leted  in  June,  1878,  and  the  field-work  has  been 
])latted. 

There  has  not  yet  been  sufficient  time  to  make  a  detailed  estimate  of 
the  cost  of  the  necessary  rock  excavations  for  making  a  good  channel, 
but  whatever  is  done  will  remain,  and  will  be  to  that  extent  a  x)ermanent 
benefit,  and  it  is  not  probable  that  its  cost  will  be  as  gi-eat  as  the  ulti- 
mate expense  of  attemi)ting  to  tiu*n  the  channel  in  another  course. 

It  is  therefore  now  pro])osed  to  make  such  excavations  as  are  neces- 
sary in  the  reef,  and  to  cUksc  the  cut-off"  chute  by  means  of  a  dam  of  ])iles, 
brush,  and  stone. 

SUBVEYS. 

In  July,  1877,  a  survey  was  made  of  the  United  States  lands  on  both 
the  west  and  east  banks  of  the  river  at  the  (Irand  llai)ids,  near  Mount 
Carmel,  III.  Stones  were  set  to  indicate  the  boundaries  of  the  grounds. 
Each  stone  was  about  4  feet  long  and  1  foot  square,  with  the  letters  U. 
S.  cut  on  the  top. 

The  topogra])hical  survey  was  also  made  of  the  site  of  the  old  lock, 
where  it  has  In^en  proposed  to  locate  a  new  one,  and  a  hydrographic 
survey  of  the  rapids  and  a  snuill  portion  of  the  adjacent  channel.  The 
survey  was  made  by  3Ir.  Fr.  Stein,  assisted  by  C).  Petitdidier.  At  that 
time  theiH?  were  no  maps  of  any  portion  of  the  river  which  could  be  re- 
lied ui)on  in  making  anyi)lans  for  future  im])rovemeuts,  or  for  estimates 
of  cost.  The  scoi)e  of  the  work  was  therefore  far  more  restricted  than  it 
wouhl  otherwise  liave  been. 

To  remedy  this  it  was  deenuMl  best  to  nmke  a  svstematiir  and  contin- 
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iious  survey,  beginning  with  the  Little  Chain  Cut-off,  where  an  extensive 
iini)i'oveineut  had  been  contemplated. 

Mr.  O.  Petitdidier  was  plaeed  in  charge  of  a  surveying  party,  and 
began  the  work  early  in  August,  1877,  and  continued  throughout  the 
months  of  Se])tember  and  October.  During  the  months  of  September 
and  October  there  was  no  time  when  the  party  was  not  seriously  crippled 
by  sickness  of  a  malarial  character,  and  I  at  one  time  visited  the  camp 
wlien  more  than  half  the  party  were  do^vn  with  attacks  of  fever. 

The  work  was  finally  stopped  on  account  of  high  water  i)reventing 
any  satisfactoiy  work. 

The  survey  was  completed  a  distance  of  nearly  10  miles,  to  a  point 
below  the  mouth  of  the  Little  Wabash. 

luines  of  soundings  were  taken  across  the  river  at  intervals  of  about 
100  feet,  placing  them  nearer  in  the  shallow  water  or  at  i>oints  wheix* 
improvements  would  be  likely  to  be  required.  A  line  of  levels  was  also 
rim  the  entire  length  to  ascertain  the  decUvity  of  the  water  surface.  The 
character  of  the  bottom  was  also  noted.  In  the  Little  Chain  Cut-off  a 
steel  rod  was  driven  down,  to  a  depth  of  8  feet  below  low-water  in  numer- 
ous places,  to  ascertain  whether  tlie  underlying  rock  woidd  interfere  with 
cutting  a  new  channel  by  action  of  the  current. 

These  surveys  have  been  reduced  and  platted  in  the  office,  the  cut-off 
on  a  scale  of  100  feet  to  1  inch,  and  the  remainder  on  a  scale  of  200  feet 
to  1  inch. 

The  soundings  have  all  been  reduced  to  exti*eme  low- water  reference 
by  the  followmg  method : 

As  the  party  passed  the  water-gauge  at  the  Saint  Louis  and  SoutheavSt- 
em  Eailroad  Bridge,  en  route  to  begin  the  survey,  its  reading  was  noteil, 
and  a  man  was  detached  ftx)m  the  party  to  allow  him  to  float  dowTi  to  the 
camp,  a  distance  of  about  6  miles,  in  a  skiff.  On  his  arrival  a  temporarv 
water-gauge  was  at  once  established,  on  the  same  reading  as  the  stand- 
ard. On  changing  camp  a  new  gauge  was  established  in  a  similai* 
manner. 

These  temporary  gauges  were  read  three  times  each  day,  and  compari- 
sons were  made  with  the  daily  record  of  the  nearest  standard  gauge. 

The  hydrographic  work  being  taken  at  a  low  stage  of  w^ater,  the  differ- 
ences in  the  readings  for  slight  fluctuations  in  the  water-level  were  very 
sUght,  and  the  reductions  were,  therefore,  reduced  by  ttie  readings  of 
the  local  gauge.  This  is  believed  to  obtain  as  close  an  approximation 
as  can  be  secured  by  any  simple  method. 

As  the  propriety  of  improving  the  navigation  at  Little  Chain  by  turn- 
ing the  channel  became  doubtfiil,  a  survey  of  the  reef  and  main  chaimel 
was  imdertaken  early  in  April,  1878 ;  but  before  any  substantial  progress 
had  been  made  the  water  became  so  high  as  to  render  any  progress  en- 
tirely impracticable.  The  party  was,  therefore,  withdrawn  until  early  in 
June,  when  work  was  resimied. 

A  complete  survey  of  the  reef  has  been  obtained,  giving  all  neceBsary 
details  for  completing  plans  and  estimates.  The  survey  also  includes 
the  i)ortion  of  the  main  channel  to  the  foot  of  the  cut-off.  a  distance  of 
two  miles.  This  survey  has  been  reduced  and  platted,  m  camp,  on  a 
scale  of  200  feet  to  1  inch. 

To  assist  in  the  contemplated  improvements  at  Grand  Chain  the  sur- 
veying party  was  taken  to  that  pla<;e  to  make  a  survey  of  the  chute  and 
its  surroundings.    This  survey  was  in  progress  on  the  30th  of  Jane. 

In  order  to  ascertain  the  effects  of  the  filling  of  the  cut-off  at  New 
Harmony  after  completing  the  dam  a  hydrographic  survey  of  the  portion 
above  the  dam,  a  half  mile  in  length,  was  made  in  December,  1877; 
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The  daily  reading  of  water-gauges  on  the  piers  of  bridges  at  Viu- 
cennes,  Mount  Carmel,  and  Grand  Chain  has  been  continued. 

For  conveuience  of  reference  most  of  the  work  has  been  i)latted  in 
hydrograplis. 

These  gauges  have  been  divided  to  read  in  feet  and  tenths,  the  zero 
having  been  placed  in  a  i>osition  to  indicate  as  nearly  as  possible  the 
lowest  water  known. 

This,  at  Gmnd  Chain,  is  more  than  a  foot  lower  than  any  readings 
which  have  been  made  since  the  gauges  were  established ;  and  the  charts, 
being  reduced  to  this  standard,  will  therefore  show  a  maximimi  of  unfa- 
vorable conditions. 

LOCK  AND  DAM  AT   GRAND  EAPIDS. 

A  careful  observation  of  the  navigation  of  the  river  during  the  year 
has  failed  to  indicate  a  necessity  for  this  work  which  would  be  at  all 
commensurate  with  its  cost. 

The  navigation  of  the  river  during  the  last  year  has  been  quite  exten- 
sive, and  there  are  evidences  of  a  substantial  growth  in  the  carrying  of 
freights  by  water ;  but  there  is  little  or  no  demand  for  any  through 
freights  by  this  water-route.  Frequent  inquiries  have  been  made  of  ' 
both  shijipers  and  carriers  without  once  finding  an  opinion  that  the  lock 
is  at  i>resent  a  necessity,  and  no  communication  of  any  kind  favoring 
this  work  has  reached  this  oflfice. 

It  is  therefore  deemed  most  expedient  to  use  the  money  appropriated 
for  improving  the  river,  by  giving  attention  to  those  places  where  a 
present  demand  exists,  leaving  the  commencement  of  so  expensive  a 
work  as  a  lock  and  dam  until  the  traffic  seems  to  require  it,  or  until  a 
specific  appropriation  shall  be  made  for  that  purpose. 

IMPROVEMENTS  CONTEMPLATED. 

It  is  i^roposed  to  complete  the  works  already  mentioned  in  the  New 
Harmony  Cut-off,  the  Grand  Chain,  and  the  Little  Chain. 

There  are  several  places  in  the  river  where  the  channel  is  divided, 
thus  reducing  the  flow  and  forming  bars.  The  water  will  as  far  as  pos- 
sible be  confined  to  a  single  channel  by  closing  the  smaller  ones. 

The  bars  vdth  which  the  river  abounds  at  low  water  are  the  result  of 
various  causes,  the  principal  ones  being  too  great  a  width  in  which  the 
water  can  flow,  and  the  presence  of  snags.  Small  jetties  or  vring-dams  of 
piles,  bnish,  and  stone  can  be  so  used  as  to  reduce  the  width  and  concen- 
trate the  flow.  The  removal  of  the  snags  vrill  accomplish  the  double 
object  of  freeing  the  channel  from  dangerous  obstacles,  and  of  increas- 
ing the  draught  of  water. 

In  some  places  the  river-banks  are  constantly  being  cut  away  upon 
one  or  the  other  side.  Large  trees  and  amoimts  of  earthy  matter  are 
thus  thrown  into  the  water,  supplying  both  the  cause  and  the  material 
for  new  bars. 

Near  Grayville,  HI.,  this  cutting  has  reached  such  an  extent  that  un- 
less soon  checked  the  town  and  its  railroad,  which  has  taken  large 
amounts  of  freight  from  the  river,  will  be  left  a  long  distance  inland. 

In  places  like  this  the  banks  will  be  protected  vdth  a  work  of  piles, 
brush,  and  stone. 
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It  is  proi)osed  to  extend  tlie  removal  of  snags  to  the  portion  of  the 
river  between  Yincennes  and  Ten-e  Hante,  as  well  as  the  part  below. 

No  definite  project  and  estimate  has  thus  far  been  submitted  for  the 
complete  improvement  of  the  Wabash  Eiver,  nor  does  it  seem  practica- 
ble at  present  to  submit  such  a  project,  for  the  reason  that  reliable  sur- 
veys of  the  river,  as  yet,  extend  over  too  limited  an  extent. 


COMMERCE. 

The  large  crops  of  the  past  year  have  caused  a  considerable  commerce 
to  spring  up  on  the  river,  the  larger  amount  of  freight  being  taken  to 
and  from  railroads  by  small  steamers  and  tow-boats  with  barges. 

From  the  most  reliable  sources  it  has  been  estimated  that  the  freights 
moved  in  this  manner  belo^v  Mount  Carmel,  in  the  past  nine  months,  are 
about  as  follows,  viz : 

2, 000, 000  bushels  of  com. 

150, 000  bushels  of  wheat. 
40, 000  barrels  of  flour  and  meal. 
4, 000, 000  pounds  of  pork. 

Besides  a  large  miscellaneous  freight,  consisting  of  apples^  potatoes,  seeds,  hoop- 
poles^  staves,  lumber,  groceries,  machinery,  and  miscellaneous  supplies. 

In  addition  to  the  foregoing,  constant  trips  have  been  made  by  several 
small  steamers  running  in  connection  with  railroads  above  Vincennes. 

The  following  tabulated  statement,  which  is  approximately  complete, 
for  the  winter  and  spring  of  1878,  will  indicate  the  amount  of  commerce: 


Namoft  of  tow-boats  or  steamers. 


Sam  RoWrts 

Grand  Lake 

John  W.  Garrett. 

Etna 

J.S.Neal 

Nashville. 

Hotspur  .' 

Robin 

Hope 

Trout 


Ada 

Wa«h  Obeiichaiu,  daily  . 
H.  M.  Sweetzer 


Bolgrade 

Rusnelville  ... 

Antelopp 

Prairio  City... 
Billy  Pai-»oua . 


127 


2,700 
3,  500 
1,800 
1,000 
1,600 
6(H) 
1,000 

8r»o 

200 
85 


75 

iSo 


40 
30 
100 
20 


ee 

:l 

i 

P 


7 

8 

6i 
6 


Keniarka. 


H 


From  Ohio  River. 

Do. 

Do. 

Bo. 

Do. 

Do. 

Do. 

Do. 

Do. 
Reffular   trips  between  Sliawneetoix-n   and 

Gra^-ville. 
Ro^lar  trips  to  Saint  Lonia  and  S.  E.  R.  R. 
Xew  Harmony  to  V.  and  C.  li.  R. 
Rejfnlar  trips' on  White  River  to  E.  and  T.  H. 

R.  R. 
Vincennes  and  Terre  Hatit<». 
Regubir  trips  Russelville  to  Vincennes. 
Above  Vincennes. 

Do. 

Do. 


Money  statement, 

July  1, 1877,  amount  available ^-^5,679  61 

Aiiioimt  anin'opriated  by  act  approved  Juiii?  18, 1878 5(),  000  00 

ftl35, 679  01 

July  1, 1878,  amount  expended  duriii/r  fiscal  year 37, 701  90 

July  1, 1878,  outstanding  liabilities 6,:n'2  78 

44,074  G^ 

July  1, 1878,  amount  availaV.o 91,  G04  IW 

Amount  t  luit  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.       50, 000  'wi 
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Mississippi  River: 

at  Alexandria,  Mo.,  examination  of ;  101 

at  Bloody  Island,  examination  of d5 

at  Burlington,  Iowa,  improvement  of 97 

at  Des  Moines  Rapids,  improvement  of 101 

at  Dubuque,  Iowa,  improvement  of 97 

at  Falls  of  Saint  Anthony,  improvement  of 99 

at  Fort  Madison,  Iowa,  improvement  of 97 

at  La  Croase,  Wis.,  improvement  of 98 

at  Meeker's  Island,  improvement  of 99 

at  Quincy,  111.,  examination  of 101 

at  Rock  islandi  Rapids,  improvement  of 96 

at  Venice,  111. ,  examination  of l    95 

between  the  mouths  of  the  Illinois  and  Ohio  Riv-  i 

ers,  improvement  of 93 

from  Des  Moines  to  the  mouth  of  Illinois  River,  ' 

deepening  channel  of 98    724 
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upper,  improvement  of |    96 
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at  Omaha,  Nebr.,  improvement  of 91,657^663 
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at  Saint  Charles,  Mo.,  examination  of., 
at  Saint  Joseph,  Mo.,  improvement  of. 
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at  Sioux  City,  Iowa,  improvement  of .91, 657, 674 

survey  of I    92  658 

Mobile  Harbor,  Ala. ,  improvement  of ,  i    79  587 

Moline,  111.,  water-jwwer  at 35  750 

Monongahela  River,  improvement  of... ...I  107  805 

Monroe  Harbor,  Mich. ,  improvement  of |  127 
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Movable  dam  at  Davis  Island,  Ohio  River ]  107  802 

Muskegon  Harbor,  Mich.,  improvement  of 122 

Muskingum  River,  Ohio,  examination  of 108 
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Nansemond  River,  Va.,  improvement  of 

Narragansett  Bay,  R.  I.,  improvement  of \ 

Nebraska  City,  Nebr. ,  improvement  of  Missouri  River  at . ; 

Neohes  River,  Tex. ,  improvement  of 

Neuse  River,  N.  C,  examination  of 

New  Bedfora  Harbor,  Mass.,  improvement  of 
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